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Foreword

Professor Armen Takhtajan, a giant among botanists, has spent a lifetime in the service 
of his science and of humanity. As a thoroughgoing internationalist, he promoted 
close relationships between botanists and people of all nations through the most diffi cult 
times imaginable, and succeeded with his strong and persistent personal warmth. 
He also has stood for excellent modern science throughout this life, and taught 
hundreds of students to appreciate the highest values of civilization whatever their 
particular pursuits or views, or the problems they encountered.

Takhtajan has made multiple contributions to our understanding of plant evolu-
tion, particularly concerning angiosperms and their classifi cation. As early as 1943, 
in his paper “Correlations of Ontogenesis and Phylogenesis in Higher Plants,” he put 
forward a theory of the macroevolution of many groups of plants through neoteny; he 
elaborated this theory in later publications. Takhtajan’s ideas on macroevolution as a 
result of changes in developmental timing (heterochrony or heterobatmy) has been 
viewed favorably by a number of outstanding biologists, including Agnes Arber (in 
“The Natural Philosophy of Plant Form”, 1950) and Stephen Gould (in “Ontogeny 
and Phylogeny”, 1977). His principal ideas were that the origin of herbaceous angio-
sperms was the result of neoteny and that the origin of some arborescent forms was 
secondary. He also offered hypotheses about the way in which monocot leaves, with 
their characteristic parallel venation, and discussed well the patterns involved in the 
origin of stomata. Takhtajan produced a novel classifi cation for the structural types of 
gynoecium and of their placentation. He also wrote on the evolution of infl orescences, 
the evolution of pollen grains, and the evolutionary classifi cation of fruit types. His 
theory of the evolution of infl orescences, in which he postulated that a leafy cyme 
was the original type, was accepted by Stebbins (“Flowering Plants, Evolution Above 
the Species Level,” 1974: 263). One of the his most important contributions was the 
idea that the origin and evolution of male and female gametophytes of the angio-
sperms came about through evolutionary changes in developmental timing accompa-
nied by drastic modifi cations of the ontogenetic processes involved.

Takhtajan’s most important achievement has been the development of his phylo-
genetic system of the fl owering plants, a system that has greatly infl uenced all other 
recent systems of classifi cation; in turn, Takhtajan was inspired by Hans Hallier’s 
earlier theories. He published a preliminary phyletic diagram of the orders of angio-
sperms as early as in 1942, and this diagram was mentioned by Gundersen in his 
“Families of Dicotyledons” (1950). Later in his large book, “A System and Phylogeny 
of the Flowering Plants” (1966) and in his “Systema Magnoliophytorum” (1987), 
both in Russian, as well as in “Diversity and Classifi cation of Flowering Plants” 
(1997), in English, Takhtajan provided a detailed exposition of his system as well as 
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viii Foreword

the reasons for his delimitation and arrangement of families and orders. One of his 
main innovations was the subdivision of both the dicots and monocots into subclasses, 
which was widely accepted as a major advance in angiosperm classifi cation and 
introduced into some textbooks, including the last edition of Strasburger’s “Lehrbuch 
der Botanik”.

Takhtajan’s system of classifi cation is a synthetic, integrated one based on all 
available data, including recent studies in embryology, palynology, comparative anat-
omy, cytology, phytochemistry, and molecular data, as well as on cladistic analyses 
of many taxa. This new book, as well as “Diversity and Classifi cation of Flowering 
Plants”, includes also intrafamilial classifi cation (subfamilies and tribes).

Armen Takhtajan has worked for many years at the Komarov Botanical Institute, 
St. Petersburg, Russia (LE), where he had access to its great herbarium collections 
and library. He used these rich resources to supplement his fi eld experience in many 
regions in the world. As a result of his studies and the observations he was able to 
make during the course of his travels, he prepared a book entitled “Floristic Regions 
of the World,” in which he presented not only fl oristic divisions for the whole world, 
but also listed endemic families and genera and provided examples of endemic spe-
cies for each province.

At the present, the classifi cation of angiosperm families and our ideas of their 
relationships are moving forward rapidly; current studies have led and are leading to 
many signifi cant changes in our interpretations, largely following the important clues 
about relationship that have come from molecular comparisons between taxa. Because 
of the numerous examples of parallelism and evolutionary convergence among the 
angiosperms and their individual structures, some of the ideas gained by earlier, often 
meticulous analyses of morphological, anatomical, and even chemical features. The 
classifi cation presented in the current book should be understood as a summary of a 
life’s study of plants and the system that his insights support – the work of a very 
great botanist that takes into account not only his own meticulous studies but as much 
of the contemporary information as he was able to assimilate and take into account. 
Although future classifi cations will clearly go beyond the stage of development rep-
resented here, it is important to be able to benefi t from Armen Takhtajan’s insights 
into the features of fl owering plants and the ways in which the suites of characteris-
tics they present can be viewed in an evolutionary context.

Takhtajan is a botanist of the 20th century, and the views developed from his vast 
experience – he is nearly 100 years of age – richly deserve publication. Younger 
research workers and students will appreciate the opportunity to be informed of 
Armen Takhtajan’s ideas, and to be acquainted with the wide ranging data on where 
they are based. This book naturally draws extensively on the rich Russian literature in 
the fi eld of plant classifi cation, and many readers will fi nd ideas expressed that are of 
interest to them. The new insights and ideas in the book likewise will inspire new 
levels of thinking about the relationships between the families of angiosperms and 
their evolutionary history, including the convergent and parallel evolution of parti-
cular features.

Peter Stevens, one of the reviewers, has pointed out that additional evidence has 
accumulated regarding the relationships of many angiosperm families, and that com-
parisons of their DNA have revealed unsuspected similarities. Armen Takhtajan has 
taken into consideration some, but not all, of this evidence, and future treatments will 
result in major revisions of some of the concepts presented here. Importantly, 
he brings to our attention the pertinent Russian botanical literature, which is poorly 
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known in the West. This book presents challenging new ideas and insights clearly, 
and it is very important to publish for its demonstrated value as the fi nal work of a 
great scientist, representing the culmination of his experience and study.

It is also important to mention that this book summarizes the ideas and understand-
ing of a lifetime of investigation and thought by one of the most able and infl uential 
botanists of our time. Considering his age, it will probably be the last one. – Peter H. 
Raven, President and Director, Missouri Botanical Garden, St. Louis, Missouri, USA.

Short Biography

Armen Takhtajan was born on June 10, 1910 in Shusha, Nagorny Karabakh. He was 
graduated from the Institute of Subtropical Cultivation in Tbilisi (1929–1932). He got 
his Ph.D. (candidate of sciences) in Leningrad, 1938; and his Dr. Sci. (Doctor of 
Sciences) at the Yerevan State University, Armenia in 1943. He worked as Research 
fellow, at the Natural History Museum in Yerevan (1932–1937), and as Senior 
Botanist, at the Biological Institute in Armenia (1935–1943). He was also Lecturer 
and later Professor of Botany at the Yerevan State University (1936–1948); Director 
of Botanical Institute, Armenian Academy of Sciences (1943–1948); and Professor 
of Botany, Leningrad State University (1949–1960). He has been a member of the 
staff at the Komarov Botanical Institute, Russian Academy of Sciences since 1955, 
fi rst as a Chief of the Laboratory of Palaeobotany (1955–1987) and also as Director 
of the Institute (1976–1986). Now he is an Advisor of the Komarov Botanical 
Institute.

He is a full member (Academician) of the Armenian Academy of Sciences and of 
the Russian Academy of Sciences, foreign associate of the National Academy of 
Sciences of the United States of America, foreign member of Finnish Academy of 
Sciences and Letters, German Academy of Naturalists (Leopoldina), Polish Academy 
of Sciences, Norwegian Academy of Sciences, foreign member of the Linnaean 
Society of London. For many years he was President of the Soviet Union Botanical 
Society.

Armen Takhtajan was awarded the A.L. Komarov Award (1969), Russian State 
Award (1981), the Allerton Medal (1990) and Henry Shaw Medal (1997) for Botany, 
and he has 20 books and more than 300 scientifi c papers to his name. He served as 
editor for many books and series published in Russia, including the Botanisky 
Zhurnal. As an editor, he read and corrected the entire text line by line. The recent 
publication of this kind was the 6-volume series “Plant Life,” which serves for many 
high school and university students as a wonderful textbook.

Armen Takhtajan has been and is an individual of outstanding accomplishment 
and infl uence on the biological sciences both in Russia and throughout the world.



This book is a result of my almost half-century study of the morphology and  systematics 
of fl owering plants. It continues my work published in several of my previous books, 
especially “Systema Magnoliophytorum” (1987), published in Russian, and its contin-
uation and expansion – “Diversity and Classifi cation of Flowering Plants” (1997), 
 published in English. However, when writing this book of mine, I have inevitably 
 analyzed and considered the matter again and in many cases considerably changed the 
former conclusions. Here I present an essentially new version of my system.

My new revision of the system is based on a great amount of new information 
published in the last decade as well as on discussions and consultations with many of 
my colleagues. New taxonomic revisions of large groups, including families, and new 
comparative-morphological studies of various groups, including an increasing num-
ber of micromorphological (ultrastructural) studies, were especially important for 
phylogenetic inferences.

No less important was a rapidly increasing number of molecular taxonomic 
 studies, provided that they did not contradict the totality of other evidence.

I would like to thank Dr. Peter Stevens and Dr. James Reveal for reading the manuscript. 
Both of them made valuable suggestions that were very helpful  during the preparation 
of the fi nal version of the book.

My work on this book would be impossible without the great help of Tatiana 
Wielgorskaya. She has helped me not only in all kinds of computer work but also in 
the search of literature.

November, 2008 Armen Takhtajan
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Main Vectors of Evolution in Flowering 
Plants (The Criteria Used in Evaluating 
the Relative Degree of Their 
Advancement)

The vegetative characters there are many easily 
 rever sible characters, such as growth habit, arrange-
ment, size and form of leaves, but there are also many 
trends which either can be reversible with great diffi -
culty or are completely irreversible. In general, vegeta-
tive organs are characterized by more reversibility than 
reproductive organs. However, even the most revers-
ible characters usually reveal more or less defi nite 
 evolutionary trends.

Growth habit: The most primitive magnoliophytes 
are woody plants, and the herbaceous growth habit is 
always secondary (Jeffrey 1899, 1917; Hallier 1905, 
1912; Sinnott and Bailey 1914, and many subsequent 
authors including Eames 1961, and Stebbins 1974). 
The evolution of fl owering plants most probably begins 
with small, relatively weakly branched woody forms. 
According to Hallier (1912) the early angiosperms 
were small trees with a weak crown of relatively few 
thick branches, like the fossil bennettitaceous genus 
Wielandiella or some living cycads. Stebbins (1974), 
on the other hand, visualizes the earliest angiosperms 
as low-growing shrubby plants, having a continuous 
ring of secondary vascular tissue, and no single well-
developed trunk. Amongst the living primitive fl ower-
ing plants there are both trees (the majority) and shrubs 
(Eupomatia laurina, for example, is a shrubby plant 
with several trunks). It is diffi cult to say whether the 
earliest magnoliophytes were small trees or shrubs. The 
only thing we can say is that they were small woody 
plants, which occupied only a modest and insignifi -
cant position in the Early Cretaceous  vegetation. Big 

stately trees of tropical rain forest are derived, having 
originated from primitive, small, woody angiosperms. 
Trees with numerous slender branches evolved from 
sparingly branched trees. Deciduous woody plants 
evolved from evergreen ones.

The evolutionary trend from woody plants to herbs 
is not irreversible. In some phyletically distant taxa of 
fl owering plants the reverse process of the transform-
ation of herbaceous plants into arborescent plants took 
place, for example, in Ranunculaceae, Berberidaceae, 
Papaveraceae, Phytolaccaceae, Nyctaginaceae, Cheno-
podiaceae, Polygonaceae, Cucurbitaceae, Campa-
nulaceae-Lobelioideae, Asteraceae, and many liliopsids 
(including Agavaceae, Dracaenaceae, Philesiaceae, 
Smilacaceae, Poaceae – Bambusoideae, Arecaceae, 
Pandanaceae). But usually these secondary arbores-
cent plants, especially arborescent liliopsids, strikingly 
differ from the primary woody plants. As Stebbins 
(1974: 150) aptly remarks, “Palms and bamboos are as 
different from primitive preangio- spermous shrubs 
and trees as whales and seals are from fi shes”.

Branching: There are two main morphological 
types of branching in fl owering plants – monopodial 
and sympodial. Both these types are met in many fami-
lies and even within one and the same genus and 
change from one to the other with great ease. This 
makes the determination of the main direction of evo-
lution of the branching in fl owering plants somewhat 
diffi cult. The study of the most archaic extant magno-
liophytes indicates that perhaps the original type has a 
combination of monopodial and sympodial branching – 
well expressed, for example, in Magnolia. The vegeta-
tive branches of Magnolia are monopodial, but the 
short branches carrying the terminal fl owers develop in 
a strictly sympodial manner, and the apparently simple 
axis of such a branch is in fact a sympode of a certain 
number of shoots of an ascending series. The  sympodial 
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xiv Introduction

nature of a reproductive branch is determined by the 
fact that each of the component axes ends in a terminal 
fl ower, arresting its subsequent development. So the 
sympodial nature here is primary and not secondary as 
in the evolution of the vegetative branches. Monopodial 
branching is characteristic of many trees of the humid 
subtropical and particularly the humid tropical forest 
(Serebryakov 1955: 75). This is explained by the fact 
that the conditions of humid tropical and subtropical 
climates help in prolonged preservation of the terminal 
meristems of the stems so that the growth of the vege-
tative shoot occurs all the time through a continuously 
operating apical meristem, which leads to a vigorous 
development of the main axis and to a greater or lesser 
suppression of the lateral shoots. But in the extratropi-
cal regions as well as in the mountains of tropics and 
under the conditions of a dry tropical climate, the sym-
podial branching arises out of monopodial (Takhtajan 
1948, 1964; Serebryakov 1955). The growth of the 
annual shoots ends in the disappearance of their termi-
nal bud, which inevitably leads to the development of 
a large number of lateral buds and the formation of a 
larger number of lateral shoots. The main axis ceases 
to hinder the development of the lateral shoots, the 
intensity of branching is amplifi ed, and the crown 
becomes denser. The process of the origin of sympo-
dial branching out of the monopodial type is realized 
in the most diverse phyletic lines and at various levels 
of specialization. Sympodial branching is very wide-
spread in the herbaceous angiosperms. It is observed in 
almost all monocotyledons, where it is a direct result 
of the reduction of the cambium (Holttum 1955), and 
quite typical of the herbaceous dicotyledons as well. 
The biological advantages of sympodial branching is 
emphasized by Zhukovsky (1964: 125), who thinks 
that the successive dying off of the terminal buds should 
be considered as a very useful adaptation. According to 
Serebryakov, sympodial renewal was in addition a 
 vigorous tool for intensifying vegetative reproduction 
(1952: 278). Lastly, in his opinion, the dying off of the 
shoot apex or the terminal buds under sympodial growth 
provides for an earlier “maturing” of the shoots, their 
transition to the state of dormancy, and an intensifi ca-
tion of the hardiness of the trees and shrubs.

Leaves and leaf arrangement: The leaves of primi-
tive living fl owering plants are mostly simple, entire, 
pinnately nerved, coriaceous and glabrous. This indi-
cates that the simple entire leaf with pinnate venation 
is primitive (Parkin 1953; Takhtajan 1959, 1964; 

Eames 1961; Cronquist 1968; Hickey 1971; Stebbins 
1974), and it is very likely that the leaves of the earliest 
angiosperms were more or less similar. But this is not 
certain – they may have been of a still more primitive 
type. In Stebbins’s (1974: 331) opinion, “The leaves of 
the original angiosperms are believed to have been 
elliptical, obovate, or spatulate in outline, and tapered 
at the base to an indistinct petiole.”

Simple, pinnately-nerved leaves are ancestral to 
pinnately-lobed, pinnatifi d, and pinnatisect leaves with 
pinnate venation. Both pinnatisect and palmatisect 
leaves gave rise to compound leaves – pinnately com-
pound in one case and palmately compound in the 
other. These trends in leaf evolution are reversible. 
Such reversal is well documented in some instances, 
such as the genera Berberis and Citrus.

The most primitive type of venation is pinnate vena-
tion with brochidodromous secondaries, especially 
leaves which are characterized by the general irregular-
ity of their venation, expressed in such features as the 
highly irregular size and shape of areas between 
 secondary veins, the irregularly ramifying courses and 
poor differentiation of the tertiary and higher vein orders 
(Hickey 1971; Hickey and Doyle 1972; Doyle and 
Hickey 1976). Among the living fl owering plants this 
primitive type occurs in some members of Winteraceae, 
Canellaceae, Magnoliaceae, and Himantandraceae. All 
other types of pinnate venation are derived.

Palmate (actinodromous) venation evolved from 
pinnate venation, and in its turn gave rise to various 
types of campylodromous and acrodromous venation. 
The most advanced type is parallel (parallelodromous), 
which is characteristic for the majority of liliopsids and 
for some magnoliopsids. But parallel venation is not a 
climax type, and in some taxa of liliopsids, such as the 
Smilacaceae, Dioscoreaceae and Stemonaceae, it gave 
rise to reticulate venation with free vein-endings.

Among the various types of leaf vernation (ptyxis) 
the most primitive is conduplicate vernation with lam-
ina folded once adaxially along midrib (Takhtajan 
1948), which is characteristic for some primitive taxa 
including Magnoliales.

In the evolution of leaf arrangement (phyllotaxy), 
the most primitive is alternate arrangement. Both the 
opposite and verticillate types are derived from the 
alternate arrangement. But as Cronquist (1968) points 
out, the origin of opposite leaves from alternate leaves 
is not immutable and is subject to reversal. In his opin-
ion, among the family Asteraceae it is perfectly clear 
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that opposite leaves are primitive and alternate leaves 
are advanced. As regards verticillate leaves, they are 
probably less reversible.

Stomatal apparatus: The stomatal apparatus of 
fl owering plants is characterized by diversity of struc-
ture. Stomata may be surrounded either by ordinary 
epidermal cells (the anomocytic type characteristic of 
Ranunculaceae, Berberidaceae, Liliaceae, and many 
other families), or by two or more subsidiary cells 
morphologically distinct from the other epidermal 
cells (paracytic, tetracytic, anisocytic, diacytic, actino-
cytic, and other types).

There are two basic types of development of 
 stomata with subsidiary cells – perigenous and meso-
genous. There is also an intermediate mesoperigenous 
(Pant 1965). In the evolution of seed plants the 
 perigenous type preceded the mesogenous type (Florin 
1933, 1958), but the fl owering plants most probably 
began with the mesogenous type. This is supported by 
the occurrence of the mesogenous (and mesoperi-
genous) type in such archaic families as Degeneriaceae, 
Himantandraceae, Magnoliaceae, Eupomatiaceae, 
Annonaceae, Canellaceae, Winteraceae, and Illiciaceae. 
Moreover, the stomatal apparatus of the mesogenous 
and mesoperigenous Magnoliidae is of the paracytic 
type (accompanied on either side by one or more sub-
sidiary cells parallel to the long axis of the pore and 
guard cells). Mesogeneous paracytic stomata are the 
most primitive and initial type of the magnoliophyte 
stomatal apparatus (Takhtajan 1966, 1969; Baranova 
1972, 1985, 1987a, b). All other types of stomata, 
including the anomocytic type which is devoid of 
 subsidiary cells, are derived.

As regards stomatal ontogeny, most of the morpholo-
gical types of stomatal complexes with subsidiary cells are 
in fact ontogenetically heterogenous (Baranova 1987a).

Nodal structure: It is generally agreed that in 
 gymnosperms the unilacunar node structure is more 
primitive, and the multilacunar nodes of cycads and 
Gnetum are derived. But the evolutionary trend in 
nodal structure of angiosperms is much more debat-
able. In addition to unilacunar and multilacunar nodal 
types in fl owering plants there is a third type, the trila-
cunar, unknown in gymnosperms. The presence of 
three different types of nodal structures complicates 
the situation and makes more diffi cult the ascertain-
ment of the evolutionary trends in angiosperms.

At different times and by different authors each of 
these three types has been accepted as the most 

 primitive and basic nodal structure in angiosperms. 
The study of all the available data accumulated in 
 literature brings me to the conclusion, that Sinnott’s 
(1914) theory of the primitiveness of the trilacunar 
type, based on the extensive reconnaissance of 164 
families of dicotyledons, is nearest to the truth. It also 
much better  corresponds to the widely accepted theory 
of the primitiveness of the magnolialian stock. The 
presence of trilacunar nodes in such an archaic family 
as the Winteraceae, as well as in Himantandraceae, 
Annonaceae, Canellaceae, Myristicaceae, Tetracentra-
ceae, Cercidiphyllaceae, and in the orders Ranuncu-
lales, Hamamelidales, Caryophyllales, Dilleniales and 
Violales is very suggestive. But some members of the 
Magnoliales are penta- or multilacunar. Such an 
extremely primitive genus as Degeneria has pentalacu-
nar nodes (Swamy 1949; Benzing 1967) and in the 
genus Eupomatia, which in its vegetative anatomy is 
one of the most primitive among the vessel-bearing 
angiosperms, the nodes are multilacunar (Eames 1961; 
Benzing 1967). The nodal structure of the Magnoliaceae 
is usually also multilacunar (6–17 gaps), except in the 
relatively primitive genus Michelia, which is tri- 
pentalacunar (see Ozenda 1949). This distribution of 
 tri-, penta- and multilacunar types most probably 
 indicates that tri- and pentalacunar nodes are more 
primitive and multilacunar nodes are derived. But it is 
much more diffi cult to decide which of these two types, 
trilacunar and pentalacunar, is the basic one. In my 
opinion it is quite possible that the earliest angiosperms 
were  tri-pentalacunar, like the living genus Michelia.

The unilacunar nodal structure, which Sinnott 
(1914) considered as having arisen by reduction from 
the trilacunar, is according to Marsden and Bailey 
(1955) the most primitive and basic nodal type in all 
seed plants, including angiosperms. They considered 
the primitive node to be the unilacunar type with two 
discrete leaf traces. This new concept of nodal evolu-
tion was based on the fact that the unilacunar node 
with two distinct traces is characteristic not only for 
some ferns and gymnosperms (as was well-known 
 earlier), but also occurs in certain dicots (Laurales, 
 certain Verbenaceae, Lamiaceae and Solanaceae). Also 
it is repeatedly found in the cotyledonary node of 
 various fl owering plants. Bailey (1956) concluded that 
we could no longer think of the unilacunar node of 
dicotyledons as having arisen by reduction from the 
trilacunar; in his opinion, “during early stages of the 
evolution and diversifi cation of the dicotyledons, or of 
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their ancestors, certain of the plants developed 
 trilacunar nodes, whereas others retained the primitive 
unilacunar structure.” Canright (1955), Eames (1961), 
Fahn (1974) and several other anatomists have even 
more strongly favored the primitiveness of the unilacu-
nar node with two traces, which they consider the basic 
type in the evolution of angiosperm nodal structure. 
But there are also objections. Thus Benzing (1967) has 
pointed out that the occurrence of plants with two-trace 
unilacunar nodal structure proposed as primitive by 
Marsden and Bailey (1955) is limited to a few families 
characterized by derived decussate phyllotaxy and 
many specialized fl oral characters. He also correctly 
points out that the anatomy of cotyledonary nodes does 
not necessarily refl ect ancestral conditions in the 
mature stem. “The unique seedling morphology and 
decussate insertion of the cotyledons make this 
unlikely,” says Benzing. He comes to the conclusion 
that either the unilacunar node with one trace or the 
trilacunar node with three traces is more likely to be 
primitive in the angiosperms than the unilacunar node 
with two traces. Bierhorst (1971) is also very skeptical 
about the theory of primitiveness of two-traces unila-
cunar type and says that “the issue is far from settled”.

In my opinion neither of the two types of unilacunar 
nodes is primitive and basic in fl owering plants. The 
unilacunar nodal structure is characteristic mostly for 
the advanced taxa. In the Magnolianae the unilacunar 
node is present only in orders Laurales and Illiciales, 
which are considerably more advanced than the 
Magnoliales. The only unilacunar members of the 
whole subclass Hamamelididae are Euptelea and 
Casuarina. On the other hand it is signifi cant that the 
unilacunar node is characteristic for such advanced 
orders as Ericales, Ebenales, Primulales, Myrtales, 
Polygalales, Gentianales, Polemoniales, Scrophulariales, 
Lamiales and Campanulales. Among the gamopetalous 
dicotyledons only Plan-taginaceae and Asteraceae are 
exceptions. In some orders, such as Celastrales and 
Santalales, it is possible to follow the transition from 
the trilacunar to the unilacunar type, which occurs along 
with general specialization of the vegetative organs. It 
is particularly well shown in the family Icacinaceae 
(see Bailey and Howard 1941). One may see the same 
evolutionary trend in the series Dilleniales – 
Theales. All these facts lead to the conclusion that the 
unilacunar type of nodal structure is secondary in 
 fl owering plants, having originated from the basic 
 tri-pentalacunar type.

Wood anatomy: One of the most reliable and well 
documented evolutionary trends thus far revealed 
among the fl owering plants is the derivation of vessel 
members (elements) from tracheids with scalariform 
bordered pits. And what is more, “this particular 
 phylogenetic sequence clearly is a unidirectional and 
irreversible one, and cannot be read in reverse” (Bailey 
1956: 271). Vessels evolved entirely independently in 
diverse lines of evolution of angiosperms. They 
 originated independently not only in dicotyledons and 
monocotyledons, but even independently in some major 
taxa of these two classes. But in all the cases the 
 evolution of vessels was unidirectional and  irreversible 
from vessel members with scalariform  perforations to 
vessel members with simple perforations. With this 
main trend in the evolution of vessels are more or 
less correlated (but not always synchronized) other 
trends in specialization of vessel members (see any 
modern textbook of plant anatomy).

As comparative anatomical studies of the phloem 
from Hemenway (1913) onwards have shown, the 
sieve elements of primitive angiosperms are long and 
narrow with very oblique end wall, as, for example, in 
Drimys. This is in agreement with the fi nding that the 
sieve elements in ferns and gymnosperms are long and 
pointed with no pronounced differences between the 
side and end walls. The absence of companion cells in 
the phloem of gymnosperms and ferns gives us good 
reason to suspect that the earliest angiosperms were 
also devoid of them.

Wood parenchyma (occurring as longitudinal 
 parenchyma strands) in early angiosperms was either 
very scanty (Hallier 1908, 1912) and apotracheal 
( independent of the tracheal elements in distribution) 
or, more probably, was absent. Carlquist (1962) 
 considers absence of parenchyma as primitive. The 
most  primitive type of ray tissue system is a 
 heterogenous ray  system which consists of two kinds 
of rays: one heterocellular-multiseriate composed of 
elongated or nearly  isodiametric cells in the multiseri-
ate part and upright cells in the uniseriate marginal 
parts which are longer than the multiseriate part; the 
other homocellular- uniseriate composed entirely of 
upright (vertically elongated) or of upright and square 
cells. Such rays are met with in many living angio-
sperms with relatively primitive wood (Kribs 1935; 
Metcalf and Chalk 1950; Eames 1961; Esau 1965).

Extensive comparative anatomical studies have 
revealed trends in evolution of xylem fi bers (from 
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 tracheids, through fi ber-tracheids, to libriform fi bers), in 
radial and axial parenchyma, sieve tubes, plastids in sieve 
elements, and other structures. All these trends are impor-
tant as criteria which one can use in  evaluating the rela-
tive degree of specialization of the conducting system.

Infl orescences: Among living fl owering plants 
 solitary fl owers, both terminal and axillary, probably 
represent the surviving members of reduced 
 infl orescences (Eames 1961; Stebbins 1974). In the 
Winteraceae, for example, the solitary terminal fl ower 
of Zygogynum represents “the end of a reduction 
series” (Bailey and Nast 1945).

The various forms of infl orescence are divided into 
two major categories – cymose, determinate or “closed” 
and racemose, indeterminate or “open.” The boundary 
between these two basic groups is not sharp and there 
are many intermediate and combined forms. Never-
theless for phylogenetic purposes this traditional 
 classifi cation is much more suitable than Troll’s 
(1928) typological classifi cation which is based on 
Aristotelian logic and the tenets of methodological 
essentialism rooted in Plato’s idealistic philosophy.

Of two basic groups of infl orescences, the cymose 
infl orescence is more primitive and the racemose 
infl orescence is derived (Parkin 1914). Weberling 
(1965) also comes to the conclusion tat in general the 
polytelic type is more highly evolved than and  perhaps 
derived from the monotelic type. The most primitive 
form of cymose infl orescence is probably a simple, 
few-fl owered terminal leafy cyme (Takhtajan 1948, 
1959, 1964; Stebbins 1974). Such a leafy cyme one 
can see for example in Paeonia delavayi or in some 
primitive ranunculaceous genera. In various evolu-
tionary lines the primitive leafy cyme has given rise to 
more specialized forms.

By means of repeated branching the simple cyme 
gives rise to compound cymes – pleiochasium, 
 compound dichasium, and cymose panicle. In some 
evolutionary lines the compound cymes undergo 
 drastic transformations and give rise to very special-
ized types such as the capitate infl orescences of some 
 species of Cornus, of Dipsacaceae and of certain 
Valerianaceae and Rubiaceae and especially the infl o-
rescences of Urticaceae, Moraceae, Betulaceae, 
Fagaceae and Leitneriaceae.

In some genera and even families, for example in 
Caryophyllaceae, the compound monochasium results 
by the suppression of one of the two branches of each 
ramifi cation of the compound cyme.

From the compound cyme evolved the raceme, 
which is the most primitive form of the racemose 
infl orescence. The transitions from pleiochasium to 
raceme may be observed in the genera Aconitum and 
Thalictrum or in the Papaveraceae-Fumarioideae and 
in the Campanulaceae (Parkin 1914; Takhtajan 1948). 
The simple raceme gives rise to the compound 
raceme, the spike, and the umbel. The umbel in its 
turn gives rise to a still more specialized form of 
 racemose infl orescence – the capitulum s.str. or 
 calathidium. It characterizes certain Apiaceae, as 
Eryngium and Sanicula. The ancestry of the capitu-
lum in the Calyceraceae and Asteraceae is more 
debatable, and no opinion is offered here.

The diversity of the types of infl orescences is 
strengthened by the presence of different and  sometimes 
very complex combinations of their basic types. 
Examples of such secondary or composite infl ores-
cences (infl orescentiae compositae) are compound 
umbels of Apiaceae or catkinlike compound infl ores-
cences of Betula, Alnus, or Corylus.

It is most interesting that frequently the ways and 
trends of evolution of secondary infl orescences repeat 
those of primary infl orescences. In many cases, the 
secondary infl orescences imitate the architecture of 
the primary one. Such are, for example, the catkinlike 
infl orescences of Betulaceae, which are so similar to 
aments of Salix. Even more remarkable are the second-
ary capitula of some Asteraceae, for example those of 
Echinops, which are externally almost indistinguish-
able from the simple (elementary) capitula. It is also 
interesting that there is a remarkable parallelism in 
evolution of composite and elementary capitula of 
Asteraceae.

General fl oral structure: The most primitive and 
archaic fl owers, like those of Degeneria and 
Winteraceae, are of moderate size with a moderately 
elongated receptacle. Stebbins (1974) concluded that 
the original angiosperms had fl owers of moderate size, 
which is in harmony with the hypothesis that they were 
small woody plants inhabiting pioneer habitats that 
were exposed to seasonal drought. It is also in harmony 
with my hypothesis of the neotenous origin of fl ower-
ing plants, according to which they arose under 
 environmental stress, probably as a result of adaptation 
to moderate seasonal drought on rocky, mountain 
slopes in an area with monsoon climate (Takhtajan 
1976). Under such conditions fl owers of moderate (or 
even less than moderate) size would be better adapted 
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than the large fl owers postulated by Hallier (1912) and 
Parkin (1914).

Large fl owers, like those of some Magnoliaceae 
and Nymphaeaceae, of Peruvian ranunculaceous 
Laccopetalum giganteum, and especially very large 
fl owers (Raffl esia arnoldii) are of secondary origin and 
evolved in response to selection pressure for different 
methods of pollination. Small and especially very 
small fl owers are also derived and their origin is  usually 
correlated either with the specialization of infl ores-
cences or with the reduction of the whole plant.

The most primitive fl owers have a more or less 
indefi nite and variable number (but not necessarily a 
large number) of separate parts arranged spirally 
upon a moderately elongated fl oral axis. The progres-
sive shortening of the fl oral axis brings fl oral parts 
closer together and gives rise to the gradual transition 
from spiral to cyclic arrangement and to the fi xation 
of the number of parts. At its earlier evolutionary 
stages this progressive shortening is reversible, and in 
some  relatively archaic taxa, such as Magnoliaceae 
( especially Magnolia pterocarpa), Schisandra or 
Myosurus, the elongated receptacle is of secondary 
origin. Another result of shortening of the fl oral axis is 
a gradual fusion of fl oral parts – their connation and 
adnation. Partial or overall reduction of the fl ower 
occurs in many evolutionary lines.

Although in the original fl owering plants there 
probably was no corolla yet (Hallier 1912) and the 
perianth consisted entirely of modifi ed bracts (sepals), 
in modern angiosperms the presence of petals is a 
primitive condition and their absence is derived. 
Petals are a later evolutionary acquisition. It is 
almost  generally agreed that they are of dual origin – 
in some groups, such as Magnoliales, Illiciales, and 
Paeoniales, they are of bract origin, whereas in the 
majority of fl owering plants, including Nymphaeales, 
Ranunculales, Papaverales, Caryophyllales and 
Alismatales, they are modifi ed stamens. To designate 
these two types of petals Kozo-Poljanski (1922) aptly 
coined the terms “bracteopetals” and “andropetals”. 
Bracteopetals occur in more archaic taxa and evidently 
appeared earlier, they also connected with generally 
more primitive pollination mechanisms and with less 
specialized pollinators. Andropetals, on the contrary, 
are usually connected with more advanced types of 
pollination.

Among the living angiosperms there are probably 
no primary apetalous plants. Flowers with vestigial 

petals, with petals transformed into glands, or devoid 
of petals are secondary, derived from fl owers with 
 normally developed and functioning petals.

Androecium: Comparative studies of the stamens of 
fl owering plants leads to the conclusion that within 
 living angiosperms the most primitive type of stamen 
is a broad, laminar, three-veined organ not differenti-
ated into fi lament and connective, and produced beyond 
the microsporangia; it develops four slender elongated 
microsporangia embedded in its abaxial or adaxial 
 surface between the lateral veins and the midvein (see 
especially Bailey and Smith 1942; Ozenda 1949, 1952; 
Canright 1952; Moseley 1958; Eames 1961; Foster 
and Gifford 1974). Canright (1952) regards the stamen 
of Degeneria, as “the closest of all known types to a 
 primitive angiosperm stamen.” It is important to note, 
however, that in Degeneria, Galbulimima, Lactoris, 
Annonaceae, Belliolum (Winteraceae) and Lirio-
dendron the microsporangia occupy the abaxial 
surface (and therefore the stamens are extrorse), 
whereas in the Magnoliaceae (except Liriodendron), 
Austrobaileyaceae and Nymphaeaceae they are situ-
ated on the adaxial surface (the stamens being introrse). 
In my opinion both the abaxial and adaxial position 
have been derived from a common ancestral type, 
which could only have been the  marginal. Thus we 
must come to the logically inescapable conclusion that 
in the ancestors of living Magnoliales the microspo-
rangia were marginally situated on the microsporo-
phylls (Takhtajan 1948, 1959, 1964, 1969). Were the 
original microsporophylls of angiosperms fl attened 
organs, entire or pinnate, or were they branched 
 three-dimensional structures? In my opinion the 
 stamens of the earliest angiosperms or of their immedi-
ate ancestor were leaf-like pinnate microsporophylls 
with marginally situated microsporangia, which in 
their turn originated from the branched and three- 
dimensional structures of the more remote ancestors.

Many authors, among them Ozenda (1952), 
Canright (1952), Moseley (1958), Eames (1961) and 
Cronquist (1968) consider that the immersion of the 
microsporangia in the tissue of the stamen is a 
 primitive feature. In Degeneria and Galbulimima the 
microsporangia are deeply sunk in the tissue of the 
stamen, as they are in the Magnoliaceae (except 
Liriodendron) and Victoria amazonica. This immer-
sion of the microsporangia is probably a result of the 
neotenous origins of stamens and the fl ower as a whole 
(Takhtajan 1976).
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All the accumulated evidence indicates that the 
 stamen is not a surviving solitary branch of the ances-
tral compound organ, but an individual organ which is 
homologous to an entire microsporophyll. As regards 
the stamen fascicles and the branched system like that 
of Ricinus, these are of secondary origin and are not 
homologous to the ancestral compound microsporan-
giate organ (see Eames 1961).

During evolution changed not only the number and 
arrangement of stamens but also the mode of their 
sequence of ontogenetic development (Payer 1857; 
Corner 1946). The initial and most widespread type of 
development is the centripetal (acropetal), when the 
development of androecium follows the development 
of the perianth in the normal sequence, spiral or cyclic. 
The fi rst to develop in this case are the outermost 
( lowermost) stamens and then, successively, the inner 
ones. This type is characteristic for all spiral androecia 
(like those of Magnoliaceae, Annonaceae, Nympha-
eaceae, Nelumbonaceae, Ranunculaceae), for cyclic 
oligomerous androecia, such as those of the Papa-
veraceae, Rosaceae, Fabaceae – Mimosoideaea, or 
Myrtaceae. In the centrifugal androecium, there is a 
break between the order of development of perianth 
and androecium caused by the intercalation of new 
stamens. The centrifugal development arose from the 
centripetal (Corner 1946; Ronse Decraene and Smets 
1987). It is characteristic of the Glau-cidiaceae, 
Paeoniaceae, probably some Phyto-laccaceae with 
numerous stamens, Aizoaceae, Cactaceae, Dilleniaceae, 
Actinidiaceae, Theaceae, Clusiaceae, Lecythidaceae, 
many Violales, some Capparaceae, Bixaceae, Colchlo-
spermaceae, Cistaceae, Tiliaceae, Bombacaceae, 
Malvaceae, the genus Lagerstoemia (Lythraceae), 
Punicaceae, Loasaceae, Limnocharitaceae, and some 
other taxa. In some families such as Ochnaceae, 
Begoniaceae, Lythaceae, and Loasaceae, there are both 
types of  stamen development. Therefore, the distinction 
between centrifugal and centripetal types of development 
is by no means clear-cut and there are some transitional 
forms (Sattler 1972; Philipson 1975; Sattler and Pauzé 
1978; Ronse Decraene and Smets 1987). According to 
Leins (1964, 1975), the difference between centripetal 
and centrifugal development depends on the shape of 
the receptacle: a concave receptacle would give rise to 
a centripetal development, while on a convex receptacle 
only a centrifugal development would be possible. But 
this is not a general rule (Hiepko 1964; Mayr 1969; 
Ronse Decraene and Smets 1987).

Microsporangia, microsporogenesis and pollen 
grains: Stamens most commonly contain four nicro-
sporangia arranged in two pairs. Only in some taxa, 
such as Circaeasteraceae, Epacridaceae, certain 
Diapensiaceae, Bombacaceae, Malvaceae, Adoxaceae, 
Philydraceae, Restionaceae, the stamens contain only 
two microsporangia. Very rarely, as in Arceuthobium 
(Viscaceae) there is only one microsporangium. 
Multisporangiate stamens of some taxa, e.g., in 
Rhizophoraceae, result from partition of the sporoge-
neous tissue by sterile plates.

There are two structural and functional types of 
tapeta, distinguished on the basis of cell behavior dur-
ing microsporogenesis: the secretory or glandular 
tapetum, the cells of which remain intact and persist in 
situ but, after meiosis at the tetrad stage, or at the 
beginning of the free microspore stage, and sometimes 
as late as at the stage of two-celled pollen grains, 
become disorganized and obliterated, and the plasmo-
dial or amoeboid tapetum, characterized by the 
 breakdown of the cell walls before meiosis and protru-
sion of the protoplasts into the locule and fusion to 
form a multinucleate plasmodium. Besides, unusual 
cyclic-invasive type of tapetum has been found lately 
(Rowley et al. 1992; Gabarayeva and El-Ghazaly 
1997). The overwhelming majority of families of fl ow-
ering plants, including the majority of the most archaic 
taxa, is characterized by the secretory tapetum. In 
additions, some primitive characters are correlated 
with a secretory tapetum (Sporne 1973; Pacini et al. 
1985). On the other hand, the plasmodial type usually 
occurs in relatively more advanced groups. As 
Schürhoff (1926) pointed out, the presence of plasmo-
dial tapetum is closely correlated with an advanced 
character such as tricelled pollen grains.

The ways of dehiscence of the mature anther has 
also some systematic and evolutionary signifi cance. 
The commonest and the most primitive dehiscence is 
the longitudinal dehiscence along the fi ssure ( stomium), 
situated between a pair of microsporangia. The longi-
tudinal dehiscence is of two types: by one simple 
 longitudinal slit or by two longitudinal valves. The 
second type is characterized by additional, transverse 
slits usually at both ends of the longitudinal slit, which 
results in two windowlike lateral valves (see Endress 
and Hufford 1989; Hufford and Endress 1989). 
Whereas the dehiscence by simple longitudinal slit is 
very common, the second type is characteristic of 
many Magnoliidae and Hamamelididae with more or 
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less massive anthers and evidently derived from the 
fi rst type. “Possibly, only the predisposition for easily 
developing valvate dehiscence was present in the 
 original angiosperm stamen that dehisced via simple 
 longitudinal slits. This predisposition would have been 
lost in more advanced angiosperms” (Endress and 
Hufford 1989: 79). More specialized is a valvate dehis-
cence in Laurales and Berberidaceae, which typically 
arises by the opening of the thecal wall outward 
 producing  apically hinged fl aps that lift upward at 
dehiscence. One of the most advanced types of dehis-
cence is the poricidal dehiscence, when pollen is 
released from a small opening situated at one end 
( distal or proximal). Examples of the latter are: 
Ochnaceae, Ericaceae, Myrsinaceae, some Fabaceae, 
the majority of Melastomaceae, Tremandraceae, 
Solanaceae. There are also other specialized modes of 
dehiscence including transverse dehiscence (e.g., 
Alchemilla, Hibiscus, Euphorbia, Chrysosplenium).

The microspore tetrads are formed by two patterns 
determined by the mechanism of cytokenesis in 
microspore mother cells. In the successive type, the 
developing cell plate is formed at the end of meiosis I, 
dividing the microsporocyte into two cells; in each of 
these two cells, the second meiotic division takes place, 
followed again by centrifugal formation of cell plates. In 
the simultaneous type, on the other hand, no wall is 
formed after meiosis I; division occurs by  centripetally 
advancing constriction furrows, which  usually fi rst appear 
after the second meiotic division, meet in the center, and 
divide the mother cell into four parts. The constriction 
furrows originate at the surface of the mother cell and 
develop inwardly, resulting in the  formation of walls that 
divide the microsporocyte into four microspores.

It is diffi cult to say which of the two types of 
microsporogenesis is more primitive. Although some 
authors (including Schürhoff 1926 and Davis 1966) 
consider the successive type as the more primitive, 
there is no defi nite correlation between this type and 
archaic Magnoliidae and Ranunculidae. The majority 
of Magnoliidae and Ranunculidae are characterized by 
simultaneous microsporogenesis.

The pollen wall, as a rule, consists of two main 
 layers – the inner one, called intine, and the outer one, 
called exine. The exine typically consists of two layers – 
the inner layer endexine and the outer layer ectexine. 
Endexine may be found as a continuous layer (some-
times very thick, as in Lauraceae) or only in apertural 
regions, in some taxa it is absent.

In an overwhelming majority of fl owering plants 
the ectexine is well developed and stratifi ed. The exine 
structure and ornamentation (sculpturing) is extremely 
varied and, at the same time, very constant within the 
taxonomic groups and has a large systematic and evo-
lutionary signifi cance. The ectexine consist of two 
basic layers – a roof-like outer layer or tectum and an 
infratectal layer. The latter is of two main types – 
 granular and columellar. Granular structure is charac-
terized by an infratectal layer consisting of more or 
less densely aggregated, equidimensional granules of 
sporopollenin. The tectum, which is not always notice-
able, is composed of more densely aggregated  granules. 
Doyle et al. (1975: 436) suspect that at least some of 
the apparently homogenous “atectate” exine of Walker 
and Skvarla (Walker and Skvarla 1975), revealed in 
some of the most archaic Magnoliidae such as 
Degeneria and Eupomatia, are extreme members of 
the granular category, with very closely aggregated 
granules. The predominant type of infratectal structure 
is columellar, which characterized by radially directed 
rods of lineary fused sporopollenin granules, the 
 columellae. Comparative studies of the ectexine ultra-
structure suggest an evolutionary trend from granular 
ectexine to incipient rudimentary columellae and from 
the incipient columellae to fully developed columellar 
structure. The great majority of fl owering plants have 
tectate columellate pollen (the heads of the columellae 
extend laterally over the intercolumellar spaces form-
ing tectum). In the most primitive type of collumellar 
ectexine the tectum is devoid of any kind of holes or 
perforations (Walker 1974a). The tectate-imperforate 
(Walker 1974a) or completely tectate ectexine (Hideux 
and Ferguson 1976) is found in various groups of 
 fl owering plants both archaic and advanced. The next 
 evolutionary stage of the tectum structure is the perfo-
rate (Walker 1974a, Hideux and Ferguson 1976). In 
the perforate tectum, the holes or tectal perforations 
(lumina) are always small (e.g., in some Annonaceae 
and Myristicaceae) and the columellae are invisible 
through them. When perforations enlarge so that their 
diameter becomes greater than the width of the pollen 
wall between them (muri), e.g., in Winteraceae, 
Illiciaceae, and Schisandraceae, the exine becomes 
semitectate (Walker 1974a). For this partial tectum, 
the visibility of columellae in oblique view through the 
lumina is characteristic (Hideux and Ferguson 1976). 
When the tectum is completely lost, e.g., in some 
Annonaceae, Myristicaceae, and Salicaceae, and there 
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are only free, exposed columellae or their modifi ed 
derivatives, we have intectate exine (Walker 1974a). 
The culmination of an evolutionary trend is the origin 
of the almost exinless pollen with a much expanded 
and highly structured intine.

Most pollen grains have specially delimited apertures – 
generally thin-walled areas or openings in the exine 
which serve as exits through which the pollen tubes usu-
ally emerge. The apertures of fl owering plants pollen 
grains are characterized by a great diversity and are of 
various types. Various types of apertures correspond to 
different levels of specialization, and the  signifi cance of 
these types is very important in determining the general 
level of organization of some taxon or other. The aper-
tural arrangement in the angiosperm pollen grains 
evolved from distal through zonal to global.

As long ago as 1912 Hallier concluded that the most 
primitive type of pollen grain is characterized “par une 
seui pore germinal,” by which he apparently meant 
aperture and not a pore in the strict sense of the word. 
Later it was shown that the most primitive angiosperm 
pollen grain is a type with one distal germinal furrow 
(distal colpus or “sulcus”) in the sporoderm (Wode-
house 1936; Bailey and Nast 1943; Takhtajan 1948, 
1959, 1964; Eames 1961; Cronquist 1968; Doyle 1969; 
Muller 1970; Sporne 1972; Stebbins 1974; Walker 
1974b, 1976a, b; Walker and Doyle 1975; Straka 1975; 
Meyer 1977). Such monocolpate (“unisulcate”) pollen 
grains still have a continuous aperture membrane 
devoid of special openings (ora) in the exine for the 
emergence of the pollen tube. The distal furrow has 
given rise to a few other types of distal apertures.

In some taxa, there are two parallel, morphologi-
cally distal furrows instead of one (dicolpate or 
“ bisulcate” pollen grains) or even three parallel  furrows. 
In some other taxa, including both dicotyledons and 
monocotyledons, the distal colpus has been  transformed 
into a peculiar three-armed (very rarely four-armed) 
distal aperture (trichotomocolpate pollen grains). In 
some primitive angiosperms, including Eupomatia and 
Nymphaeaceae, the distal aperture has changed its 
polar position and forms one more or less continuous 
subequatorial or equatorial ring-like or band-like, 
encircling aperture, or several apertures parallel to each 
other (zonacolpate or “zonasulculate” pollen grains). 
Intermediate stages in the evolution of the zonacolpate 
type may be observed in the pollen of Nymphaea 
(Walker 1974b). More frequently, as a result of 
 complete reduction of the aperture, monocolpate grains 

give rise to inaperturate ones. In the inaperturate type 
the whole exine, which is thin, is a kind of global 
 aperture. But the main trend in distal aperture evolu-
tion is the transformation of the distal colpus into a 
distal pore, which is characteristic for many monocoty-
ledons. In monocotyledons monocolpate pollen grains 
have also given rise to two-polyporate pollen grains, 
like those in the Alismatales. In some dicotyledons 
(Chloranthaceae) monocolpate pollen grains give rise 
to polycolpate pollen, but the main trend of evolution 
of sporoderm apertures in dicotyledons is from mono-
colpate to tricolpate and from tricolpate to tricolporate. 
According to Straka (1963, 1975) and Wilson (1964) 
the trichotomocolpate aperture, characteristic of some 
of the pollen of members of the Winteraceae and 
Canellaceae, represents an intermediate stage between 
the monocolpate and tricolpate condition. But nobody 
has seen any intermediate stage between the trichoto-
mocolpate and tricolpate types, and as Cronquist 
(1968) has pointed out, several families of monocoty-
ledons including the palms, have trichotomous furrows 
in the pollen of some species, but here this has not led 
to the typical tricolpate grains so  commonly seen in 
the dicotyledons.

According to Walker (1974b; Walker and Doyle 
1975), the tricolpate aperture, as well as distally dicol-
pate (“disulculate”), polycolpate and forate apertures 
are derived de novo from inaperturate pollen grains. 
I agree that all these apertures types originated de 
novo, but I can not accept their derivation from the inap-
erturate type. Typical inaperturate pollen grains have a 
specialized sporoderm with a more or less reduced, thin 
exine and a usually thick intine. Functions of the aper-
ture are transferred to the whole of the exine which is 
transformed into a global aperture. The inaperturate 
sporoderm is a climax type which hardly can give rise to 
any type of aperturate pollen grain.

In my opinion the tricolpate condition arose not as 
a result of the gradual transformation of the monocol-
pate aperture, but rather as a result of evolutionary 
deviation of the earlier stages of sporoderm develop-
ment from their previous course (Takhtajan 1948, 
1959, 1964). It originated de novo from monocolpate 
pollen grains. The sporoderm of monocolpate pollen is 
less specialized than that of the inaperturate type and 
therefore is more liable to radical changes in the num-
ber and position of apertures. In some cases (in the 
Canellaceae, for example) polycolpate pollen grains 
have also evolved the same way.
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Tricolpate pollen grains have given rise indepen-
dently in a number of major taxa of fl owering plants to 
polycolpate pollen, as well as to polyrugate, triporate 
and polyporate (including pantoporate) types.

The next grade of tricolpate and tricolpate-derived 
pollen is the origin of composite apertures – 
 tricolporate, polycolporate, tripororate, polypororate 
(including panpororate). The highest stage of the evo-
lution of the pollen grains in dicotyledons is tri- 
multiaperturate pollen with composite apertures.

Carpels, gynoecium and placentation: The most 
primitive carpels are unsealed, conduplicate and more 
or less stipitate structures (resembling young petiolate 
leaves lying still in the adaxially folded state inside the 
bud), containing a relatively large number of ovules 
(Bailey and Swamy 1951; Eames 1961, and many 
 others). Such primitive conduplicate carpels are espe-
cially characteristic of such archaic genera as Tasmannia 
and Degeneria (Bailey and Nast 1943; Bailey and 
Swamy 1951) and to a lesser degree of some other prim-
itive taxa including some primitive monocotyledons.

A very important characteristic of the most  primitive 
carpels is the absence of styles, the stigmas being 
decurrent along the margins of the carpels (Hallier 
1912; Takhtajan 1948; Parkin 1955; Eames 1961). 
Such stigmatic margins (approximated but not fused at 
the time of pollination) are the prototypes of the stigma. 
As Kozo-Poljanski (1922: 121) fi rst pointed out in his 
commentary on Hallier’s codex of characters of the 
primitive angiosperms, “the stigma developed from 
the sutures.” In the course of evolution the primitive 
decurrent stigma was transformed into a more local-
ized subapical and then apical stigma. As the stigma 
is localized in the upper part of the carpel, the latter is 
usually elongated into a style (stylode), which raises 
the stigma above the fertile portion of the carpel. 
During earlier evolutionary stages of the development 
of the style it is conspicuously conduplicate (Bailey 
and Swamy 1951).

The most primitive taxa of the fl owering plants are 
characterized by an apocarpous gynoecium. But 
already in the most primitive families a tendency is 
observed towards a greater or lesser union of carpels, 
which leads to the formation of the syncarpous 
( coenocarpous) gynoecium. As a result, forms with 
more or less syncarpous gynoecia appear even in such 
families as Winteraceae, Magnoliaceae, Annonaceae, 
etc. The overwhelming majority of the magnoliophytes 
has one or another type of syncarpous gynoecium. 

I distinguish three main types of syncarpous gyno-
ecium: eusyncarpous, paracarpous, and lysicarpous. 
An eusyncarpous gynoecium emerged independently 
in many lines of evolution from an apocarpous gynoe-
cium by lateral concrescence of closely connivent car-
pels. The eusyncarpous gynoecium usually originates 
from a more advanced cyclic apocarpous gynoecium. 
The most primitive forms of eusyncarpous gynoecium 
still have free upper portions of the fertile regions of 
the carpels. With specialization of the eusyncarpous 
gynoecium the concrescence extends also to the indi-
vidual styles, which fi nally coalesce completely into 
one compound style with one apical compound stigma. 
The union of carpels leads also to anatomical changes: 
with close fusion of carpel margins, the epidermal 
 layers on the surface of contact are lost and the two 
ventral bundles form a single bundle (Eames 1931).

The paracarpous gynoecium evolved in many lines 
of dicotyledons as well as in certain groups of 
 monocotyledons. Usually the paracarpous gynoecium 
denotes a unilocular gynoecium, consisting of several 
carpels and having parietal or free-central placenta-
tion. But I prefer to limit the concept of paracarpous 
gynoecium to only the form of unilocular syncarpous 
gynoecium that has a parietal arrangement of ovules 
(Takhtajan 1942, 1948, 1959, 1980). A paracarpous 
gynoecium is characterized by unfolded individual 
carpels. Their margins are disconnected, while the 
connection of the borders of the adjoining carpels is 
maintained.

The paracarpous gynoecium is already found among 
Magnoliales where it is present in Takhtajania 
(Winteraceae), Isolona and Monodora (Annonaceae) 
and the whole family Canellaceae. In these cases, as 
in many others, including Saururaceae, Cactaceae, 
Alismatales etc., the paracarpous gynoecium evolved 
directly from the apocarpous one. The possibility of 
such an origin of the paracarpous gynoecium is based 
not only on the existence of apocarpous gynoecia with 
open conduplicate carpels, but also on the well known 
fact that the carpels in an apocarpous gynoecium begin 
development as open structures. If a whorl of such 
open carpels remained so and became coherent, as is 
presumed by Parkin (1955: 55), the paracarpous 
gynoecium originated directly from the apocarpous 
one (see also Cronquist 1968: 101).

In many other cases, e.g. in the genus Hypericum and 
within the superorder Lilianae, the paracarpous gynoe-
cium arises from the primitive type of eusyncarpous 
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gynoecium in which the margins of individual carpels 
are not fused yet. As a result of unfolding of these 
unsealed carpels the eusyncarpous gynoecium gives 
rise to the paracarpous one.

In many cases the placentae in the paracarpous 
gynoecium grow thick, expand and intrude inside the 
ovarian cavity where they meet and often coalesce, 
forming false septa and pseudoaxile placentation, as 
for example in the family Campanulaceae. Puri 
(1952) is quite right in inclining to the conviction, 
that the multilocular character of this type, i.e. which 
appeared due to the concrescence of the placentae 
and not the carpellary margins, is more common 
than was earlier thought. In many cases, e.g. in the 
family Campanulaceae, the intruded placentae meet 
in the center of the ovary and coalesce among them-
selves; as a result the ovary is subdivided into loculi 
or rather chambers (pseudoloculi). Thus a typical 
unilocular paracarpous gynoecium gives rise to the 
multilocular paracarpous one.

In several lines of evolution of dicotyledons, for 
example in Primulales, the eusyncarpous gynoecium 
gave rise to a special type of gynoecium with a 
 unilocular ovary which I named lysicarpous 
(Takhtajan 1942, 1948, 1959). Like the paracarpous 
gynoecium, the lysicarpous type is also unilocular 
but it originates in a completely different manner and 
is characterized by free-central (“columnar”) placen-
tation instead of parietal. The unilocular ovary of the 
lysicarpous gynoecium is due to the disappearance 
of the septa of the multilocular ovary, which takes 
place either during ontogeny, as in Portulacaceae and 
some Caryophyllaceae, or during evolution, as in 
Primulaceae. In this context, the carpellary sutures 
themselves remain entire and the ovules continue to 
be perched on them as earlier (for literature see Puri 
1952). Thus the sutural portion of the carpels together 
with the placentae is transformed into a column freely 
rising at the center of the locule and not reaching the 
top of the ovary.

Specialization of the syncarpous gynoecium as 
well as that of the apocarpous is usually (but not 
always) accompanied by greater or lesser reduction in 
the  number of carpels and in most cases also by reduc-
tion in the number of ovules. An extreme form of 
reduction in the number of carpels in the syncarpous 
gynoecium is the so-called pseudomonomerous 
gynoecium (Eckardt 1937, 1938), where only one of 
the carpels is fertile. The sterile carpels (or carpel, if 

the gynoecium is dimerous) in the pseudomonomer-
ous gynoecium attain often such a degree of reduction 
that their presence can be detected only through an 
anatomical study of the vascular system and ontogeny. 
The pseudomonomerous gynoecium is characteristic 
for such taxa as Eucommiales, Urticales, Casuarinales, 
a majority of Thymelaeaceae, Gunneraceae, Garry-
aceae, Valerianaceae, etc.

The main directions of evolution of the gynoecium 
determine the main trends of evolution of placen-
tation.

The types of placentation in the fl owering plants 
may be classifi ed as follows (see Takhtajan 1942, 1948, 
1959, 1964, 1991):

A.  Laminar (superfi cial) placentation. The ovules 
occupy the side portions of the inner face of the 
carpel or are scattered over almost the entire sur-
face, rarely occupy only its back side.

1. Laminar-lateral placentation. The ovules occupy 
the side portions of the adaxial surface of the 
carpel between the median and the lateral veins. 
Examples: Tasmannia, Degeneria.

2. Laminar-diffuse placentation. The ovules are 
scattered over almost the entire adaxial surface of 
the carpel. Examples: Exospermum, Nymphae-
aceae, Butomaceae, Limnocharitaceae.

3. Laminar-dorsal placentation. The ovules are 
attached pseudo-medially, occupying the back 
of the carpel. Examples: Nelumbo, Cerato-
phyllum, Cabombaceae.

B.  Submarginal (sutural) placentation. The ovules 
occupy morphologically sutural areas of the carpel.
4. Axile placentation. The ovules are attached 

along the sutures of the closed carpel i.e. in the 
corner formed by the ventral area of the carpel 
in an apocarpous or syncarpous gynoecium. 
Examples: Ranunculaceae, Dilleniaceae, Rosa-
ceae, Liliaceae.

5. Parietal placentation. The ovules are situated 
along the sutures in a paracarpous gynoecium or 
on the intrusive placentae which in their turn are 
attached to the sutures. Examples: Violales, 
Capparales, Juncales.

6. Free-central or columnar placentation. The 
ovules are situated along the central column of 
the lysicarpous gynoecium. Examples: Portula-
caceae, Myrsinaceae, Primulaceae. The most 
primitive type of placentation is  laminar-lateral 
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(Takhtajan 1942, 1948, 1959, 1964; Stebbins 
1974). It characterizes such archaic genera as 
Degeneria and Tasmannia and certain species of 
the genus Zygogynum. The ovules of these plants 
are rather far away from carpellary margins and 
are arranged in the space between the median 
and lateral veins. Such an arrangement of ovules 
is most probably an initial one in the evolution of 
angiosperm placentation. Both the laminar- 
diffuse and the laminar-dorsal types of placenta-
tion are derived from the laminar-lateral 
(Takhtajan 1942, 1964).

In the course of evolution laminar placentation evolved 
into submarginal. This is the most widespread type of 
placentation in fl owering plants and it is found already 
in a majority of taxa with an apocarpous gynoecium, 
as Magnoliaceae, Annonaceae, Ranunculaceae, etc. 
But the largest variety of forms of submarginal 
 placentation can be found in syncarpous gynoecia. 
Two basic types of submarginal placentation are the 
axile and the parietal types. Their origin and evolution 
is correlated with the origin and evolution of eusyncar-
pous and paracarpous gynoecia.

Lastly, free-central or columnar placentation is 
characteristic for the lysicarpous gynoecium.

Ovules: The ovule is a solitary megasporangium 
 surrounded by a protective cover – the integument. In 
the most primitive Palaeozoic seeds the integument 
was segmented (as in Lagenostoma), lobed (as in 
Archaeosperma, Eurystoma, and Physostoma) or even 
consisted of more or less separate elongated structures 
(as in Genomosperma) (completely separate in 
G.  kidstonii and partially fused around the very base of 
the megasporangium in G. latens – see Long 1960). 
These and other facts suggest that the integument 
evolved from a distal truss of separate structures (steril-
ized telomes) which once immediately subtended and 
surrounded the megasporangium, later became fused 
together, and eventually more or less fused with the 
megasporangium, which became almost completely 
enclosed by the integument (except the terminal 
 micropyle) (see Walton 1953; Kozo-Poljanski 1948; 
Zimmermann 1959; Andrews 1961, 1963; Camp and 
Hubbard 1963; Long 1966; Pettit 1970). This telomic 
theory of the origin of the ovule is a modernized version 
of Margaret Benson’s (1904) “synangial hypothesis.”

The morphological interpretation of the integument 
in the magnoliophytes is complicated by the fact that 

many dicotyledons and a majority of monocotyledons 
are bitegmic, that is have two integuments. In all prob-
ability the outer integument of the angiosperm ovule 
emerged from the cupule of the ancient gymnosper-
mous ancestor. The cupule is known to have emerged 
fi rst in the Lyginopteridaceae, but it is not found in 
these primitive gymnosperms only. In a modifi ed form 
it was preserved both in several later gymnosperms and 
in angiosperms. Already Mary Stopes (1905) consid-
ered the outer layer of the seed of Cycadaceae or the 
sarcotesta as a structure homologous to the “outer 
integument” (i.e. cupule) of Lagenostoma. This homo-
logy of the “outer integument” and the cupule is still 
more clearly visible in the Medullosaceae (Takhtajan 
1950; Walton 1953). The cupule gave rise not only to 
the outer layer of the ovular envelope in a number of 
gymnosperms but also to the outer integument of the 
magnoliophytes. Some confi rmation of this conjecture 
mentioned by Stebbins (1974: 232) is the fact that in 
many families of fl owering plants – including the 
 relatively archaic groups – the outer and inner integu-
ments of the ovule differ greatly from each other in 
their morphology and their histological structure. In 
these forms, the outer integument is thicker than inner 
one and has specialized epidermal cells, in some cases 
including stomata. Moreover, the micropyle may be 
differently shaped in the two integuments. Stebbins 
mentions also the lobed distal portion of the outer integ-
ument in a few genera. Lobed integuments have been 
observed in Berberidaceae, Juglandaceae, Rosaceae, 
and Flacourtiaceae (van Heel 1970, 1976). Distal  lobing 
may involve either the outer or the inner integument, or 
both. “The lobing suggests that the integuments are 
compound organs,” states Bouman (1984: 144). The 
cupular origin of the outer integument of the angio-
sperm ovule was suggested by Gaussen (1946), 
Takhtajan (1950, 1959, 1964), and Walton (1953).

Unitegmic ovules arose from the bitegmic ones in 
various lines of fl owering plants evolution. As the 
 single integument of the sympetalous magnoliopsids 
(except for Plumbaginales, Primulales, and 
Cucurbitales) and some choripetalous ones is usually 
as massive or even more massive than the double, a 
suggestion was made (Coulter and Chamberlain 
1903), that the single massive envelope has a dual 
character and resulted from the complete fusion of 
two  integuments at the earliest stages of the differen-
tiation of the integumentary primordia. Presumably in 
many cases the unitegmic ovule resulted from the 
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congenital fusion of both the envelopes, but in certain 
taxa it was formed due to the abortion of the inner or 
the outer integument. Thus, in Filipendula, Rubus, 
Rosa, Potentilla, Fragaria, Alchemilla, and some other 
Rosaceae, the envelope resulted from the incomplete 
development of the inner integument; while in Peperomia, 
Hydnoraceae, Raffl esia, Mitrastemon, Cytinus, and 
some others, it resulted from the  underdevelopment of 
the outer integument. Another pathway of the origin of 
unitegmy, integumentary shifting, has been described 
in Ranunculaceae (Bouman and Calis 1977). According 
to Bouman (1984: 140), integumentary shifting is a 
complicated ontogenetic  process involving (1) a fusion 
of  primordia, in the sense that the initials of the two 
integuments give rise to a common structure; (2) a 
shifting of the inner integument; and (3) an arrested 
growth of the latter. In some families, like the 
Piperaceae, Ranunculaceae, Ericaceae, Salicaceae, 
Rosaceae, Fabaceae and others, even quite close 
 genera are often distinguished by the number of 
 integuments. This shows that the unitegmic condition 
arose from the bitegmic independently and hetero-
chronously in different evolutionary branches of the 
fl owering plants.

In some taxa, as a result of reduction, the ovular 
envelope disappears completely, and as the result the 
megasporangium is naked. This is quite typical in 
the order Santalales, where in many genera and even 
entire families ovules are ategmic, the integuments 
 completely lacking. In the Balanophorales this process 
of reduction goes even further and more or less involves 
the megasporangium wall.

It is also generally accepted that crassinucellate 
ovules are more primitive and tenuinucellate ovules 
evolved from crassinucellate by reduction of the 
megasporangial wall. Thus the most primitive ovules 
of the fl owering plants are bitegmic and crassinu-
cellate and the most advanced ones are unitegmic and 
tenuinucellate. But these two types of angiosperm 
ovules are not always strictly exclusive of each other 
and there are intermediate types –  bitegmic-tenuinucellate 
(e.g. Theaceae and Primulaceae) and  unitegmic- 
 wcrassinucellate (e.g. Cornaceae and Araliaceae) (see 
Philipson 1974, 1977).

There is also a defi nite evolutionary trend in the 
form and orientation of the ovule. Anatropous ovules 
characterize a majority of fl owering plants, including 
Magnoliales, and are presumably the initial type 
(Netolizky 1926; Takhtajan 1959; Eames 1961; 

Cronquist 1968, 1988; Corner 1976). The orthotropous 
type, as well as campylotropous and amphitropous 
ones, arose from the anatropous ovule.

Pollination: Long ago the idea was expressed that 
in angiosperm evolution, entomophily preceded ane-
mophily (Henslow 1888; Bessey 1897; Robertson 
1904, and others). The initial agents of cross pollina-
tion were undoubtedly animals, insects in the begin-
ning and later small birds, bats and some other animals 
as well. The original pollinators were most probably 
beetles (Diels 1916; Faegri and van der Pijl 1979). The 
original attractant in insect pollination was the pollen 
(Darwin, 1876; Faegri and van der Pijl 1979). But the 
necessity for pollen economy leads to a course of evo-
lution in which the fl ower starts producing a cheaper 
foodstuff, nectar, as its alternative. For the production 
of nectar special structures are formed as nectaries. 
They originated independently in the most diverse 
lines of angiosperm evolution and on a most widely 
varying morphological basis. With the emergence of 
nectaries the plant gets an opportunity for producing 
pollen in more limited quantities and using it only for 
transport to other fl owers. But the less the pollen pro-
duction, the more effective should be the utilization of 
both the pollen and the pollinators. This inevitably 
leads to the perfection of pollination mechanisms.

In some evolutionary lines of fl owering plants a 
transition takes place from entomophily to anemophily 
and more rarely to hydrophily. Anemophily arose from 
entomophily in completely different lines of evolu-
tion of both dicotyledons and monocotyledons. As 
Cronquist (1968: 97) says “Wind-pollination and 
insect-pollination are not necessarily mutually exclu-
sive. The change from one to the other can take place 
gradually, without any sudden jumps, especially if the 
adaptation to insect-pollination is generalized and does 
not involve complex or unusual structure associated 
with a particular kind of pollinator”.

In all the known cases of anemophily the more 
primitive entomophilous relatives of anemophilous 
forms have relatively “generalized” entomophilous 
fl owers. The evolutionary trend from entomophily to 
anemophily is reversible and in a number of cases there 
is a return to entomophily in groups earlier adapted to 
wind pollination (e.g. Ficus, Castanea). Again the sec-
ondary entomophily evolves from the less specialized 
types of anemophily.

Self-pollination emerged only as a secondary phe-
nomenon, and it is a sort of blind alley for the further 
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evolution “and rarely if ever contributes to major evo-
lutionary trends” (Stebbins 1974). Morphological and 
phylogenetic analysis indicates that self-pollinating 
taxa emerged in all cases from cross-pollinating 
ancestors.

The evolution of pollination was of exceptionally 
great importance in angiosperm evolution. It had a 
decisive role in the evolution of fl owers and infl ores-
cences and determined many important directions in 
the evolution of fl owering plants.

Gametophytes and fertilization: In the course of 
evolution both the male and female gametophytes of 
fl owering plants reached a very high degree of simpli-
fi cation and specialization. Gametogenesis occurs in 
them at such an early stage of an extremely abbreviated 
ontogeny of the gametophyte that gametangia cannot 
even be formed, and the gametes are formed without 
them. Moreover, the development of the gametes them-
selves is also cut short, and they became extremely 
simplifi ed. Due to a sharp abbreviation and accelera-
tion of their ontogeny, the gametophytes of angio-
sperms completely lost their gametangia. As I have 
suggested in my previous works (beginning with 1948) 
these drastic changes in the gametophyte structure and 
development resulted from neoteny and subsequent 
specialization (see Takhtajan 1976, 1983, 1991).

The entire male gametophyte of the fl owering plants 
consists only of two cells – a small generative cell and 
a large tube cell (“vegetative” cell). It has neither the 
prothallial cells, nor the stalk cell (“dislocator” accord-
ing to terminology of Goebel 1933) and the true sper-
matogenous cell (“body cell”). The function of the 
spermatogenous cells has been transferred to the gen-
erative cell, which divides to form two nonmotile male 
gametes, and the function of the stalk cell became 
unnecessary. Thus the magnoliophytes male gameto-
phyte reached the climax of simplifi cation and minia-
turization, which precluded any further major structural 
changes.

In the majority of fl owering plants, including the 
primitive taxa, the pollen is released from the anther in 
the two-celled stage in the development of the gameto-
phyte. But in many other fl owering plants, including 
some advanced taxa, the generative cells divide before 
the pollen grain is shed and the male gametophyte is 
therefore three-celled. The two-celled condition is prim-
itive and the three-celled type is derived and originated 
independently in many lines of angiosperm evolution 
(see Brewbaker 1967; Cronquist 1968; Stebbins 1974).

The female gametophyte of the fl owering plants 
resembles the early stages of the female gametophytes 
of archegoniate gymnosperms, possessing a peripheral 
layer of free nuclei arranged around a large central 
vacuole. It is therefore quite possible that the nona-
rchegoniate angiosperm gametophyte originated by 
way of progressive acceleration of gametogenesis and 
retardation of all other developmental processes (see 
Coulter 1914; Takhtajan 1976). Even the angiosperm 
egg is not the former egg of the archegonium but one 
of the very fi rst cells of the gametophyte which is 
transformed into a female gamete (see Gerasimova-
Navashina 1958).

The female gametophyte is considerably less sim-
plifi ed than the male gametophyte and therefore is 
more liable to evolutionary modifi cations. But the evo-
lutionary modifi cations of the female gametophyte take 
place within the bounds of some limits. The different 
types of female gametophytes are distinguished mainly 
on the basis of the number of megaspores or megaspore 
nuclei that participate in their formation, on the number 
of mitotic divisions during gametogenesis, and on the 
number and arrangement of the cells and free nuclei 
present in the mature gametophyte (see Johri 1963; 
Romanov 1971). It is generally agreed that the mono-
sporic eight-nucleate female gametophyte of the 
Polygonum-type, which characterizes the majority of 
angiosperms, is the basic and the most primitive type. 
All other types of the development and organization of 
the female gametophyte are derived. The tetrasporic 
types of female gametophyte are considered as the 
most specialized.

In a vast majority of cases the pollen tube penetrates 
into the female gametophyte through the micropyle 
(porogamy). Porogamy is the basic and primitive con-
dition. Aporogamy (mesogamy and chalazogamy) is 
derived.

As it is well known, syngamy in fl owering plants is 
accompanied by triple fusion of one of the two male 
gametes with the two polar nuclei. Triple fusion, which 
is one of the most characteristic features of the fl ower-
ing plants, originated as a result of neotenic simplifi ca-
tion of the female gametophyte. It triggers the formation 
of an entirely new structure, the triploid endosperm, 
which compensates for the extreme scarcity of nutrient 
materials in the simplifi ed and miniaturized female 
gametophyte.

Following triple fusion, both the zygote and the 
 primary nucleus of the endosperm develop further. 
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The development of the seed begins with the divisions 
of the primary endosperm nucleus, followed by the 
emergence of embryo. Three major types of the 
endosperm development are recognized – cellular, 
nuclear, and helobial.

In the cellular type, at least the fi rst few divisions of 
the primary endosperm nucleus are accompanied by 
wall formation. The cellular pattern of development is 
found in many families of magnoliopsids (both archaic 
and advanced) and occurs only in four monocotyle-
donous families – Hydatellaceae, Araceae, Lemnaceae, 
Acoraceae.

In the helobial type, which is usually considered as 
somewhat intermediate between the cellular and 
nuclear type, the primary endosperm nucleus is always 
found at the chalazal end of the gametophyte; and, 
therefore, when it divides, two unequal cells or cham-
bers are produced – a small chalazal cell and a much 
larger micropylar cell. The nucleus in the chalazal cell 
either does not divide further (a basic type, according 
to Swamy and Parameswaran 1963) or undergoes a 
usually restricted number of free nuclear divisions, 
whereas the larger micropylar cell undergoes numer-
ous free nuclear divisions. Commonly, the cell-wall 
formation ultimately takes place in the micropylar 
chamber. The helobial type is common in liliopsids 
and is much less frequent in magnoliopsids.

In the nuclear type, the division of the primary 
endosperm nucleus is followed by a series of free 
nuclear divisions, resulting in the formation of a large 
multinucleate cell, which usually becomes cellular in a 
later phase of development. The nuclear type is wide-
spread in both magnoliopsids and liliopsids.

The helobial type of endosperm development is 
probably apomorphic, derived either from nuclear 
or, more likely, from cellular type. But it is much 
more diffi cult to decide which of the two types – 
nuclear or cellular – is the more primitive. The main 
reason for this diffi culty is that the formation of the 
endosperm is subject to reversal and that there are 
also many intermediates (Schnarf 1929, 1931; Brink 
and Cooper 1947). But, in spite of the reversibility of 
the types of endosperm development, the fi rst 
 fl owering plants must have had either cellular or 
nuclear endosperm.

Seeds: The seeds of primitive fl owering plants are 
of medium-size, 5–10 mm long (Corner 1976). Both 
small and large seeds are derived. The more primitive 
seeds are characterized by abundant endosperm and a 

minute and undifferentiated embryo (Pritzel 1898; 
Hallier 1912; Martin 1946; Eames 1961, and many 
others). In advanced seeds, on the contrary, the embryo 
is large and well differentiated, and the endosperm is 
more or less reduced or even wanting. Here we observe 
something analogous to what happens in the animal 
world where the embryo in the mother’s body attains 
greater development in the higher forms (Nägeli 1884; 
Hallier 1912).

There are two main types of the specialization of 
endosperm – rumination and the development of hausto-
ria. The outer surface of the ruminate endosperm tissue 
is irregularly ridged and furrowed to varying degrees, 
often very deeply. This furrowing occurs in a number of 
magnoliopsid families, especially in Magnolianae, and 
in some liliopsids (some genera of Dioscoreales, 
Cyclanthaceae, and Arecaceae) (Tamamschian 1951; 
Periasamy 1962; Corner 1976). Rumination is due to 
irregular growth activity of the seed coat or endosperm 
itself, during later stages of seed development 
(Boesewinkel and Bouman 1984). According to 
Vijayaraghavan and Prabhaker (1984: 343), ruminate 
endosperm could be an ancestral character still occurring 
in present-day seeds, belonging to both primitive and 
advanced taxa.

Another and more remarkable type of endosperm 
specialization is the formation of endosperm haustoria. 
The haustoria may arise at the chalazal or micropylar 
end, or at both ends of the developing endosperm. 
Endosperm haustoria are especially characteristic for 
taxa that develop the cellular type of endosperm. In the 
most archaic groups of fl owering plants, including 
Magnoliaceae, endosperm haustoria are usually absent. 
In those rare cases, when haustoria are present in them, 
as in Magnolia obovata and in Saururaceae, they are 
chalazal.

Endosperm haustoria evolved independently in var-
ious lines of angiosperm evolution. The presence of 
absence of haustoria is a taxonomically useful embryo-
logical character, but the evolutionary trends in 
endosperm haustoria are not yet well known.

The period of dormancy is very weakly expressed 
or even absent in seeds of some tropical angiosperms. 
Since there is a long-continuing after-ripening develop-
ment in some primitive families, absence of dor-
mancy is considered by Eames (1961) as a survival of 
 primitive condition. Dormancy, on the contrary, is 
 considered as an advanced stage in the evolution of 
the seed.



xxviii Introduction

It is almost universally accepted that the monocoty-
ledonous embryo arose from the dicotyledonous 
embryo.

The basic primitive type of seed-coat is one with 
“multiplicative” integuments (Corner 1976), exarillate 
(Eames 1961), and probably with well developed pink-
ish or reddish sarcotesta (Zazhurilo 1940; Takhtajan 
1948, 1959; van der Pijl 1955, 1969), like those of 
Degeneria and Magnolia. The presence of a sarcotesta 
in some primitive families suggests that endozoochory 
(possibly at fi rst saurochory and later ornithochory) 
was probably characteristic of the earliest angiosperms 
(Zazhurilo 1940; Takhtajan 1948; van der Pijl 1969).

Considering the seed-coat structure of Degeneria 
and Magnolia as the initial one for the primitive fl ow-
ering plants, the derivation of all other types can be 
easily imagined as a result of reconstructions 
 connected with a transition towards some other non- 
endozoochorous mode of dissemination. This transi-
tion determined the development of the outer layer of 
sclerenchyma and the reduction of parenchyma, which 
have become superfl uous.

In many lines of angiosperm evolution a gradual 
simplifi cation of the seed-coat is observed. The maxi-
mum simplifi cation of the spermaderm is attained in 
those cases where the seed adjoins closely or is fused 
with the pericarp. The role of the protection of the 
embryo as well as the function of dissemination passes 
over to the pericarp and so the seed-coat is strongly 
reduced. In some cases the reduction of the seed-coat 
goes very far. At times only the outer epidermis is 
retained in the mature seed.

During the evolution of zoochory, starting from the 
primitive endosaurochory and ending in the most 
highly specialized forms of myrmecochory, various 
types of the succulent nutritive tissue of the outer por-
tion of the seed-coat play a big role. At fi rst presum-
ably the sarcotesta served as the bait for attracting 
arboreal reptiles and later birds. The aril is a more spe-
cialized type of nutritive tissue than sarcotesta. In some 
cases the aril possibly results from a decrease in the 
area of sarcotesta and its localization in a defi nite 
( usually basal) part of the seed (see van der Pijl 1955, 
1969). But in the vast majority of cases arils arise as 
new structures on very different parts of the ovule and 
independently in many unrelated taxa. I therefore agree 
with Eames (1961) that it seems unlikely to consider 
the arillate seed as a primitive angiosperm character 
(but see Corner 1976).

Fruits: The most primitive and basic fruit type is a 
fruit consisting of many-seeded distinct follicles 
(Hallier 1912; Harvey-Gibson 1909; Bessey 1915; 
Gobi, 1921 and many others). Such a fruit, developing 
from a multicarpellate apocarpous gynoecium, was 
called “multifolliculus” (follicetum) by Gobi. The 
multifolliculus gave rise to unifolliculus by reduction 
in the number of carpels (e.g. Degeneria, Consolida).

From follicular fruits arose many other types of 
apocarpous fruits, which in their turn gave rise to 
numerous syncarpous fruit types (see Takhtajan 1991).

Karyotype: As was proposed as long ago as 1931 by 
Lewitsky (1931), the morphologically more primitive 
and basic type of chromosome of the fl owering plants 
was one which had equally developed arms and a 
median or submedian centromere. Such symmetrical 
(or, in contemporary terminology, ‘metacentric’) chro-
mosomes were those from which in course of evolution 
arose asymmetrical (acrocentric) chromosomes, in 
which the centromere is situated very close to one end.

The original karyotype of fl owering plants was 
probably characterized by a comparatively small num-
ber of medium-sized chromosomes. But it is very dif-
fi cult to say what in fact was the ancestral basic number 
of chromosomes in the fl owering plants.

In the Magnoliaceae 2n = 38, 76 and 114; consequently, 
in this family n = 19. In the Eupomatiaceae n = 10, i.e. the 
basic number differs both from that of the Magnoliaceae 
and from that of the Degeneriaceae and Himantandraceae. 
In the Annonaceae n = 7, 8, 9; in the Canellaceae 
n = 11, 13, 14.

It appears highly probable that the basic number of 
chromosomes of the early fl owering plants was a low 
one. Darlington (Darlington and Mather 1949: 324) 
came to the conclusion that the basic number relation-
ships of the chief families of woody fl owering plants 
showed 7 as the common ancestral chromosome num-
ber of fl owering plants. ‘From this origin, 8, 9 and an 
increasing series have arisen on only a few occasions, 
whereas 14, with its diminishing series, has arisen very 
frequently. In this series 12 has often been stabilized, 
and, from its addition to 7, 19 has appeared several 
times’. Later, Raven and Kyhos (1965) and Ehrendorfer 
et al. (1968) reached a similar conclusion. The proba-
bility is very high that Darlington’s proposal was 
 correct and that the basic number was indeed 7. Yet 
on the other hand, in such extremely primitive fami-
lies as Himantandraceae (n = 6), in some 
Winteraceae, Degeneriaceae, Cetarophyllaceae, in 
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some  Hernandi aceae n = 12, in the primitive family 
Eupomatiaceae n = 10. Moreover, in the ancient family 
Lauraceae is characterized by a basic number of 12, 
These data occasion some doubt that the basic number 
of chromosomes in the evolution of the karyotype of 
the fl owering plants was in fact 7; a fi gure of 5, or bet-
ter 6 is just as likely. Stebbins (1966) has suggested 
that the original number was x = 7 or x = 6.

The Signifi cance of Primitive Characters

Evolutionary systematists consider both derived 
( apomorphic) and primitive (plesiomorphic) charac-
ters. For evolutionary taxonomists the retention of a 
large number of ancestral characters is just as impor-
tant an indicator of phylogenetic relationships as the 
joint acquisition of a few apomorphic characters. 
Plesiomorphic characters are often among the most 
evident key characters of a taxon and are used for the 
delimitation and ranking of taxa.

Evidently the information content of primitive and 
derived characters is different and of different signifi -
cance. Whereas the ancestral characters cannot be used 
in cladistic analysis to locate branching points, they 
have great importance in classifi cation when they rep-
resent the dominant characters of a taxon. Often they 
are even more important in classifi cation than rapidly 
changing derived characters. The conservative ances-
tral characters may actually tell us more about the total 
genotype. Often the discovery of ancestral, plesiomor-
phic features in some generally advanced groups indi-
cates their phyletic links with less specialized taxa. The 
presence of distally monocolpate or distally dicolpate 
pollen grains in such specialized groups as Piperales, 
Aristolochiales, Hydnorales, and Raffl esiales provides 
important confi rmation of their affi nities with the 
orders of the archaic subclass Magnoliidae. The very 
defi nition of the Magnoliidae is based on the fact that 
they have the greatest number of primitive characters.

For the classifi cation of taxa within individual lin-
eages a systematist uses both the primitive and derived 
characters. Every new stage of evolution, and conse-
quently every new taxon, differs from the ancestral 
taxon by an acquisition of some new, derived charac-
ters. The ancestral taxon, on the other hand, will differ 
from its descendants by the absence of these derived 
characters. For example, prokaryotes differ from the 

eukaryotes just in their fundamental plesiomorphic 
character, namely, the absence of the nucleus. The situ-
ation is different in the case of cladogenesis. Sister 
groups differ from each other essentially in derived 
characters acquired during the process of divergence.

Primitive characters are no less important for the 
hypothetical reconstruction of the ancestral groups, 
which was especially emphasized by the paleonto-
logist Tatarinov (1984: 11). Thus knowing the basic 
 evolutionary trends in fl owering plants we may by 
extrapolation extend the transformation series into the 
past to the lowest level of specialization. In the absence 
of reliable fossil records this is the only way to recon-
struct ancestral types. Out-group comparisons are 
especially important in these cases.

Convergence and Parallelism

It is generally accepted that a convergence is the origin 
of apparently similar apomorphies from different ple-
siomorphic states while parallelism is the independent 
development of similar apomorphies from the same 
plesiomorphic state.

The term convergence is usually applied to the 
occasional tendency for distantly related taxa to acquire 
some similar characters and thus in one or more 
respects to come to simulate one another and be more 
nearly alike than were their ancestors. Convergence is 
an independent analogous adaptation of different 
organisms to similar environmental conditions in 
response to similar functional needs. Therefore con-
vergence is usually limited to the organs and tissues 
that are directly connected with similar environmental 
factors. However, convergent similarity is never very 
deep and mostly concerns only a few organs. There is 
only a very low probability of an independent develop-
ment of similarity in the total morphological pattern in 
different lineages. As a rule, the more organisms are 
differentiated, the less probable is their complete con-
vergence. It is also quite natural that the chance of par-
tial convergence is much higher than that of overall 
convergence. But even so, any kind of convergent sim-
ilarity is more or less easily distinguishable by detailed 
comparative studies. For example, the similarity in 
general habit between Cuscuta and Cassytha does not 
obscure the fact that in the basic characters of their 
fl owers, fruit, pollen morphology, and vegetative 
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 anatomy as well as in their chemistry they belong to 
different subclasses of fl owering plants.

The problem of parallelism is much more diffi cult 
than that of convergence. In fl owering plants parallel 
evolutionary changes are very common. Similarities 
due to parallel evolution occur not only in the structure 
of the vegetative organs but also in fl owers, infl ores-
cences, fruits, seeds, pollen grains, and even chemical 
characters. The phenomenon of parallelism is usually 
defi ned as the development of similar characters sepa-
rately in two or more lineages of common ancestry and 
on the basis of, or channeled by, characters of that 
ancestry (see Simpson 1961: 78). In contrast to conver-
gence, parallelism is based on an initial similarity of 
structure and an initial homology of mutations and 
common evolutionary trends. It is highly improbable 
that two unrelated taxa will have a large number of 
parallel characters. This means that the parallel devel-
opment of characters implies an evolutionary relation-
ship. Thus the closeness of parallelism in the evolution 
of given taxa depends on the closeness of their affi nity 
(Takhtajan 1947: 106; Cronquist 1968, 1987, 1988), 
and therefore we come to the general principle that 
evolutionary parallelism tends to indicate  relationships, 
and accordingly it should be given due weight, along 
with other factors, in arriving at conclusions (Cronquist 
1988: 32).

Weighting of Taxonomic Characters 
and Heterobathmy

Every practicing systematist knows the importance of 
detection, selection, and weighting of characters. He 
or she knows that some characters have a greater diag-
nostic value and therefore have greater weight than 
others. For a systematist different characters hold dif-
ferent information content, and many of them are 
merely “noise” (Mayr 1969: 208). It is therefore more 
important to deal with a small number of carefully 
selected and weighted characters than to deal with a 
large number of random characters. In addition, the 
same characters can have a different weight in various 
related taxa and especially in unrelated ones. It is well 
known that weighting can be only a posteriori, that is, 
based on experience. The relative weight of the charac-
ters is determined by the trial-and-error method, based 
on the personal experience of a systematist as well as 

on the experience of his or her predecessors and 
 colleagues. Weighting is a specifi c taxonomic problem 
that can be solved only by the systematist. It is also 
well known that the higher the rank of a taxon, the 
more important weighting becomes (Mayr 1969: 211). 
Unfortunately, the weighting of characters and the 
selection of characters to use is not completely free 
of subjective elements. No technique or procedure 
(including the cladistic one) is immune to the necessity 
for subjective decisions. I agree with Cronquist 
(1988: 39) that “complete objectivity in taxonomy or 
any other complex subject is an unattainable will-o’-
the-wisp.” There is always room for subjective and 
even intuitive decisions, but we should always strive 
for objectivity.

The problem of weighting would not be so diffi cult 
if all the characters of an organism evolved harmoni-
ously, at an equal rate and the same level of evolution-
ary development. But as is well known, the rates of 
evolution of different organs and parts of an organism 
are different, often drastically so, and the evolution of 
one structure may be faster or slower compared to that 
of other structures in the same taxon. This phenome-
non of unequal rates of evolution of different features 
within one lineage is known under different names, of 
which the best known is mosaic evolution (De Beer 
1954; Simpson 1961; Mayr 1963; Takhtajan 1991). As 
a result of mosaic evolution an organism may repre-
sent a disharmonious combination of characters of 
quite different evolutionary grade.

These differences in the grades of characters within 
the same taxon have been designated heterobathmy 
(from Greek bathmos – “step,” “grade”) (Takhtajan 
1959, 1991). Heterobathmy may be expressed not only 
within the organism as a whole but also within its parts, 
such as fl owers or xylem and their components, such 
as perianth, stamens, carpels, vessels, rays, and axial 
parenchyma.

The concept of heterobathmy is of the greatest 
importance for phylogenetical reconstructions. Thus if 
two taxa differ from each other by a pair of characters 
A and B, in one taxon character A may be primitive 
(plesiomorphic) while character B may be compara-
tively advanced (apomorphic), whereas in the other 
taxon the situation may be the reverse. In such a case 
of heterobathmy, the phyletic interrelationship between 
the two taxa can be reconstructed only through a third 
taxon (real or hypothetical), in which both of these two 
characters are on the primitive level of evolution. That 
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is why long ago Dollo (1893) emphasized the impor-
tance of the chevauchement des specialisations 
(“ crossing of specializations”) when establishing 
 cladistic relationships of recent organisms.

The more strongly heterobathmy is expressed, the 
more contradictory is the taxonomic information pro-
vided by different sets of characters, and the more dif-
fi cult it is to pass from the evolutionary series of separate 
characters to the phyletic sequences of the organisms 
themselves. Thus in the overwhelming majority of 
cases, especially in the more archaic groups of the fl ow-
ering plants, where heterobathmy is most clearly 
expressed (as in the Magnoliaceae and Winteraceae, 
and especially in Amborella), we cannot establish 
 phyletic relationships and construct phyletic lineages 
using only fl oral characters. It is all the more impossible 
to reconstruct phyletic lineages on the basis of the char-
acters of vegetative organs only, as, for example, on the 
basis of wood anatomy or leaf architecture. In such 
cases, instead of phyletic lineages we usually obtain 
only comparative-morphological series of forms 
arranged according to evolutionary trends of certain 
characters. Such series of forms illustrate the gradual 
evolutionary changes of these or other structures, but 
they do not express the phyletic interrelationships 
between organisms. The greater the number of properly 
chosen high-weight characters used for phylogenetic 
reconstructions, the closer we shall approach phyletic 
interrelationships. Studying the evolution of an adequate 
number of independent noncorrelated characters belong-
ing to a suffi cient number of different high-weight char-
acter complexes enables us to establish the basic trends 
of the evolution of a given taxon, to discover those of its 
members nearest to the phylogenetically initial forms 
and those more distant, and to deduce the cladistic rela-
tionships among orders, families, and subfamilies of the 
fl owering plants. But in doing this we must always 
reckon with the phenomenon of heterobathmy.

The more heterobathmic the taxon, the more com-
plete and all-around must be its study. Only the appli-
cation of various methods and techniques can reveal 
those “critical characters” and “critical tendencies” 
(Wernham 1912) that are reliable phyletic markers. 
Correct weighting of the characters and their evolution-
ary trends takes on special signifi cance in such cases 
and largely depends on the experience of a systematist 
and his or her erudition.

In many different lines of the evolution of the fl ow-
ering plants there occurs a simplifi cation of various 

structures accompanied by the loss of characters. 
During this regressive evolution many structures were 
not only reduced but even completely disappeared, 
which often represents an irretrievable loss of informa-
tion. Extreme simplifi cation and loss of information 
are typical of many aquatic plants and especially of 
parasites. A considerable loss of information is also 
characteristic of many specialized anemophilous 
fl owers.

The Linnean Hierarchy

Any evolutionary classifi cation is inevitably a more or 
less simplifi ed representation of the phylogram in the 
form of nested hierarchies of increasingly more inclusive 
monophyletic taxa of different categorical rank. The 
hierarchical arrangement of taxa is a special information 
storage system that facilitates information retrieval by 
permitting an easy survey of taxa. However, from any 
given phylogenetic tree a number of different classifi ca-
tions can be derived. Nevertheless, there are some 
requirements essential to any practical and applicable 
hierarchical classifi cation system. The most important 
requirement is the manageable number of ranks. A form 
of hierarchy that has been adopted for usual botanical 
classifi cations represents a sequence of basically seven 
levels (kingdom, phylum or division, class, order, family, 
genus, and species) with additional levels designated as 
super- (above the basic levels) and sub- (below them).

While taxa and the branches of phylogenetic trees 
are realities, taxonomic categories and their hierarchy 
are based on concepts. The use of any particular num-
ber of levels is therefore arbitrary. “It does not corre-
spond with anything in nature but is an artifi ce imposed 
by practical necessity in the use of any hierarchy” 
(Simpson 1961: 17–18). To arrange the system in the 
form of the Linnean hierarchy is the only way to make 
it manageable and to achieve economy of memory.

The hierarchical classifi cation is based on the gaps 
between taxa and the size of the gaps. Evolutionary 
systematists follow Mayr’s recommendation (1969: 
92) that the size of the gap be in inverse ratio to the size 
of the taxon. This is especially important in the recog-
nition of higher taxa, particularly of monotypic higher 
taxa. According to Ashlock’s defi nition (1979: 446), 
“A higher taxon is a monophyletic group of species (or 
a single species) separated from each phylogenetically 
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adjacent taxon of the same rank by a gap greater than 
any found within these groups”.
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SYNOPSIS of families and 
suprafamilial taxa of the Magnoliophyta

Phylum MAGNOLIOPHYTA
(FLOWERING PLANTS)

Class MAGNOLIOPSIDA
(DICOTYLEDONS)

Dicotyledonous family of incertae position
1. HAPTANTHACEAE

Subclass I. Magnoliidae

SUPERORDER NYMPHAEANAE
Order 1. Amborellales

Family 1. Amborellaceae
Order 2. Nymphaeales

Family 1. Hydropeltidaceae
2. Cabombaceaes
3. Nymphaeaceae
4. Barclayaceae

Order 3. Austrobaileyales
Family 1. Austrobaileyaceae

Order 4. Illiciales
Family 1. Illiciaceae

2. Schisandraceae
Order 5. Trimeniales

Family 1. Trimeniaceae
Order 6. Chloranthales

Family 1. Chloranthaceae
Order 7. Ceratophyllales

Family 1. Ceratophyllaceae
SUPERORDER MAGNOLIANAE

Order 8. Canellales
Family 1. Winteraceae

2. Canellaceae

Order 9. Magnoliales
Family 1. Degeneriaceae

2. Magnoliaceae
Order 10. Himantandrales

Family 1. Himantandraceae
Order 11. Annanales

Family 1. Eupomatiaceae
2. Annonaceae

Order 12. Myristicales
Family 1. Myristicaceae

SUPERORDER LAURANAE
Order 13. Laurales

Family 1. Monimiaceae
2. Idiospermaceae
3. Calycanthaceae
4. Atherospermataceae
5. Siparunaceae
6. Comortegaceae
7. Hernandiaceae
8. Lauraceae

SUPERORDER PIPERANAE
Order 14. Piperales

Family 1. Lactoridaceae
2. Saururaceae
3. Piperacaea
4. Peperomiaceae
5. Aristolochiaceae

Order 15. Hydnorales
Family 1. Hydnoraceae

SUPERORDER RAFFLESIANAE
Order 16. Mitrostemonales

Family 1. Mitrastemonaceae
Order 17. Raffl esiales (Cytinales)

Family 1. Apodanthaceae
2. Raffl esiaceae
3. Cytinaceae

xxxvii
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Subclass II. Ranunculidae

SUPERORDER PROTEANAE
Order 18. Platanales

Family 1. Platanaceae
Order 19. Proteales

Family 1. Proteaceae
Order 20. Nelumbonales

Family 1. Nelumbonaceae
SUPERORDER RANUNCULANAE

Order 21. Eupteleales
Family 1. Eupteleaceae

Order 22. Lardizabalales
Family 1. Lardizabalaceae

Order 23. Menispermales
Family 1. Menispermaceae

Order 24. Berberidales
Family 1. Nandinaceae

2. Berberidaceae
3. Ranzaniaceae
4. Podophyllaceae

Order 25. Ranunculales
Family 1. Hydrastidaceae

2. Ranunculaceae
Order 26. Circaeasterales

Family 1. Kingdoniaceae
2. Circaeasteraceae

Order 27. Papaverales
Family 1. Papaveruceae

2. Pteridophyllaceae
3. Hypecoaeceae
4. Fumariaceae

Order 28. Glaucidiales
Family 1. Glaucidiaceae

Order 29. Paeoniales
Family 1. Paeoniaceae

Subclass III. Hamamelidae

SUPERORDER TROCHODENDRANAE
Order 30. Trochodendrales

Family 1. Trochodendraceae
2. Tetracentraceae

Order 31. Cercidiphyllales
Family 1. Cercidiphyllaceae

SUPERORDER MYROTHAMNANAE
Order 32. Myrothamnales

Family 1. Myrothamnaceae

SUPERORDER HAMAMELIDANAE
Order 33. Hamamelidales

Family 1. Hamamelidaceae
2. Altingiaceae

Order 34. Daphniphyllales
Family 1. Daphniphyllaceae

Order 35. Balanopales
Family 1. Balanopaceae

Order 36. Buxales
Family 1. Buxaceae

2. Didymelaceae
Order 37. Fagales

Family 1. Fagaceae
2. Nothofagaceae

Order 38. Betulales (Corylales)
Family 1. Betulaceae

2. Ticodendraceae
Order 39. Casuarinales

Family 1. Casuarinaceae
SUPERORDER JUGLANDANAE

Order 40. Myricales
Family 1. Myricaceae

Order 41. Juglandales
Family 1. Rhoipteleaceae

2. Juglandaceae

Subclass IV. Caryophyllidae

SUPERORDER CARYOPHYLLANAE
Order 42. Caryophyllales

Family  1. Phytolaccaceae
 2. Rhabdodendraceae
 3. Gisekilaceae
 4. Sarcobataceae
 5. Barbeuiaceae
 6. Achatocarpaceae
 7. Nyctaginaceae
 8. Aizoaceae
 9. Stegnospermaceae
10. Portulacaceae
11. Hectorellaceae
12. Basellaceae
13. Halophytaceae
14. Cactaceae
15. Didiereaceae
16. Molluginaceae
17. Limeaceae
18. Caryophyllaceae
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19. Simmondsiaceae
20. Amaranthaceae
21. Chenopodiaceae

Order 43. Physenales
Family 1. Asteropeiaceae

2. Physenaceae
SUPERORDER POLYGONANAE

Order 44. Polygonales
Family 1. Polygonaceae

Order 45. Plumbaginales
Family 1. Plumbaginaceae

Order 46. Tamaricales
Family 1. Tamaricaceae

2. Frankeniaceae
SUPERORDER NEPENTHANAE

Order 47. Nepenthales
Family 1. Ancistrocladaceae

2. Dioncophyllaceae
3. Nepenthaceae
4. Drosophyllaceae
5. Droseraceae

Subclass V. Dilleniidae

SUPERORDER DILLENIANAE
Order 48. Dilleniales

Family 1. Dilleniaceae
SUPERORDER ERICANAE

Order 49. Paracryphiales
Family 1. Paracryphiaceae

Order 50. Theales
Family 1. Stachyuraceae

2. Sladeniaceae
3. Pentaphylacaceae
4. Ternstroemiaceae
5. Theaceae
6. Oncothecaceae
7. Caryocaraceae

Order 51. Balsaminales
Family 1. Balsaminaceae

2. Marcgraviaceae
3. Tetrameristaceae
4. Pellicieraceae

Order 52. Hypericales
Family 1. Bonnetiaceae

2. Clusiaceae
3. Hypericaceae
4. Elatinaceae

Orders 53. Ochnales
Family 1. Strasburgeriaceae

2. Sauvagesiacea
3. Lophiraceae
4. Ochnaceae
5. Medusagynaceae
6. Quiinaceae

Order 54. Ericales
Family 1. Actinidiaceae

2. Clethraceae
3. Cyrillaceae
4. Ericaceae

Order 55. Diapensiales
Family 1. Diapensiaceae

Order 56. Fouquieriales
Family 1. Fouquieriaceae

Order 57. Polemoniales
Family 1. Polemoniaceae

Order 58. Lecythidales
Family 1. Scytopetalaceae

2. Lecythidaceae
3. Napoleonaeaceae

Order 59. Sarraceniales
Family 1. Sarraceniaceae

Order 60. Roridulales
Family 1. Roridulaceae

SUPERORDER PRIMULANAE
Order 61. Styracales (Ebenales)

Family 1. Styracaceae
2. Symplocaceae
3. Ebenaceae

Order 62. Sapotales
Family 1. Sapotaceae

Order 63. Primulales
Family 1. Myrsinaceae

2. Maesaceae
3. Aegicerataceae
4. Theophrastaceae
5. Primulaceae
6. Coridaceae

SUPERORDER VIOLANAE
Order 64. Berberidopsidales

Family 1. Berberidopsidaceae
Order 65. Aextoxicales

Family 1. Aextoxicaceae
Order 66. Violales (Passifl orales)

Family 1. Flacourtiaceae
2. Salicaceae
3. Lacistemataceae
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 4. Peridiscaceae
 5. Violaceae
 6. Dipentodontaceae
 7. Scyphostegiaceae
 8. Passifl oraceae
 9. Turneraceae
10. Malesherbiaceae
11. Achariaceae
12. Aphloiaceae

Order 67. Elaeocarpales
Family 1. Elaeocarpaceae

Order 68. Cucurbitales
Family 1. Cucurbitaceae

2. Datiscaceae
3. Tetramelaceae
4. Begoniaceae

SUPERORDER CAPPARANAE
Order 69. Acaniales

Family 1. Akaniaceae
2. Bretschneideraceae

Order 70. Tropaeolales
Family 1. Tropaeolaceae

Order 71. Limnanthales
Family 1. Limnanthaceae

Order 72. Caricales
Family 1. Caricaceae

Order 73. Moringales
Family 1. Moringaceae

Order 74.  Capparales (Resedales, 
Brassicales)

Family  1. Capparaceae
 2. Cleomaceae
 3. Brassiaceae
 4. Resedaceae
 5. Gyrostemonaceae
 6. Pentadiplandraceae
 7. Koeberliniaceae
 8. Bataceae
 9. Salvadoraceae
10. Tovariaceae
11. Setchellanthaceae
12. Emblingiaceae

SUPERORDER MALVANAE
Order 75. Malvales

Family 1. Muntingiaceae
2. Tiliaceae
3. Dipterocarpaceae
4. Monotaceae
5. Sarcolaenaceae

6. Neuradaceae
 7. Sterculiaceae
 8. Diegodendraceae
 9. Sphaerosepalaceae
10. Bombacaceae
11. Malvaceae
12. Bixaceae
13. Cochlospermaceae
14. Cistaceae
15. Tepuianthaceae
16. Thymelaeaceae

Order 76. Urticales
Family 1. Ulmaceae

2. Moraceae
3. Cannabaceae
4. Cecropiaceae
5. Urticaceae

SUPERORDER EUPHORBIANAE
Order 77. Euphorbiales

Family 1. Phyllanthaceae
2. Putranjivaceae
3. Picrodendraceae
4. Euphorbiaceae
5. Pandaceae

Subclass VI. Rosidae

SUPERORDER ROSANAE
Order 78. Cunoniales

Family 1. Cunoniaceae
2. Brunelliaceae

Order 79. Anisophylleales
Family 1. Anisophylleaceae

Order 80. Cephalotales
Family 1. Cephalotaceae

Order 81. Saxifragales
Family  1. Tetracarpaeaceae

 2. Aphanopetalaceae
 3. Penthoraceae
 4. Crassulaceae
 5. Haloragaceae
 6. Gunneraceae
 7. Saxifragaceae
 8. Grossulariaceae
 9. Pterostemonaceae
10. Iteaceae

Order 82. Podostemales
Family 1. Podostemaceae



Synopsis xli

Order 83. Vitales
Family 1. Vitaceae

2. Leeaceae
Order 84. Rosales

Family 1. Rosaceae
2. Quillajaceae

Order 85. Crossosomatales
Family 1. Crossosomataceae

Order 86. Chrysobalanales
Family   1. Chrysobalanaceae

2. Dichapetalaceae
3. Trigoniaceae
4. Euphroniaceae

SUPERORDER MYRTANAE
Order 87. Myrtales

Family  1. Alzateaceae
 2. Rhynchocalycaceae
 3. Geissolomataceae
 4. Penaeaceae
 5. Oliniaceae
 6. Combretaceae
 7. Crypteroniaceae
 8. Memecylaceae
 9. Melastomataceae
10. Lythraceae
11. Trapaceae
12. Onagracea
13. Myrtaceae
14. Vochysiaceae

SUPERORDER FABANAE
Order 88. Fabales

Family 1. Fabaceae
Order 89. Polygalales

Family 1. Polygalaceae
SUPERORDER RUTANAE

Order 90. Oxalidales (Connarales)
Family 1. Connaraceae

2. Oxalidaceae
Order 91. Sapindales

Family 1. Staphyleaceae
2. Tapisciaceae
3. Sapindaceae
4. Hippocastanaceae
5. Aceraceae

Order 92. Sabiales
Famely 1. Sabiaceae

Order 93. Biebersteiniales
Family 1. Biebersteiniaceae

Order 94. Rutales
Family 1. Rutaceae

 2. Cneoraceae
 3. Simaroubaceae
 4. Picramniaceae
 5. Leitneriaceae
 6. Surianaceae
 7. Irvingiaceae
 8. Kirkiaceae
 9. Pteroxylaceae
10. Meliaceae
11. Burseraceae
12. Anacardiaceae
13. Podoaceae

Order 95. Coriariales
Family 1. Coriariaceae

Order 96. Corynocarpales
Family 1. Corynocarpaceae

Order 97. Geraniales
Family 1. Hypseocharitaceae

2. Geraniaceae
3. Vivianiaceae
4. Ledocarpaceae
5. Melianthaceae
6. Greyiaceae
7. Francoaceae

Order 98. Zygophyllales
Family 1. Zygophyllaceae

2. Balanitaceae
3. Peganaceae
4. Nitrariaceae
5. Tetradiclidaceae

Order 99. Linales
Family 1. Hugoniaceae

2. Linaceae
3. Ctenolophonaceae
4. lxonanthaceae
5. Humiriaceae
6. Erythroxylaceae
7. Rhizophoraceae

Order 100. Malpighiales
Family 1. Malpighiaceae

2. Krameriaceae
SUPERORDER CELASTRANAE

Order 101. Celastrales
Family 1. Goupiaceae

2. Lepidobotryaceae
3. Brexiaceae
4. Celastraceae
5. Plagiopteraceae
6. Lophopyxidaceae
7. Stackhousiaceae



xlii Synopsis

8. Parnassiaceae
9. Huaceae

SUPERORDER SANTALANAE
Order 102. Santalales

Family  1. Olacaceae
 2. Opiliaceae
 3. Aptandraceae
 4. Octoknemaceae
 5. Medusandraceae
 6. Santalaceae
 7. Misodendraceae
 8. Loranthaceae
 9. Viscaceae
10. Eremolepidaceae

SUPERORDER BALANOPHORANAE
Order 103. Cynomoriales

Family 1. Cynomoriaceae
Order 104. Balanophorales

Family 1. Balanophoraceae
SUPERORDER RHAMNANAE

Order 105. Rhamnales
Family 1. Rhamnaceae

2. Elaeagnaceae
3. Barbeyaceae
4. Dirachmaceae

Subclass VII. Asteridae

SUPERORDER CORNANAE
Order 106. Desfontainiales

Family  1. Escalloniaceae
 2. Eremosynaceae
 3. Abrophyllaceae
 4. Ixerbaceae
 5. Tribelaceae
 6. Kaliphoraceae
 7. Montiniaceae
 8. Columelliaceae
 9. Desfontainiaceae
10. Vahliaceae

Order 107. Bruniales
Family 1. Bruniaceae

Order 108. Loasales (Hydrangeales)
Family 1. Hydrangeaceae

2. Loasaceae
Order 109. Cornales

Family 1. Davidiaceae
2. Nyssaceae

3. Mastixiaceae
4. Curtisiaceae
5. Grubbiaceae
6. Cornaceae
7. Alangiaceae

Order 110. Garryales
Family 1. Garryaceae

2. Aucubaceae
Order 111. Eucommiales

Family 1. Eucommiaceae
Order 112. Dipsacales

Family 1. Viburnaceae
2. Sambucaceae
3. Adoxaceae
4. Caprifoliaceae
5. Valerianaceae
6. Triplostegiaceae
7. Dipsacaceae
8. Morinaceae

Order 113. Aquifoliales
Family 1. Aquifoliaceae

2. Icacinaceae
3. Helwingiaceae
4. Phyllonomaceae
5. Sphenostemonaceae
6. Cardiopteridaceae

Order 114. Apiales
Family 1. Pennantiaceae

2. Griseliniaceae
3. Aralidiaceae
4. Toricelliaceae
5. Melanophyllaceae
6. Pittosporaceae
7. Araliaceae
8. Myodocarpaceae
9. Apiaceae

SUPERORDER ASTERANAE
Order 115. Rousseales

Family 1. Rousseaceae
2. Carpodetaceae

Order 116. Campanulales
Family 1. Pentaphragmataceae

2. Sphenocleaceae
3. Campanulaceae

Order 117. Stylidiales
Family 1. Donatiaceae

2. Stylidiaceae
Order 118. Phellinales (Alseuosmiales)

Family 1. Phellinaceae



Synopsis xliii

2. Argophyllaceae
3. Corokiaceae
4. Alseuosmiaceae

Order 119. Asterales
Family 1. Goodeniaceae

2. Brunoniaceae
3. Menyanthaceae
4. Calyceraceae
5. Asteraceae

Subclass VIII. Lamiidae

SUPERORDER LAMIANAE
Order 120. Rubiales (Gentianales)

Family  1. Gelsemiaceae
 2. Loganiaceae
 3. Strychnaceae
 4. Antoniaceae
 5. Spigeliaceae
 6. Dialypetalanthaceae
 7. Rubiaceae
 8. Theligonaceae
 9. Gentianaceae
10. Geniostomaceae
11. Apocynaceae

Order 121. Solanales
Family 1. Solanaceae

2. Nolanaceae
3. Sclerophylacaceae
4. Duckeodendraceae
5. Goetzeaceae
6. Hydroleaceae
7. Convolvulaceae
8. Cuscutaceae
9. Humbertiaceae

Order 122. Boraginales
Family 1. Hydrophyllaceae

2. Boraginaceae
3. Hoplestigmataceae
4. Lennoaceae

Order 123. Oleales
Family 1. Oleaceae

Order 124. Lamiales
Family 1. Buddlejaceae

2. Polypremaceae
3. Tetrachondraceae
4. Calceolariaceae
5. Stilbaceae

 6. Scrophulariaceae
 7. Bignoniaceae
 8. Gesneriaceae
 9. Plocospermataceae
10. Carlemanniaceae
11. Globulariaceae
12. Plantaginaceae
13. Callitrichaceae
14. Hippuridaceae
15. Pedaliaceae
16. Martyniaceae
17. Trapellaceae
18. Myoporaceae
19. Oftiaceae
20. Acanthaceae
21. Avicenniaceae
22. Byblidaceae
23. Lentibulariaceae
24. Verbenaceae
25. Phrymataceae
26. Cyclocheilaceae
27. Nesogenaceae
28. Symphoremataceae
29. Lamiaceae

Order 125. Hydrostachyales
Family 1. Hydrostachyaceae

Class LILIOPSIDA
(MONOCOTYLEDONS)

Subclass I. Alismatidae

SUPERORDER PETROSAVIANAE
Order 1. Petrosaviales

Family 1. Japonoliriaceae
2. Petrosaviaceae
3. Tofi eldiaceae
4. Nartheciaceae

SUPERORDER ALISMATANAE
Order 2. Hydrocharitales

Family 1. Aponogetonaceae
2. Butomaceae
3. Najadaceae
4. Hydrocharitaceae

Order 3. Alismatales
Family 1. Limnocharitaceae

2. Alismataceae



xliv Synopsis

Order 4. Potamogetonales
Family 1. Scheuchzeriaceae

2. Juncaginaceae
3. Potamogetonaceae
4. Posidoniaceae
5. Ruppiaceae
6. Zannichelliaceae
7. Cymodoceaceae
8. Zosteraceae

SUPERORDER ARANAE
Order 5. Arales

Family 1. Acoraceae
2. Araceae
3. Pistaceae
4. Lemnaceae

Subclass II. Liliidae

SUPERORDER LILIANAE
Order 6. Melanthiales

Family 1. Melanthiaceae
Order 7. Trilliales

Family 1. Trilliaceae
Order 8. Liliales

Family 1. Campynemataceae
2. Colchicaceae
3. Tricyrtidaceae
4. Scoliopaceae
5. Calochortaceae
6. Liliaceae
7. Medeolaceae

Order 9. Burmanniales
Family 1. Burmanniaceae

2. Thismiaceae
3. Corsiaceae

Order 10. Alstroemeriales
Family 1. Luzuriagaceae

2. Behniaceae
3. Alstroemeriaceae
4. Petermanniaceae

Order 11. Smilacales
Family 1. Philesiaceae

2. Ripogonaceae
3. Smilacaceae

Order 12. Orchidales
Family 1. Blandfordiaceae

2. Asteliaceae
3. Lanariaceae

4. Hypoxidaceae
5. Orchidaceae

Order 13. Iridales
Family 1. Ixioliriaceae

2. Walleriaceae
3. Tecophilaeaceae
4. Cyanastraceae
5. Doryanthaceae
6. Geosiridaceae
7. Iridaceae

Order 14. Amaryllidales
Family  1. Hemerocallidaceae

 2. Phormiaceae
 3. Xeronemataceae
 4. Asphodelaceae
 5. Xanthorrhoeaceae
 6. Anthericaceae
 7. Anemarrhenaceae
 8. Hyacinthaceae
 9. Agavaceae
10. Themidaceae
11. Agapantaceae
12. Alliaceae
13. Amaryllidaceae
14. Herreriaceae
15. Aphyllanthaceae

Order 15. Asparagales
Family 1. Convallariaceae

2. Dracaenaceae
3. Nolinaceae
4. Ruscaceae
5. Asparagaceae
6. Eriospermaceae

SUPERORDER PANDANANAE
Order 16. Pandanales

Family 1. Pandanaceae
Order 17. Cyclanthales

Family 1. Cyclanthaceae
Order 18. Triuridales

Family 1. Triuridaceae
Order 19. Velloziales

Family 1. Velloziaceae
2. Acanthochlamydaceae

Order 20. Stemonales
Family 1. Stemonaceae

2. Pentastemonaceae
SUPERORDER DIOSCOREANAE

Order 21. Dioscoreales



Synopsis xlv

Family 1. Taccaceae
2. Stenomeridaceae
3. Dioscoreaceae
4. Trichopodaceae

Subclass III. Arecidae

SUPERORDER ARECANAE
Order 22. Arecales

Family 1. Arecaceae

Subclass IV. Commelinidae

SUPERORDER BROMELIANAE
Order 23. Bromeliales

Family 1. Bromeliaceae
SUPERORDER ZINGIBERANAE

Order 24. Zingiberales (Cannales)
Family 1. Strelitziaceae

2. Lowiaceae
3. Musaceae
4. Heliconiaceae
5. Zingiberaceae
6. Costaceae
7. Cannaceae
8. Marantaceae

SUPERORDER COMMELINANAE
Order 25. Commelinales

Family 1. Hanguanaceae
2. Commelinaceae

3. Philydraceae
4. Pontederiaceae
5. Haemodoraceae

Order 26. Xyridales
Family 1. Mayacaceae

2. Xyridaceae
3. Rapateaceae
4. Eriocaulaceae
5. Hydatellaceae

Order 27. Dasypogonales
Family 1. Baxteriaceae

2. Lomandraceae
3. Dasypogonaceae
4. Calectasiaceae

SUPERORDER JUNCANAE
Order 28. Juncales

Family 1. Thurniaceae
2. Juncaceae
3. Cyperaceae

SUPERORDER POANAE
Order 29. Typhales

Family 1. Sparganiaceae
2. Typhaceae

Order 30. Restionales
Family 1. Flagellariaceae

2. Joinvilleaceae
3. Restionaceae
4. Anarthriaceae
5. Ecdeiocoleaceae
6. Centrolepidaceae

Order 31. Poales
Family 1. Poaceae
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The characteristic features of the phylum (division) of 
Magnoliophyta are: (1) ovules are enclosed in a more 
or less completely closed cavity formed by one or by 
several to many separate or united carpels; (2) pollen 
grains are deposited not directly on the micropyle of 
the ovule but on the stigmatic surface, which is capable 
not only of receiving the pollen but also of assisting in 
the development of the pollen tube (initially the stig-
matic surface stretches along more or less free carpel-
lary margins, but in the majority of fl owering plants it 
is localized and forms a specialized stigma); (3) both 
male and female gametophytes are devoid of gametan-
gia (antheridia and archegonia) and are extremely sim-
plifi ed and specialized; (4) triple fusion: one of the two 
male gametes fuses with the egg cell (syngamy), and 
the other with two free or already fused polar nuclei of 
the central cell of the female gametophyte; as a result 
of triple fusion a diploid zygote and a triploid primary 
nucleus of the endosperm are formed; although in the 
Podostemaceae and Orchidaceae the endosperm fails 
to develop or degenerates early in ontogeny, the triple 
fusion is a characteristic feature of magnoliophytes, 
sharply distinguishing them from all other plants; (5) 
sieve elements with companion cells.

The fl owering plants, also known as the  angiosperms, 
constitute the largest and most conspicuous group of 
modern plants. They predominate in number of spe-
cies and number individuals, and constitute the domi-
nant vegetation of the Earth’s surface today. Flowering 
plants inhabit the most diversifi ed environments and 
may be found wherever higher plants can survive. 
They have evolved a remarkable variety of life forms, 
a much greater variety than is to be found in the other 
phyla of the plant kingdom. They range in life span 
from a few weeks to several thousand years.
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Embryo usually with two cotyledons, sometimes one, 
rarely with three or four. Cotyledons commonly with 
three vascular bundles. Leaves mostly petioled. 
Venation typically reticulate, either pinnate or palmate, 
and mostly not closed (with free vein endings). Leaf 
traces 1–3, seldom more. Prophylls and bracteoles 
are usually paired. Plumule terminal. Vascular bundles 
usually arranged in a ring, seldom in two or more rings 
or scattered. The root system mostly that of a tap root 
from which side branches arise. The root cap and 
 epidermis mostly of a common ontogenetical origin. 
Plants woody or herbaceous, frequently secondarily 
arborescent. Epicuticular wax ultrastructure mostly of 
Aristolochia-type, but in Winteraceae and Canellaceae 
they are of Berberis-type. Plastids of the sieve ele-
ments of S-type or less often of P-type. Flowers mostly 
5- or (less frequently) 4-merous and only in some 
mainly archaic groups 3-merous. Floral nectaries of 
various types but never septal or nectaries absent. 
Pollen grains typically triaperturate or of triap- erturate-
derived type, except in some archaic families, where 
they are distally uniaperturate or rarely biaperturate. 
The class Magnoliopsida includes 8 subclasses, 
125 orders, c. 440 families, almost 10,500 genera, and 
no less than 195,000 species.

Bibliography

Baas P, E Wheeler, and M Chase. 2000. Dicotyledonous wood 
anatomy and the APG system of angiosperm classifi cation. 
Bot. J. Linn. Soc. 134: 3–17.

Baas P, S Jansen, E Smets, and EA Wheeler. 2003. Ecological 
adaptations and deep phylogenetic splits – evidence and 
questions from the secondary xylem. In: TF Stuessy, 
V Mayer, and E Hörandl, eds. Deep morphology: toward a 

renaissance of morphology in plant systematics, pp. 221–240. 
A.R.G. Gantner Verlag, Liechtenstein.

Bate-Smith EC. 1962. The phenolic constituents of plants and 
their taxonomic signifi cance: I. Dicotyledons. Bot. J. Linn. 
Soc. 58: 95–173.

Behnke H-D. 1991. Distribution and evolution of forms and 
types of sieve-element plastids in the dicotyledons. Aliso 13: 
167–182.

Boros CA and FR Stermitz. 1990. Iridoids. An updated review, I. 
J. Nat. Prod. 53: 1055–1147.

Boros CA and FR Stermitz. 1991. Iridoids. An updated review, II. 
J. Nat. Prod. 54: 1172–1246.

Burr B und W Barthlott. 1993. Untersuchungen zur Ultra-
violettrefl exion von Angiospermenblüten II. Magnoliidae, 
Ranunculidae, Hamamelididae, Caryophyllidae, Rosidae. 
Akad. Wiss. Lit. (Münz). Trop. Subtrop. Pfl anzenwelt, vol. 
87. Stuttgart.

Carlquist S. 1984. Vessel grouping in dicotyledon woods: sig-
nifi cance and relationship to imperforate tracheary elements. 
Aliso 10: 505–525.

Carlquist S. 1992. Wood anatomy of sympetalous dicotyledon 
families: a summary with comments on systematic relation-
ships and evolution of the woody habit. Ann. Missouri Bot. 
Gard. 79: 303–332.

Carlquist S. 2001. Comparative wood anatomy. Systematic, 
 ecological, and evolutionary aspects of dicotyledon wood, 
2nd ed. Springer-Verlag, Berlin.

Carpenter KJ. 2005. Stomatal architecture and evolution in basal 
angiosperms. Am. J. Bot. 92: 1595–1615.

Corner EJH. 1976. The seeds of dicotyledons, 2 vols. Cambridge 
University Press, Cambridge.

Cutler DF and M Gregory. 1998. Anatomy of the dicotyledons, 
vol. IV. Saxifragales (sensu Armen Takhtajan 1983), 2nd 
edition. Clarendon, Oxford.

Dahlgren G. 1989. The last Dahlgrenogram: system of classifi -
cation of the dicotyledons. In: K Tan, RR Mill, and TS Elias, 
eds. Plant taxonomy, phytogeography, and related subjects, 
pp. 249–260. University Press Edinburgh.

Dahlgren G. 1991. Steps toward a natural system of the dicoty-
ledons. Aliso 13: 107–165.

Davis CC and KJ Wurdack. 2004. Host-to-parasite gene 
 trans fer in fl owering plants: phylogenetic evidence from 
Malpighiales. Science 305: 676–678.

Ditsch F and W Barthlott. 1997. Mikromorphologie der 
Epicuticularwachse und das System der Dilleniidae und 

Class MAGNOLIOPSIDA 
(DICOTYLEDONS)



8 Class MAGNOLIOPSIDA

Rosidae. Akad. Wiss. Lit. (Münz). Trop. Subtrop. 
Pfl anzenwelt, vol. 97. Stuttgart.

Doyle JA and PK Endress. 2000. Morphological phylogenetic 
analyses of basal angiosperms: comparison and combination 
with molecular data. Int. J. Plant Sci. 161(6, Suppl.): 
S121–S153.

Drinnan AN, PR Crane, and SB Hoot. 1994. Patterns of fl oral 
evolution in the early diversifi cation of non-magnoliid dicot-
yledons (eudicots). In: PK Endress and EM Friis, eds. Early 
evolution of fl owers, pp. 93–122 Vienna (Plant Syst. Evol. 
Suppl. 8).

Endress PK. 1994. Floral structure and evolution of primitive 
angiosperms: recent advance. Plant. Syst. Evol. 192: 79–97.

Endress PK. 2004. Structure and relationships of basal relictual 
angiosperms. Aust. Syst. Bot. J. 17: 343–366.

Endress PK. 2005. The role of morphology in angiosperm evo-
lutionary studies. Nova Acta Leopold. 92.

Endress PK and A Igersheim. 1999. Gynoecium diversity and 
systematics of the basal eudicots. Bot. J. Linn. Soc. 130: 
305–393.

Friedman WE and JH Williams. 2003. Modularity of the angio-
sperm female gametophyte and its bearing on the early evo-
lution of endosperm in fl owering plants. Evolution 57: 
216–230.

Friedman WE and JH Williams. 2004. Developmental evolution 
of the sexual process in ancient fl owering plant lineages. 
Plant Cell 16: S119–S132.

Friedman WE, RC Moore, and MD Purugganan. 2004. The evo-
lution of plant development. Am. J. Bot. 91: 1726–1741.

Friis EM, PR Crane, and KP Pedersen. 1997. Fossil history of 
magnoliid angiosperms. In: K. Iwatsuki and PH Raven, eds. 
Evolution and diversifi cation of land plants, pp. 121–156. 
Springer, Tokyo.

Furness CA and PJ Rudall. 2004. Pollen aperture evolution – a 
crucial factor for eudicot success? Trends Plant Sci. 9: 
154–158.

Furness CA, PJ Rudall, and FB Sampson. 2002. Evolution of 
microsporogenesis in angiosperms. Int. J. Plant Sci. 163: 
235–260.

Goldberg A. 1986. Classifi cation, evolution, and phylogeny of 
the families of dicotyledons. Smithsonian Contr. Bot. 58: 
1–314.

Gregory M and P Baas. 1989. A survey of mucilage cells in 
vegetative organs of the dicotyledons. Israel J. Bot. 38: 
125–174.

Gundersen A. 1950. Families of Dicotyledons. Chronica 
Botanica, Waltham, MA.

Hallier H. 1908. Über Juliania, eine Terebinthaceen-Gattung 
mit Cupula und die wahren Stammeltern der Kätzchen-
blüthler. Neue Beiträge zur Stammesgeschichte nebst einer 
Übersicht über das natürliche System der Dicotyledonen. 
Beih. Bot. Centralbl. Bd. 23, Heft 2: 81–265.

Hennig S, W Barthlott, I Meusel, und I Theisen. 1994. 
Mikromorphologie der Epicuticularwachse und die Syste m-
atik der Magnoliidae, Ranunculidae und Hamamelididae. 
Trop. Subtrop. Pfl anzenwelt 90: 1–60.

Hoot SB, S Magallón, and PR Crane. 1999. Phylogeny of basal 
eudicots based on three molecular data sets: atpB, rbcL, and 
18S nuclear ribosomal DNA sequences. Ann. Missouri Bot. 
Gard. 86: 1–32.

Hutchinson J. 1964. The genera of fl owering plants: Dicoty-
ledons, 2 vols. Clarendon, Oxford.

Igersheim A and PK Endress. 1998. Gynoecium diversity and sys-
tematics of the paleoherbs. Bot. J. Linn. Soc. 127: 289–370.

Jensen U. 1991. Stages towards the natural system of the 
Dicotyledons: serological characters. Aliso 13: 183–190.

Metcaife CR and L Chalk. 1950. Anatomy of the dicotyledons, 
2 vols. Clarendon, Oxford.

Metcaife CR and L Chalk. 1979, 1983, 1987. Anatomy of the 
dicotyledons, 2d ed, 3 vols. (to be continued). Clarendon, 
Oxford.

Philipson WR. 1961. Relationship and convergence in angio-
sperms. Phytomorphology 10: 367–376.

Philipson WR. 1974. Ovular morphology and the major classifi -
cation of the dicotyledons. Bot. J. Linn. Soc. 68: 89–108.

Philipson WR. 1975. Evolutionary lines within the dicotyledons. 
New Zealand J. Bot. 13: 73–91.

Philipson WR and EE Balfour. 1963. Vascular patterns in dicot-
yledons. Bot. Rev. 29: 382–404.

Ronse Decraene LP and EF Smets. 1996. The morphological 
variation and systematic value of stamen pairs in the 
Magnoliatae. Feddes Repert. 107: 1–17.

Savolainen V, MF Fay, DC Albach, A Backlund, M van der 
Bank, KM Cameron, SA Johnson, MD Lledó, J-C Pintaud, 
M Powell, MC Sheahan, DE Soltis, PS Soltis, P Weston, 
WM Whitten, KJ Wurdack, and MW Chase. 2000. Phylogeny 
of the eudicots: a nearly complete familial analysis based on 
rbcL gene sequences. Kew Bull. 55: 257–309.

Smets EF. 1986. Localization and systematic importance of the 
fl oral nectaries in the Magnoliatae (dicotyledons). Bull. Jard. 
Bot. Nat. Belg. 56: 51–76.

Soares GLG and Kaplan MAC. 2001. Analysis of fl avone- 
fl avonol ratio in Dicotyledoneae. Bot. J. Linn. Soc. 135: 61–66.

Takhtajan A. 1983. The systematic arrangement of dicotyledon-
ous families. In: CR Metcaife and L Chalk, eds. Anatomy of 
the dicotyledons, vol. 2, 2nd ed, pp. 180–201. Clarendon, 
Oxford.

Theisen I and W Barthlott. 1994. Mikromorphologie der 
Epicuticularwachse und die Systematik der Gentianales, 
Rubiales, Dipsacales und Calycerales. Trop. Subtrop. 
Pfl anzenwelt 89: 1–62.

Thomas V. 1991. Structural, functional and phylogenetic aspects 
of the colleter. Ann. Bot. 68: 287–305.

Vogel S. 1997. Remarkable nectaries: structure, ecology, organo-
phyletic perspectives. I. Substitutive nectaries. Flora 192: 
305–333.

Vogel S. 1998a. Remarkable nectaries: structure, ecology, organo-
phyletic perspectives. II. Nectarioles. Flora 193: 1–29.

Von Teichman I and AE van Wyk. 1991. Trends in the evolution 
of dicotyledonous seeds based on character associations, 
with special reference to pachychalazy and recalcitrance. 
Bot. J. Linn. Soc. 105: 211–237.

Walker JW and JA Doyle. 1975. The bases of angiosperm phy-
logeny: palynology. Ann. Missouri Bot. Gard. 62: 664–723.

Zahur MS. 1959. Comparative study of secondary phloem of 
423 species of woody dicotyledons belonging to 85 families. 
Mem. Cornell Univ. Agric. Exp. Sta., no. 358.

Zanis MJ, PS Soltis, Y-L Qui, EA Zimmer, and DE Soltis. 2003. 
Phylogenetic analyses and perianth evolution in basal angio-
sperms. Ann. Missouri Bot. Gard. 90: 129–150.



Dicotyledonous Family of Incertae Position 9

Dicotyledonous Family of Incertae 
Position

1. HAPTANTHACEAE

C. Nelson 2002. (Isonym: Haptanthaceae Shipunov in 
Zhurn. Obshchei Biol. 64: 504. 2003, validated by a 
diagnosis in Latin). 1/1. Honduras (from 5 km south-
east of Mataras, Alantida).

Evergreen glabrous tree. Vessels with scalariform 
perforations or scalariform and reticulate; scalariform 
perforations with 30–35 bars. Axial parenchyma 
 apotracheal; wood rays uniseriate and heterocellular. 
Tracheids with circular pits; fi bers storied. Leaves 
opposite, estipulate. Flowers in axillary cymose, uni-
sexual (plant monoecious), 2-merous. Male fl owers: 
petal absent, stamen inserted at different levels on 
androphore; each stamen with minute bracteole; fi la-
ments fl attened; anthers 2-locular, basifi xed. Pollen 

grains small, tricolpate and reticulate. Female fl owers: 
petals ? four, staminodes absent. Gynoecium of three 
carpels, stipitate; styles three, thick, linear, arched, 
united at the base; ovary superior, unilacunar, with 
three parietal placentas, each with 8–15 two-ranked 
ovules; ovules bitegmic; placentas and ovary wall 
deeply intruded into the locule for part of the ovary. 
Fruit unknown, perhaps a berry.
Haptanthus
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Woody or herbaceous plants. Secretory cells with oily 
contents ordinarily present in the parenchymatous 
 tissues. Vessels with scalariform or simple perfora-
tions or vessels wanting. Sieve-element plastids  usually 
containing protein crystalloid (Pc-type) or fi laments 
(Pf-type), often also starch, in some families only 
starch (S-type). Stomata commonly paracytic. Flowers 
bisexual or less often unisexual, frequently spiral or 
spirocyclic, actinomorphic. Stamens mostly numer-
ous. Tapetum usually secretory. Microsporo genesis 
successive or simultaneous. Pollen grains 2-celled or 
less often 3-celled, 1-colpate, 2-colpate, 3–6-colpate, 
rugate, porate, or often inaperturate. Gynoecium 
mostly apocarpous. Ovules bitegmic or much less 
often unitegmic, usually crassinucellate. Endosperm 
cellular or nuclear. Seeds mostly with small or minute 
embryo and copious endosperm, sometimes accompa-
nied or largely replaced by perisperm. Cotyledons 
typically 2, but occasionally 3 or 4 (Degeneriaceae, 
Idiospermaceae). Commonly producing neolignans 
and/or benzyl isoquinoline alkaloids, but without 
ellagic acid and iridoid compounds.

The subclass Magnoliidae includes a number of 
relatively very archaic orders and families of fl owering 
plants. All of them are extremely heterobathmic, that 
is, they have a very disharmonious combination of 
both primitive and derived characters.

Different families of the magnoliids developed in 
different directions. Although all of them most proba-
bly evolved from a common ancestral stock.

The basal group of fl owering plants are superorder 
Nymphaeanae, which include the most archaic fami-
lies, beginning with Amborellaceae and ending with 
Ceratophyllaceae.
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Superorder NYMPHAEANAE

Order 1. AMBORELLALES

Evergreen shrubs with several stems from common 
base up to 8 m; young parts tomentose or glabrous. 
Nodes unilacunar with a single trace. Xylem ves-
selless. Axial parenchyma scanty diffuse; pericycle 
with hippocrepiform sclereids. Rays 1-2-(5)-seriate; 
ray cells have lignifi ed secondary walls and contains 
droplets or massive yellowish to brownish deposits. 
Piths homogeneous, composed of thick-walled, pitted 
parenchyma, but devoid of sclerenchymatous cells. 
Sieve-element plastids of Ss-type (Behnke 2002). Oil 
cells and mucilage cells absent. Leaves alternate, at 
fi rst spirally arranged, later distichous, simple, entire, 
or repand and obscurely dentate. Stomata paracytic to 
anomocytic. Flowers in small, botryoids or poorly 
ramifi ed panicles (Endress and Igersheim 2000), uni-
sexual, dioecious, with a slightly convex receptacle 
bearing bracteoles that grade into the larger perianth 
segments; fl oral members spirally arranged. Male 
fl owers with 9–11, inconspicuous perianth segments; 
approximately 5 perianth segments are the largest 
ones. They are refl exed in the open fl owers. Toward the 

base of the fl ower these organs are gradually smaller 
and bractlike, but there is no clear separation into a 
zone of bracts and a zone of perianth segments (Endress 
and Igersheim 2000). Stamens 12–21 with short fi la-
ment, inserted spirally on the inner surface of the 
receptacle; anthers triangular, tetrasporangiate, two 
pollen sacs somewhat separated, opening longitudi-
nally; connective slightly prolonged. Pollen grains 
oblate to spheroidal and monoaperturate (ulcerate) at 
the distal pole, with a poorly defi ned aperture margin; 
the exine consists in the nonapertural region of ektex-
inous unique tecta elements (“cupules”), a smooth foot 
layer, and a thin, nonlamellate endexine (Hesse 2001). 
Microsporogenesis successive. Female fl owers with 
7–8 perianth segments, 1–2 staminodia (rarely 3 or 
none); gynoecium of 5, obovoid, shortly stipitate, free 
carpels in a single cycle at the center of the receptacle; 
commonly only 3 carpels develop into a fruitlets 
(Endress and Igersheim 2000), carpels unsealed at the 
tip, with single ovule attached to the lower ventral 
wall; stigma large, cup-like, sessile, with 2 conspicu-
ous fl anges, shortly decurrent. Ovule pendant, typi-
cally orthotropous (the chalaza and micropyle are in a 
line although the funiculus is curved – Yamada et al. 
2001), crassinucellate, bitegmic, outer integument 4–5 
cells across, micropyle endostomal. Female gameto-
phyte of Polygonum-type. Endosperm formation is if 
ab initio cellular (Tobe et al. 2000). Fruits of oblique, 
fl eshy drupaceous, its wall is formed by both endocarp 
and mesocarp. Seeds with weakly differentiated mem-
branous testa; seed exsotestal-endotegmic; embryo 
basal, minute, endosperm copious, fl eshy, contains 
protein. The Amborellaceae are weak accumulators of 
aluminium (Metcalfe 1987). n = 13.

1. AMBORELLACEAE

Pichon 1948. 1/1. New Caledonia.
Amborella.
The shrubby Amborella trichopoda is very hetero-

bathmic and combines both very primitive and a highly 
specialized features. According to Hesse (2001), “the 
unique tectal elements (cupules) and the thick homo-
geneous endexine, which form an odd operculum in 
the apertural area, are unusual angiosperm pollen char-
acters”. According to Carlquist and Schneider (2001) 
“Amborella shares stomatal confi gurations nodal type 
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(in part), ray types, and porose pit membranes in 
 tracheary elements with Illiciales s.l., but differs from 
that order in lacking oil cells, vessels and grouped 
axial parenchyma cells.” However it is very isolated 
genus and one of the most archaic taxon within the 
Magnoliidae. It differs from all other Magnolliids in its 
many respects, including structure of unique type of 
pericarp, and deserve the ordered status (Melikian 
et al. 1999). Amborella is one of the most remarkable 
living fossils which most probably originated directly 
from the earlier angiosperm.
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Order 2. NYMPHAEALES

Herbaceous aquatic plants with generally submerged 
or fl oating leaves; 4-celled uniseriate secretory 
trichomes with a large terminal cell. Parenchymatous 
tissues without ethereal oil cells and with conspicuous 
air-passages and with laticifers. Vascular bundles 
closed, scattered, or less commonly in one or more 
rings. Vessels absent. Sieve-element plastids of S-type. 
Leaves spiral, involute, peltate (divided), simple, entire 
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or margin toothed, stipulate (the stipules median- 
axillary), or estipulate. Stomata anomocytic. Flowers 
solitary, often large, bisexual, actinomorphic, mostly 
spirocyclic. Perianth basically 3-merous. Stamens usu-
ally numerous; fi laments free; anthers extrorse or 
latrorse, tetrasporangiate, opening longitudinally. 
Tapetum secretory. Microsporogenesis mostly simul-
taneous. Pollen grains 3-celled or (Cabomba) 2-celled, 
1-colpate, zonocolpate, or inaperturate, mostly in 
monads. Gynoecium apocarpous or syncarpous. 
Carpels 1–50, large to very large. Ovules 3–400, usu-
ally anatropous with cup-shaped outer integument, 
bitegmic, crassinucellate. Endosperm usually cellular. 
Female gametophyte of Polygonum-type or rarely also 
both Polygonum- and Oenothera-type (Orban and 
Bouharmont 1998). Fruits of various types. Seeds 
operculate, exotesta palisade, mostly with small 
embryo; endosperm scanty, perisperm present or 
absent, with or without arillus. Without benzyl isoqui-
noline alkaloids, but with pseudoalkaloids based on 
sesquiterpenes and ellagitanninses.

There is every reason for considering the superorder 
Nymphaeanae as a hydrophilous derivative of some 
ancient vesselless arborescent or subherbaceous mag-
noliid, most likely of inhabitants of moist or marshy 
places, whose vegetative organs became modifi ed in 
an aquatic environment. According to Arber (1920: 
309), the nymphaeids “descended from a stock closely 
related to that which gave rise to the monocotyledons.” 
The nymphaeids and some liliopsids, particularly the 
Alismatidae, do indeed have much in common. Besides 
the apocarpous gynoecium with laminar-diffuse pla-
centation of the ovules, pollen grain morphology, atac-
tostelic vascular cylinder, more or less reduced primary 
root, and similar arrangement of the prophylls, there 
are also striking similarities in the “liorhizous” type of 
root development (because of the presence of second-
ary dermatogen, their root-cap is sharply cut off from 
the rhizodermis) (van Tieghem 1886; Voronin 1966; 
Voronkina 1974), and similar formation of the plumule 
(Meyer 1960). It is therefore not surprising that some 
botanists regarded Nymphaeaceae s. 1. as monocots 
(Trecul 1845; Seidel 1869; Schaffner 1904, 1934; 
Cook 1906; Guttenberg and Müller-Schroeder 1958). 
But in spite of many similarities with the monocots, 
nymphaeids are dicotyledonous, and their affi nity with 
the basal Magnoliidaes, especially with Amborellales, 
is supported also by molecular data (see Qiu et al. 
1993, 1999; D. Soltis et al. 2000; Zanis et al. 2002, 
and others).

Key to Families
1 Plants with leafy stems coated with a mucilaginous 

secretion. Sclerenchymatous idioblasts lacking. 
Flowers relatively small. Microsporogenesis simul-
taneous or successive. Female gametophyte of 
Schisandra-subtype of Oenothera-type (at least in 
Cabombaceae). Endosperm helobial with chalazal 
haustorium. Fruits coriaceous, follicle like or 
achene like. Seeds exarillate.
2 Submerged parts with thick, transparent, gelati-

nous sheath; stems encased in a thick layer of 
mucilage; there are paired, glandular patches at 
the nodes. Leaves monomorphic, all alternate, 
estipulate, with fl oating entire and peltate laminas. 
Flowers without nectariferous spurs, anemophil-
ous. Perianth only slightly differentiated into 
sepals and petals, dull- purple. Sepals and petals 3 
or 4 each. Stamens 18–36. Anthers latrorse. 
Microsporogenesis simultaneous. Pollen grains 
3-celled, the exine scabrate. Carpels 4–22, large; 
stylodium short, with linear, decurrent, and 
extremely papillate stigma. Ovules 1 or 2 per car-
pel, large to very large, dorsal or near dorsal. 
Antipodals ephemeral. Fruits achenelike, contain-
ing 1–2 seeds, n = 40.. . . . l. hydropeltidaceae.

2 Plants rhizomatous, without a gelatinous sheath. 
Leaves dimorphic, submerged opposite or verticil-
late, palmately dissected into linear segments, 
estipulate, fl oating ones few, peltate, usually alter-
nate. Flowers with nectariferous spurs at the adaxial 
base of petals, myophilous. Perianth clearly differ-
entiated into sepals and petals, white to yellow or 
purple. Sepals and petals (2)3(-4) each. Stamens 3 
or 6. Microsporogenesis successive. Anthers 
extrorse to latrorse. Pollen grains 2-celled, with stri-
ate ornamentation composed of parallel rods. 
Carpels (1-)2-18, small to medium-sized, whorled, 
occasionally connate at the base; stylodium long, 
with a spherical papillate stigma. Ovules (1)2-3 per 
carpel, the upper ovule ventral, the two lower ones 
lateral. micropyle endostomal. Antipodals lacking. 
Fruits follicle like or achenes, dehiscing along the 
 dorsal side, containing 2–4 seeds. Alkaloids absent, 
n = 40, 48, 52.  . . . . . . . . . . . . . . .2. cabombaceae.

1 Acaulescent perennial or rarely annual plants with 
leaves arising directly from the horizontal or verti-
cal rhizomes. Branched sclerenchymatous idio-
blasts common. Nonbranched articulated laticifers 
occur throughout the ground tissue and usually 
associated with the vascular tissue. Flowers large, 
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generally emergent. Fruits spongy berries. Seeds 
arillate or exarillate.
3 Petals distinct, very rarely absent. Stamens free. 

Pollen grains 3-celled, I-colpate or more often 
zonocolpate. Ovules anatropous. Endosperm cel-
lular. Seeds  arillate or exarillate, not spiny. Aquatic, 
rhizomatous herbs. Leaves medium-sized to large, 
alternate, simple, petiolate, usually more or less 
peltate, stipulate or estipulate. Flowers solitary, 
large. Calyx imbricate; corolla 0–70, imbricate. 
Stamens 14–200, petaloid, or laminar, of fi lanther-
ous; anthers adnate, non-versatile, introrse. 
Gynoecium of 5–35 carpels; ovary  5–35- locular, 
 superior to partly inferior. Ovules 10–100 per loc-
ule, orthotropous or anatropous, arillate or non- 
arillate. Fruit fl eshy, dehiscent or indehiscent, or a 
 schizocarp. Seed numerous; embryo green or 
white, straight; endosperm and perisperm present. 
Proantho cyanidins (cyanidin or delphinidin) pres-
ent, fl avonols (kaempferol, quercetin, or myrice-
tin) present or (Nuphar) absent, n = 10–12, 
14–18. . . . . . . . . . . . . . . . . . . 3. nymphaeaceae.

3 Petals connate into a lobed tube. Stamens 20–30, 
attached to the corolla tube, free of one another. 
Pollen grains 2-celled, inaperturate, with a 
reduced exine. Ovary inferior. Ovules orthotro-
pous. Seeds exarillate, spiny. Stemless, laticiferous 
herbs. Laticifers in leaves, stems, roots, in fl owers, 
and in the fruits. Leaves  fl oating,  alternate, mem-
branous, simple, long petiolate,  estipulate. Flowers 
solitary, long-pedunculate, but often not reaching 
the surface of the water, at least sometimes cleis-
togamous. Corolla 12–50 lobes; Staminodes 
15–20, external to the fertile stamens. Filaments 
short; anthers basifi xed, non-versatile, 2-locular. 
Gynoecium of 8–14 carpels; ovary 8–14-locular, 
ovules 30–50 per locule. Fruit a berry; seeds 
numerous, densely rather softly spinulose; embryo 
minute, well differentiated; perisperm and 
endosperm present, n = 17, 18.  4. barclayaceae

1. HYDROPELTIDACEAE

Dumortier 1822. 1/1. Eastern Himalayas (Bhutan), 
Assam, eastern Asia, eastern Australia, tropical Africa, 
North America (from Alaska to Florida), Central 
America, West Indies.

Brasenia (Hydropeltis).

2. CABOMBACEAE

Richard ex A. Richard 1822. 1/5. Warm-temperate and 
tropical regions of America.

Cabomba.
Closely related to the Hydropeltidaceae, which are 

usually included in the Cabombaceae. However, Moseley 
et al. (1984), comparing anatomical and morphological 
features of both vegetative organs and fl owers in Brasenia 
and Cabomba) came to the conclusion that the two gen-
era are more distant taxonomically than commonly 
assumed. This view is also shared by Collinson (1980). 
According to Osborn et al. (1991: 1367), “there is little 
argument that Brasenia and Cabomba are closely linked.” 
The differences are so many that I fi nd it necessary to 
accept Dumortier’s family Hydropeltidaceae.

3. NYMPHAEACEAE

R. A. Salisbury 1805 (including Euryalaceae J. Agardh 
1858; Nupharaceae Kerner 1891). 5/75. Almost cos-
mopolitan, in fresh water habitats. Nuphar (20) tem-
perate and cold regions of the Northern Hemisphere, 
Victoria (2) in tropical South America, Euryale (1) in 
northern India, China, and Japan, Ondinea (1) in north-
ern western Australia (sandstone streams of the north-
ern Kimberley region).

3.1 NUPHAROIDEAE
Gynoecium superior, its distal part forming a fl attened 
to somewhat concave disc with rays of stigmatic tissue. 
The stigmatic area is displayed on a fl at plate. Pollen 
spiny. Carpels 5-23(-30), glabrous. Sepals 5–17. Petals 
small, each with an abaxial nectary. Nucellar cap pres-
ent. Seeds exarillate. Aquatic herbs with stout rhizomes. 
Leaves large, entire, with basal sinus,  submersed, fl oat-
ing or standing erect above water. n = 17. –Nuphar.

3.2 NYMPHAEOIDEAE
Gynoecium inferior to semi-inferior, its distal part 
cup-shaped and covered with stigmatic tissue. Leaf 
veins, peduncles, sepals, and petals not aculeate. The 
stigmatic area is displayed on a concave groove. Pollen 
grains in monads. Carpels 3–47, covered by 
 pluricellular-uniseriate hairs. Sepals 4, rarely 5. Petals 
(0)4-5 to numerous, not small, without nectaries (?). 
Seeds arillate. n = 10–12, 14–18. – nymphaeeae: 
Nymphaea; ondineae: Ondinea.
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3.3 EURYALOIDEAE
Leaf veins, peduncles, sepals, and petals aculeate. 
Pollen grains in tetrads. – Euryale, Victoria.

4. BARCLAYACEAE

H. L. Li 1955. 1/4. Thailand and Burma to East Malesia.
Barclaya (Hydrostemma).
Close to the Nymphaeaceae, but differ from them in 

some important features, including congenital carpel 
fusion encompasses a considerable part of these “ stylar 
processes”, and are more advanced.
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Order 3. AUSTROBAILEYALES

Large scandent shrubs to high climbing lianas with 
loosely twining main stem and straight, leafy lateral 
branches, containing more or less spherical oil cells in 
the leaf mesophyll and the outer cortex and surrounding 
phloem of young stem and calcium oxalate crystals in 
the form of crystal sand in the cortex. Nodes unilacunar, 
with two traces. Vessels with scalariform perforations; 
lateral pits rare, scalariform to opposite or alternate. 
Fibers with conspicuous bordered pits on thick-walled 
tracheids devoid of living contents when mature and 
vestigial bordered pits on septate  fi ber-tracheids con-
taining several nuclei. Rays heterogeneous, tall, mixed 
uniseriate and multiseriate. Axial parenchyma paratra-
cheal. Phloem of primitive type with often extremely 
inclined compound sieve plates; sieve-element plastids 
of S-type with about 20 globular starch grains, which 
are the largest among Magnolianae. Leaves opposite or 
subopposite, simple, entire, pinnately veined, estipulate. 
Stomata laterocytic (Baranova 2004). Flowers rather 
large, ca. 5 cm in diameter, solitary in the axils of foliage 
leaves or sometimes terminating a longer shoot, bisex-
ual, actinomorphic, spiral, with conical receptacle, more 
or less pendant when open, entomophilous, emitting a 
strong smell of decaying fi sh. Perianth of 19–24 free, 
imbricate segments in compacted spiral, gradually larger 
from the outer glossy green sepaloid ones to the inner 
petaloid ones, which are yellowish-green with red dots. 
The transition between bracteoles and tepals is gradual 
as well. Stamens 7–11, spirally arranged, with a com-
plex vascular bundle, with markedly  papillose surface 
and irregular dark purple spots  concentrated mainly on 
the apical and basal parts on both surfaces, the outer 
6–11 fertile, the inner 9–16 gradually reduced and ster-

ile; fertile stamens laminar, not differentiated into fi la-
ment and connective, change from relatively fl at to 
strongly boat-shaped, and the innermost stamens 
approach in outline the narrow, plicate, and irregularly 
ridged inner staminodia; anthers of four elongate 
microsporangia borne in two pairs on the adaxial side, 
dehiscing by longitudinal slits. Tapetum secretory. 
Microsporogenesis simultaneous. Pollen grains 2-celled, 
globose, monocolpate, tectate-columellate, markedly 
rugulate, with very marked aperture margin and gem-
mate aperture surface. Gynoecium of (6-)9(-14) large, 
free and spirally arranged, stipitate, completely sealed 
and extremely ascidate carpels, each with an excentric, 
adaxially displaced, elongate, and strongly bilobed sty-
lodium and decurrent, papillate stigma. The carpel wall 
has cells with oxalate druses and crystals and tannifer-
ous cells. Ovules large, (4)6-8(-10) in each carpel, 
arranged alternately in two parallel series at the adaxial 
side, anatropous with hood-shaped outer integument 
(Yamada et al. 2001), bitegmic, crassinucellate, micro-
pyle endostomal. Female gametophyte of Polygonum-
type. Fruitlets up to 8 cm long, ellipsoid-globose, orange, 
fl eshy, berrylike, with a long stalk, with  several seeds, 
resembling certain Annonaceae (e.g., Asinine). Seeds 
large, lenticular, the inner layer of the outer integument 
forming a protective inner part with lignifi ed cell wall 
and a parenchymatous outer part forming a thin mealy-
pulpy sarcotesta; embryo very small, straight; endosperm 
copious, starchy, ruminate. Producing several neolign-
ans and lignans, but lacking alkaloids, n = 22.

The monotypic order Austrobaileyales is very dis-
tinct and taxonomically isolated within the Magnoliidae 
and its taxonomic position is a matter of dispute. 
According to the Angiosperm Phylogeny Group 
(2003), Austrobaileyaceae are grouped with the 
 vessel-bearing families Illiciaceae and Schisandraceae 
into an order that could be called an expanded version 
of Illiciales. Carlquist (2001) concludes that vegetative 
anatomy as a whole supports the concept of an 
expanded Illiciales. The Austrobaileyaceae represent 
one of the most ancient independent group and are one 
the most remarkable “living fossils” among the archaic 
fl owering plants.

1. AUSTROBAILEYACEAE

Croizat 1943. 1/1. Northern Queensland.
Austrobaileya.
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Order 4. ILLICIALES

Small trees, shrubs, or woody lianas. Nodes  unilacunar. 
Vessels with scalariform, simple or mixed  perforations; 
lateral pitting scalariform to opposite. Fibers with 
 conspicuous bordered piths in both radial and tangential 
walls. Axial parenchyma scanty or very scanty, usually 
paratracheal, accidentally terminal or diffuse. Rays 
heterogeneous. Sieve-element plastids of S-type with 

high starch content. Leaves alternate, simple, entire or 
toothed, without stipules. Stomata paracytic, mixed 
paracytic and laterocytic, sometimes laterocytic. Flowers 
solitary or sometimes two or three (rarely more) together, 
usually axillary or supra-axillary, bisexual or unisexual, 
spiral or spirocyclic, actinomorphic. Perianth mostly of 
numerous (5–33) spirally arranged segments, usually 
not clearly differentiated into sepals and petals. Stamens 
mostly numerous (4–50, rarely to 80), more or less 
spirally arranged; fi laments free or more or less con-
nate; anthers basifi xed, tetrasporangiate, extrorse to 
introrse, opening longitudinally. Tapetum secretory. 
Microsporogenesis simultaneous. Pollen grains 2-celled, 
globose-oblate, 3-colpate or 6-colpate, or 3-colporate, 
semitectate, reticulate. Gynoecium of (5-)7-many dis-
tinct carpels arranged spirally or in a single cycle; car-
pels conduplicate, at anthesis not completely sealed (in 
Illicium only in stylodial portion), with a decurrent 
stigma. In each carpel 1 or 2-5(-11) ovules; placentation 
submarginal or subbasal (near the bottom of the ovary). 
Ovules usually anatropous with cup-shaped outer integ-
ument (Yamada et al. 2001), bitegmic, crassinucellate, 
micropyle exostomal or endostomal. Female gameto-
phyte of Polygonum-type. Endosperm cellular. Fruiting 
folliculate or baccate. Seeds laterally fl at  tened; seed 
coat formed by the outer integument; embryo very small 
or minute; endosperm copious, oily. Producing proan-
thocyanins and esters of angelic and tiglid acids, but not 
ellagic acid; n = 13, 14.

Key to Families
1 Shrubs or small trees, evergreen, glabrous,  aromatic 

with scattered ethereal oil cells. Neolignans and 
crystalliferous sclereids lacking. Pits vestured. 
Nodes with a single trace. Vessels narrow, with 
numerous (up to 150) bars in each perforation plate. 
Leaves entire, ovate to elliptic, papyraceous or cori-
aceous, decurrent. Stomata generally paracytic. 
Flowers mostly axillary, sometimes caulifl orous, 
bisexual. Perianth segments numerous (7–33), free, 
spirally arranged. Stamens free, with short and thick 
fi laments. Pollen grains 3-colporate. Carpels (5-)7-
15(-21) in a single whorl, each with a single, large 
near-basal ovule. The carpel wall has cells with 
oxalate druses and crystals, tanniferous and oil 
cells. Ovary unilocular, with  solitary, near-basal 
ovule. Fruiting fl attened, woody follicles, arranged 
in a star-shaped fruit and each contains a single 
seed; seed exotestal, seed coat formed mainly by 
the testa. Contain glycosides of the  fl avonolos 



Superorder NYMPHAEANAE 23

kaempferol and quercetin, the toxic dilactonic ses-
quiterpenes (anisatin, majucin, etc.), the essential 
oils and shikimic acid.. . . . . . . . . . . 1. illiciaceae

1 Clambering or twining woody lianas with toothed or 
entire leaves. Neolignans and crystalliferous sclereids 
present. Nodes with three traces. Vessels in late metax-
ylem and early secondary xylem with scalariform per-
forations with numerous bars, but in late secondary 
xylem they are mostly simple, and only occasionally 
with a few bars (Carlquist 1999); vessels relatively 
wide with only a few (1–15, rarely to 30) bars in each 
perforation plate. Flowers unisexual, monoecious or 
dioecious. Perianth segments free, outermost and 
innermost sometimes reduced. Stamens partially or 
wholly united into a fl eshy globose mass. Pollen 
grains 3- colpate or 6-colpate. Carpels 12–120 
(Schisandra) or 17–300 (Kadsura), small, spirally 
arranged, free, ascidiate, with dorsal bulge, each with 
2-5(-11), anatropous to campylotropous, ventrally 
attached or pendulous ovules. Fruits aggregate of 
many fruitlets with carnose pericarp, with enlarged 
subglobose or ellipsoid receptacle in Kadsura and 
elongated slender cylindrical receptacle in Schisandra 
(Saunders 1998, 2000). Seeds exotestal (Johri 1992), 
the testa with well delimited exotesta, mesotesta and 
endotesta (Denk and Oh 2006) Producing neolignans 
and myricetin. . . . . . . . . . . . . . . 2. schisandraceae

1. ILLICIACEAE

A. Berchtold et J. Presl 1825. 1/42. Bhutan, Assam 
(Khasi Hills), eastern Asia and Southeast Asia, south-
eastern North America, eastern Mexico, West Indies.

Illicium.

2. SCHISANDRACEAE

Blume 1830 (including Kadsuraceae Radogizky 1849). 
2/c.40. India and Sri Lanka, from Simla to Bhutan, 
Assam, northern Burma, South and Southeast Asia to 
western Malesia; Schisandra glabra is endemic to 
southeastern USA.

Schisandra, Kadsura.
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Order 5. TRIMENIALES

Trees, shrubs or woody lianas, young parts tomentose 
or glabrous. Nodes unilacunar, with two traces. Vessels 
with scalariform perforations with many bars. 
Secondary phloem with broad rays. Oil and mucilage 
cells occur in the mesophyll of the leaf and in the axis. 
Sieve-element plastids of S-type. Leaves opposite, 
margins entire or toothed, serrate to entire, often with 
pellucid glands and widely spreading and quite close 
secondary veins, estipulate. Stomata paracytic. Flowers 
small, in cymose infl orescences, bisexual or male 
(andromonoecious). Receptacle only slightly convex 
and continuous with the pedicel. Perianth segments, 
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stamens, and carpel(s) are initiated in a spiral phyl-
lotaxis. Perianth segments not differentiated into sepals 
and petals, caducous before or at anthesis, imbricate, 
2–38. Stamens 7-16(-25); connective produced at 
apex; anthers tetrasporangiate, extrorse or latrorse, 
opening longitudinally. Pollen grains 2-colpate in 
monads or tetrads, inaperturate or polyporate, tectate-
columellate. Microsporogenesis successive. Carpels 
solitary or very rarely 2, glabrous or hairy, extremely 
utriculate, topped by a capitate tufted-papillose stigma. 
Ovule 1, very large, anatropous with hood-shaped 
outer integument (Yamada et al. 2001), pendulous, 
bitegmic, crassinucellate. Fruits are small, spherical 
one-seeded berries. Seeds hard; seed coat formed 
mainly by the outer integument and has very stony 
exotesta consisting of cells with thick and lignifi ed 
walls; endosperm copious, contains starch and oil; 
embryo small, straight, with rudimentary cotyledons. 
Hippocrepiform sclereids absent. Oil cells and muci-
lage cells present. 5-O-methyl fl avonols present. n = 9.

Have some common features with the Amborellaceae, 
including convex fl oral base, capitate stigma and the 
gynoecium is strongly ascidiate up to the stigmatic 
region (Endress et al. 1997). Soltis et al. (2006) are 
including the Trimeniaceae in the Austrobaileyales 
sensu lato. According to Hao et al. (2000), Trimenia is 
a sister to well-supported to Schisandraceae. The 
Trimeniaceae also approaches the Chloranthaceae.

1. TRIMENIACEAE

Gibbs 1917. 1/6–8. Eastern Australia (New South 
Wales), Central Celebes, Moluccas, New Guinea, New 
Britain, New Ireland, Bougainville, New Caledonia, 
Fiji, Samoa, Marquises.

Trimenia (incl. Piptocalyx).
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Order 6. CHLORANTHALES

Small trees, shrubs, or suffruticose or perennial, rarely 
annual herbs. Branches sometimes jointed at the nodes. 
Ethereal oil cells are generally scattered in the meso-
phyll and in the cortex and pith of the stem (and also in 
the testa and tegmen of the seeds). Mucilage ducts pres-
ent in Hedyosmum and in some specimens of 
Chloranthus. Nodes often swollen, unilacunar, trilacu-
nar, or unilacunar with split laterals. Vessels of very 
primitive type, usually only slightly wider than the trac-
heids, with very oblique perforation plates that have 
50–200 bars; lateral pits mostly rare, ranging from sca-
lariform to opposite; vessels in Sarcandra only in roots. 
Fibers are tracheids and fi ber-tracheids. Rays heteroge-
neous, mixed multiseriate and uniseriate. Axial paren-
chyma usually scanty, apotracheal or paratracheal 
(Hedyosmum). Sieve-element plastids of S-type and 
characterized by 10–20 starch grains of different sizes 
Leaves opposite, decussate, or sometimes subverticil-
late in whorls of four, simple, serrate, crenate, or den-
tate, pinnately veined; stipules interpetiolar, minute to 
fairly conspicuous, threadlike or subulate, occasionally 
pectinate, borne on the petiole bases or emerging from 
the margin of the more or less developed vaginate sheath 
on either side of the petiole (formed by the connate 
bases of the opposite leaves and supporting the stem 
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mechanically during the period of intercalary growth). 
Stomata variable-paracytic, laterocytic, encyclocytic, 
and their variants. Flowers very small and inconspi-
cuous, spicate, paniculate, or capitate axillary or termi-
nal compound or simple infl orescences, zygomorphic, 
of three distinct types: bisexual and without perianth, 
with one stamen or a lobed androecium (Chloranthus, 
Sarcandra and rarely in Ascarina); or unisexual, with 
tree short, scalelike organs that are probably tepals 
(female Hedyosmum), and unisexual without perianth 
(Ascarina, male Hedyosmum), entomophilous or some-
times anemophilous. Stamens 1–3 (up to 5 in Ascarina), 
not distinctly differentiated into anther and fi lament, in 
bisexual fl owers adnate to the ovary, usually more or 
less connate laterally, the lateral ones usually with only 
disporangiate half-anthers. In the archaic genus 
Sarcandra the solitary stamen are laminar, with sepa-
rated half-anthers; anthers linear to oblong, tetrasporan-
giate or bisporangiate, introrse, opening longitudinally 
by slits or by valves; connective often expanded or 
extended. Tapeturn secretory. Microsporogenesis simul-
taneous. Pollen grains 2-celled, from globose to oblate, 
medium-sized to small, monocolpate (Ascarina), poly-
porate (Sarcandra) or polycolpate, tectate-perforate to 
semi-tectate with columellae well developed, irregularly 
reticulate with the reticulum usually verrucate. 
Gynoecium of a single, ascidate, barrel-shaped, gla-
brous carpel with a short stylodium or sessile apical, 
smooth or unicellular papillate stigma. Ovary superior 
(Ascarina) or inferior; stigma small, hemispherical and 
smooth (Sarcandra) or lobed (in some Chloranthus sp.). 
Ovule solitary, pendulous, orthotropous with cup-shaped 
outer integument (Yamada et al. 2001), bitegmic, crassi-
nucellate. Female gametophyte of Polygonum-type. 
Endosperm cellular. Fruits in Sarcandra, Chloranthus, 
and Ascarina are drupelike berries (not drupes, since the 
hard protective layer is formed by the integument, not 
by the ovary wall, Endress 1987). In Hedyosmum fruits 
are drupes with thin exocarp, fl eshy mesocarp, and stony 
endocarp, or (H. mexicanum) nuts with soft aril-like out-
growths. Seeds subglobose or ovoid; seed coat formed 
by both integuments; endotesta palisade, lignifi ed, crys-
talliferous; embryo minute, weakly differentiated; 
endosperm copious, oily (in Sarcandra also with starch 
and proteins). Perisperm absent as a storage tissue, but 
sometimes present as a trace of crushed nucellar tissue 
next to chalaza and thin hypostase (see Corner 1976; 
Lodkina 1988). Producing noelignans and sesquiter-
penes; n = 8, 13, 14, 15 (Kong 2000).

The order Chloranthales shows some relationships 
with the Trimeniaceae (Endress 1986, 1987; Todzia 
1993). They originated from some very ancient ves-
selless protrimeniaceous ancestor by reduction and 
further specialization.

1. CHLORANTHACEAE

R. Brown ex Sims 1820 (including Hedyosmaceae 
Caruel 1881). 4/75 or more. Madagascar (subgenus 
Ascarinopsis of the genus Ascarina), tropical Himalayas, 
southern and eastern Asia and Southeast Asia, Malesia 
(Borneo), New Guinea, and Melanesia to the Marquises 
on the east, New Hebrides, Fiji, New Caledonia, North 
Island of New Zealand, and tropical America.

Sarcandra, Chloranthus, Hedyosmum, Ascarina.
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Order 7. CERATOPHYLLALES

Submersed herbs with leafy stems, perennating by 
dormant terminal buds. Stems usually branched, freely 
suspended or sometimes anchored in bottom sediments 
by slender rhizoidlike branches. Roots absent. 
Idioblasts lacking. Xylem very reduced, vesselless, 
with tracheids modifi ed into unlignifi ed elongate 
starch-bearing cells. Sieve-element plastids of Ss-type 

(Behnke 2002). Leaves verticillate, almost sessile, 
rather rigid, dichotomously dissected into fi liform or 
linear segments that bear two rows of minute denticles 
and are tipped by a medial multicellular mucilaginous 
appendage. Stomata absent. Flowers minute (ca. 0.5–
1.5 mm), axillary, alternating with leaves, usually soli-
tary (or occasionally in vestigial infl orescences), 
spirocyclic, monoecious (the males and females com-
monly on alternate nodes), apetalous, actinomorphic, 
hydrophilous. Sepals (bracts, according to many 
authors) 12(8-15) in male fl owers and 9–10 in females, 
bractlike, connate at the base, often dentate or lacerate 
at the apex. Stamens three to numerous, free, spirally 
arranged on a convex receptacle and developing cen-
tripetally; the innermost stamens are retarded and ster-
ile; fi laments very short and broad or almost absent; 
anthers linear-oblong, tetrasporangiate, extrorse- 
latrorse, opening longitudinally; connective laminar 
and thickened, often colored, prolonged apically into 
short spurs, fl anked by two to several small denticles. 
Tapetum secretory. Microsporogenesis successive 
(Ceratophyllum demersum and C. submersum) or 
simultaneous (C. pentacanthum). Pollen grains 
2-celled, globose, with very reduced exine and thick 
intine, indistinctly 1-colpate, in monads, medium 
sized. Gynoecium of one carpel (in rare cases of two 
free carpels) tapering into a long slender spinescent or 
short and awliform stylodium with more or less well-
developed decurrent stigmatic groove above the mouth 
of the stylodial canal. Ovule solitary, dorsally pendu-
lous near the top of the locule, orthotropous, unitegmic 
(integument reduced, four cells thick at the base, thin-
ning distally to the thickness of a single cell), crassinu-
cellate, with well-developed nucellar cap and 
tanniniferous hypostase, without funicle. Female 
gametophyte of Polygonum-type. Endosperm cellular, 
its four large lower cells perform haustorial function. 
Proembryo without suspensor. Fruit an achene crowned 
by the persistent stylodium and mostly with basal, 
basal-lateral, or lateral horns. Seeds minute, elliptical; 
integument obliterated and very thin, and transparent 
seed coat formed by the outer epidermis of nucellus; 
endosperm present as a thin layer only in the chalazal 
part; perisperm lacking; embryo large, with thick 
fl eshy cotyledons, conspicuous and highly developed 
greenish plumule consisting of 8–10 whorls of leaves 
and a few lateral buds and very short and weakly 
 differentiated vestigial radicle, n = 12.

In spite of some embryological similarities with the 
Cabombaceae (Johri et al. 1992), Ceratophyllum is not 
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closely related to the Nympheales (Iwamoto, Shimizu 
and Ohba 2003). Ceratophyllum is very isolated and 
probably derived from some early fl owering plants. 
I therefore tentatively include Ceratophyllales in the 
superorder Nymphaeanae.

1. CERATOPHYLLACEAE

Gray 1822. 1/11. Worldwide in fresh water, except 
Arctica.

Ceratophyllum.
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Superorder MAGNOLIANAE

Order 8. CANNELALES

Large to small trees, shrubs or shrublets. Xylem 
 vesselless (Winteraceae) or vessels with scalariform 
perforations (Cannelaceae). Axial parenchyma scanty, 
diffuse to tangentially banded (Winteraceae) or apotra-
cheal diffuse to paratracheal. Sieve-element plastids of 
Ss-, Psc-, and Pfs-types. Nodes trilacunar. Leaves 
alternate, simple, entire, pinnately veined, gland- 
dotted, estipulate. Stomata usually paracytic. Flowers 
terminal or axillary cymose infl orescences or solitary, 
bisexual or rarely unisexual, actinomorphic. Sepals 
two, less often three, rarely up to six (Winteraceae) or 
three. Petals two to many, imbricate, free or rarely 
united into a tube. Stamens three to numerous (very 
rarely up to 370); anthers introrse or extrorse, tetraspo-
rangiate, 2-locular, usually opening longitudinally. 
Tapetum secretory. Microsporogenesis simultaneous. 
Pollen grains in tetrads or rarely in monads. Gynoecium 
of several to many (up to 50), rarely two (Takhtajania) 
or even one carpels, more or less 1-seriate, free and 
remaining so in fruit; ovary superior. Ovules one to 
many (up to 100), anatropous, descending apotropous, 
campylotropous, bitegmic, crassinucellate. Female 
gametophyte of Polygonum-type. Endosperm cellular. 
Fruits follicles, multifollicular, capsular, berries or 
consisting of free berry-like fruitlets. Seeds with a 
hard, brittle exotesta formed by the epidermis of the 
outer integument; embryo minute, usually ovoid and 
apically slightly bilobed; endosperm copious, oily.

The order Canellales is rather heterobathmic: along-
side the extremely primitive xylem and also very prim-
itive carpels and stamens in some genera, its pollen 
grains and seeds are considerably advanced. Evidently 
one of the most ancient members of the fl owering 
plants which is supported by its very disjunct geo-
graphical distribution. Evidently related to the 
Magnoliales, especially to Degeneriaceae.

Key to Families
1 Xylem vesselless, with long cambial initials and long 

slender tracheids. Tracheids usually with 2–3 rows of 
large bordered pits, but the overlapping radially ori-
ented end walls of Bubbia and Zygogynum bear sca-
lariform pitting. Axial parenchyma scanty, diffuse to 
tangentially banded. Rays narrow, heterogeneous with 

long ends. Sieve-element plastids of Ss- and  Pcs-types. 
Small trees to shrublets. Leaves pinnately veined, 
gland-dotted. Stomata paracytic, rarely (Bubbia per-
rieri) anomocytic (Baranova 2004). Flowers small to 
rather large, in terminal or axillary cymose infl ores-
cences or solitary (terminal or axillary), bisexual or 
(Tasmannia) unisexual (dioecious), with short recep-
tacle, spiral or more or less cyclic, variously ento-
mophilous or more or less anemophilous, seldom 
autogamous. Sepals two, less often three, rarely up to 
six, connate into calyptra rupturing at very early stages 
and then persisting or rupturing upon anthesis and 
then usually dropping. Petals two to many, from small 
and chaffy to larger and petaloid, all free or the outer 
ones connate and rupturing upon anthesis, very rarely 
wanting. According to Vink (1970) a continuation of 
the spiral of bracteoles through the sepals and the pet-
als has been observed occasionally in Pseudowintera. 
Stamens three to numerous (very rarely up to 370), 
with more or less irregular spiral arrangement; fi la-
ments short, and thick to long-cylindrical, 1-veined; 
anthers sometimes apically prolonged, usually with 
submarginal, apical, or subapical bisporangiate half-
anthers. Pollen grains in tetrads or rarely (in two spe-
cies of Zygogynum) in monads, monoporate or rarely 
(Takhtajania) ranging from monoporate to trichot-
omocolpate, semitectate or rarely tectate-perforate, 
with distinct columellae, reticulate to microreticulate. 
Carpels several to many (up to 50), rarely two 
(Takhtajania) or even one, more or less 1-seriate, free 
and remaining so in fruit, partially united and loosely 
connate in fruit or closely united into a eusyncarpous 
(Zygogynum) or unilocular (Takhtajania) gynoecium, 
conduplicate, stipitate or sessile, varying from unsealed 
and with a decurrent stigma (as in Tasmannia and 
Bubbia) to fully sealed and with a short stylodium and 
localized stigma; placentation laminar-lateral or sub-
marginal. Ovules one to many (up to 100), with mas-
sive parietal tissue. Fruits multifollicular, capsular, 
berrylike or consisting of free berry-like fruitlets. 
Seeds with a hard, brittle exotesta formed by the 
epidermis of the outer integument; embryo minute, 
usually ovoid and apically slightly bilobed; 
endosperm copious, oily; seed coat exotestal; cells 
of exotesta lignifi ed, palisade. Producing proantho-
cyanins but not alkaloids, plants Aluminium accu-
mulator; n = 13 (Tasmannia), 18 (Takhtajania), 43 
(Drimys, Pseudow intera, Bubbia, Belliolum, 
Exospermum, Zygogynum).  . . . . . . 1. winteraceae
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1 Vessels with scalariform perforations. Trees or rarely 
shrubs. Vessel elements usually very long, with oblique 
ends and typically scalariform perforation plates mostly 
with numerous fi ne bars (50–100 in Cinnamodendron); 
anastomoses between the bars sometimes produce 
reticulate perforations; lateral pitting rare but, where 
present, opposite. Fibers mostly long to very long, with 
evidently bordered pith. Rays narrow, heterogeneous to 
homogeneous. Axial parenchyma apotracheal diffuse 
to paratracheal. Sieve elements of Psc- or (Canella) of 
Pfs-type. Leaves leathery, commonly pellucidly dot-
ted. Stomata paracytic or anomocytic. Flowers in ter-
minal or axillary cymes or racemes or solitary in leaf 
axils, bisexual, basically 3-merous. Sepals three, thick, 
leathery, basally connate, imbricate. Petals (3-4)5-12, 
free or (Cinnamosma) united high up into a tube with 
lobes refl exed after anthesis, in 1, 2 or 4 cycles or in an 
indistinct spiral, often fl eshy. Stamens 6–12 (up to 40); 
anthers adnate to the outer surface of the staminal tube, 
elongate, opening longitudinally, often apically 
prolonged. Pollen grains 1-colpate or sometimes tri-
chotomocolpate, tectate, columellate or granular, or 
(Cinnamosma) intectate and reticulate, in Warburgia 
psilate. Gynoecium of 2–6 united carpels; style short, 
thick, with usually 2–6-lobed stigma; ovary unilocular, 
with 2–6 parietal placentas and 2-20(-30) campylotro-
pous ovules on each placenta; ovules with massive 
parietal tissue; micropyle zig-zag. Fruits berries with 
two or more seeds. Seeds small, black, with shiny 
crustaceous testa; embryo small to moderately well 
developed; endosperm copious, oily, ruminate in 
Canella and Cinnamosma. Aporphine alkaloids, fl a-
vonols and drimane sesquiterpenoids present; n = 11, 
13, 14.. . . . . . . . . . . . . . . . . . . . . . . . . 2. cannelaceae

1. WINTERACEAE

R. Brown ex Lindley 1830 (including Takhtajaniaceae 
J.-F. Leroy 1980). 8/70–90. Madagascar, Philippines, 
Malay Archipelago (except Sumatra, Java, and Timor), 
New Guinea, Moluccas to Solomon Islands, eastern 
Australia, Tasmania, New Zealand, Lord Howe Island, 
New Caledonia, America from Mexico to the Straits of 
Magellan, and Juan Fernandez.

tasmanneae: Tasmannia (including Austro drimys, 
Pseudodrimys); takhtajaneae: Takhta jania; win-
tereae: Drimys, Pseudowintera, Bubbia, Belliolum, 
Zygogynum, Exospermum.

2. CANELLACEAE

C. Martius 1832. 6/16. Madagascar (Cinnamosma), 
tropical East Africa and northern Transvaal 
(Warburgia), southern end of the Florida Keys and 
Cape Sable, West Indies, and South America.

Canella, Warburgia, Capsicodendron, Cinnamo-
dendron, Pleodendron, Cinnamosma.

According to Corner (1976), seeds of the Canellaceae 
appear exotestal and indicate alliance with Winteraceae. 
Canellaceae and Winteraceae share sesquiterpenoids 
of the drimane and rearranged drimane type, which 
occur only in these two families (Gottlieb et al. 1989).
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Order 9. MAGNOLIALES

Trees or shrubs. Nodes multilacunar. Vessels with sca-
lariform or less frequently simple perforations; lateral 
pitting scalariform, opposite (Magnolia fraseri and 
Liriodendron). Fibers with bordered pits. Rays hetero-
geneous or rarely homogeneous (in some temperate 
species of Magnolia). Axial parenchyma apotracheal. 
Sieve-element plastids of S- and Psc-types. Leaves 
alternate, simple, entire or seldom 2–10-lobed, pin-
nately veined, with stipules or estipulate. Stomata para-
cytic or rarely anomocytic. Flowers usually solitary, 
terminal or axillary, bisexual or very rarely unisexual 
(Kmeria). Perianth well developed, with free and imbri-
cate segments, these variously spiral to cyclic in three 
or more series, more or less similar and all petaloid or 
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less often clearly differentiated into sepals and petals 
arranged in whorls of three. Stamens numerous, free, 
spirally arranged, originating centripetally, more or less 
ribbon-shaped (laminar), mostly three-veined and typi-
cally not clearly differentiated into fi lament and anther; 
anthers tetrasporangiate, the microsporangia paired, 
Tapetum secretory. Microsporogenesis simultaneous. 
Pollen grains 2-celled, boat-shaped, psilate or more or 
less rugulose, sulcate, aperturate. Gynoecium sessile or 
stipitate, apocarpous or, less frequently, more or less 
syncarpous. Carpels solitary (in Degeneria and 
sometimes in Michelia montana) or more frequently 
several to numerous and spirally arranged (except in 
Pachylarnax), conduplicate, semisealed (Manglletia 
and Elmerillia) or more commonly fully sealed. Ovules 
two to numerous, large to very large, anatropous, biteg-
mic, crassinucellate, with massive parietal tissue. 
Female gametophyte of Polygonum-type. Endosperm 
cellular. Fruits carpels, or indehiscent. Seeds large, with 
sarcotesta; embryo small to minute; endosperm copi-
ous and oily, sometimes ruminate. Present sesquiter-
pene lactones; n = 12, 19.

Key to Families
1 Leaves estipulate. Basic chromosome number n = 12. 

Large trees, bearing essential oils. Vessels with sca-
lariform perforations. Intravascular pitting scalari-
form. Rays multiseriate or less often uniseriate. 
Sieve-element plastids of Psc-type. Nodes 5-lacunar. 
Leaves entire, non-sheathing, gland-dotted, aromatic. 
Flowers solitary, pendulous on long peduncles, 
bisexual. Sepals 3, rarely 4, not calyptrate. Petals 
12–18, fl eshy, imbricate. Stamens 20–30; anthers 
adnate, extrorse. Pollen boat-shaped, aperturate, sul-
cate. Carpel 1(-2), unsealed at anthesis, not differen-
tiated into an ovary and stylodium. The carpel wall 
has cells with oxalate druses and crystals, sclereids, 
oil cells. Ovules 22–30, with conspicuous funicular 
obturator. Fruit a follicle, leathery, with a hard exo-
carp. Seeds fl attened, with orange-red sarcotesta; 
exotestal cells palisate, thin-walled; endotesta with 
lignifi ed internal fi brils; embryo very small, but well 
differentiated, with 3(4) cotyledons; endosperm oily, 
ruminate. . . . . . . . . . . . . . . . . . . . 1. degeneriaceae

1 Leaves with large stipules enclosing the young 
leaves. Basic chromosome number n = 19. Trees or 
shrubs. Nodes multilacunar. Vessels present, with 
scalariform or less frequently simple perforations; 
lateral pitting scalariform, opposite (Magnolia fra-

seri and Liriodendron). Fibers with bordered pits. 
Rays  heterogeneous or rarely homogeneous (in some 
temperate species of Magnolia). Sieve-element plas-
tids of S- and Psc-types. Leaves entire or seldom 
2–10-lobed, pinnately veined. Flowers often with an 
elongate receptacle, Perianth with free and imbricate 
segments, these variously spiral to cyclic in three or 
more series, more or less similar and all petaloid or 
less often clearly differentiated into sepals and petals 
arranged in whorls of three. Stamens numerous, free, 
anthers often more or less embedded in the adaxial 
(abaxial in Liriodendron) surface, the connective 
more or less prolonged into a distinct appendage 
(supracon- nectivum). Pollen grains psilate or more 
or less rugulose, monocolpate, atectate (primitively 
columellaless) or with incipient or rarely well-devel-
oped columellae. Carpels of several to numerous and 
spirally arranged (except in Pachylarnax), semisealed 
(Manglletia and Elmerillia) or more commonly fully 
sealed. Ovules 2–12(-16). When the fruit is apocar-
pous, the carpels open primarily dorsally, rarely 
(Kmeria) ventrally and partly dorsally or (Talauma 
and Tsoongiodendron) transversely (circumscissile) 
or indehiscent, samaroid and caducous (Liriodendron), 
otherwise the carpels are united into a fl eshy berry-
like syncarp (Aroma dendron, Paramichella and some 
species of Elmerillia) or into a loculicidal capsule 
(Pachylarnax). Seeds large, with sarcotesta, and usu-
ally hanging from the elongated spiral vessels of the 
funicle in dehiscent carpels, or, when the fruit or 
individual carpels are indehiscent, then they are with-
out sarcotesta and  usually adherent to the endocarp. 
Embryo minute; endosperm copious and oily, not 
ruminate. . . . . . . . . . . . . . . . . . . . . 2. magnoliaceae

2. DEGENERIACEA

I. W. Bailey and A. C. Smith 1942. 1/2. Fiji.
Degeneria.

1. MAGNOLIACEAE

A.L. de Jussieu 1789 (including Liriodendraceae F. A. 
Barkley 1975). 15/240. Southern India, Sri Lanka, 
eastern Himalayas, Assam, eastern Asia and Southeast 
Asia, New Guinea, southeastern North America, 
Central America, West Indies, Venezuela, Brazil, 
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Ecuador. Concentrated mainly in East and Southeast 
Asia, especially in continental China. 

1.1 MAGNOLIOIDEAE
Cyanogenic compounds absent. Leaves entire or very 
rarely 2-lobed. Stipules at fi rst united, surrounding the 
stem and bud and fused adaxially to part or most of the 
petiole, then rupturing longitudinally and falling, leav-
ing a circular scar around the twig. Intravascular pit-
ting scalariform. Stomata paracytic. Anthers introrse 
or latrorse. Fruiting carpels dehiscent or indehiscent, 
not samaroid. Seeds with colored sarcotesta and scle-
roendotesta with crystals and lignifi ed fi brils in the 
cells. – magnolieae: Manglietia, Manglietiastrum, 
Pachylarnax, Magnolia, Parakmeria, Talauma (includ-
ing ? Dugandiodendron), Aromadendron, Kmeria, 
Woonyoungia, Alcimandra; michelieae: Elmerrillia, 
Michelia, Paramichelia, Tsoongiodendron.

1.2 LIRIODENDROIDEAE
Cyanoid compounds present. Leaves two- or more 
lobed with apex truncate or widely emarginate. Stipules 
free, foliaceous, fused laterally to the petiole base. 
Intervascular pitting opposite. Stomata both paracytic 
and anomocytic. Anthers extrorse. Seeds without sar-
cotesta and adherent to endocarp. Fruiting carpels 
indehiscent, produced at the apex into a long winglike 
beak, caducous. Seeds without sarcotesta; endosperm 
slight and not ruminate. – Liriodendron.

Related to the Degeneriaceae, but leaves stipulate, 
and stamens and carpels are generally more specialized.
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Order 10. HIMANTANDRALES

Large trees. Peltate scaly indumentum present. Nodes 
trilacunar. Vessels mainly with simple perforations, but 
with some vestigial scalariform plates; intervascular 
pitting alternate in fully mature wood. Rays markedly 
heterogenous. Axial parenchyma apotracheal. Sieve-
element plastids of S-type. Leaves alternate, distichous, 
margin entire; blade simple, stipules absent; coopery 
indumentum on leaf undersurface, young shoots and 
fl oral buds consisting of peltate scales. Stomata para-
cytic. Flowers bisexual, actinomorphic, solitary or 
paired on short axillary branches, at fi rst enclosed by 
two calyptriform leathery deciduous sepals (Hutchinson 
1964); petals 7–9, spirally arranged, lanceolate, very 
similar in size and shape to the stamens. Stamens 
13–40 (mostly 25–30), not differentiated into fi lament 
and anther, one pair of sporangia on each side, each 
with single longitudinally opening slits. Outer stamin-
odes 3–23, inner staminodes 13–20; inner staminodes 
and part of the stamens with marginal and laminar 
glands. Pollen grains subglobose. Microsporogenesis 
successive. Carpels 7–28, closed, differentiated into an 
ovary and a short stylodium. The stigmata of all carpels 
form a common plumose mass. Ovules solitary, rarely 
two, pendulous, anatropous, apotropous, bitegmic, 
crassinucellate. Fruits drupes with several fl at pyrenes. 
Seeds fl at, without elongated funicle; seed coat mesot-
estal with testal-tegmic ruminations and unspecialized 
2–3-layered tegmen; a single-layered exotesta repre-
sented by thin-walled tanniniferous cells; a 2–3-layered 
mesotesta, composed of thick-walled lignifi ed longitu-
dinal fi bers; and an endotesta composed of two or three 
layers of unspecialized aerenchymatous parenchyma 
(Doweld and Shevyryova 1998); embryo straight, very 
small; endosperm oily. Unusually rich in a variety of 
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hallucinogenic pyridine alkaloids of the Galbulimima 
type. n = 6.

Probably related to the Magnoliales, especially to 
the Degeneriaceae, but differs in so many important 
features, including 3-locular nodes, calyptriform calyx 
and especially seed coat structure, that deserves an 
ordinal rang (Doweld and Shevyryova 1998).

1. HIMANTANDRACEAE

Diels 1917. 1/2. New Guinea, Moluccas, Celebes, New 
Britain, and northeastern Australia.

Galbulimima (Himantandra).
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Order 11. ANNONALES

Evergreen trees, shrubs, or woody lianas. Vessels with 
scalariform (Eupomatiaceae) or with simple  perforations. 

Fibers with simple or narrowly bordered or rarely 
 distinctly bordered pits. Rays homogeneous or hetero-
geneous. Axial parenchyma apotracheal or sometimes 
scanty paratracheal. Sieve-element plastids of Psc- or 
(Xylopia) of Pcsf-types; according to Behnke (1988). 
Nodes mostly trilacunar. Leaves alternate, distichous 
or often spirally (Johnson 2003) arranged, simple, 
entire, pinnately veined, often pellucid-dotted, often 
with a pulvinus that is swollen and elongate or con-
torted for climbing, without stipules. Stomata nearly 
always paracytic. Flowers in various types of basically 
cymose infl orescences or solitary in the axils, bisexual 
or rarely unisexual, with 3-merous perianth, or without 
perianth. Sepals (2)3(4), imbricate or valvate, free or 
partly connate. Stamens numerous (up to 100) and spi-
rally arranged or rarely 3 or 6 (up to 15) and cyclic. 
Anthers linear, tetrasporangiate, extrorse or rarely 
latrorse, very rarely introrse, opening longitudinally; 
connective prolonged and often expanded above the 
anther so that the anther appears to be peltate. Tapetum 
secretory. Microsporogenesis successive or simultane-
ous. Pollen grains 2-celled, in monads or seldom in 
tetrads or even polyads. Gynoecium of more or less 
numerous, several or rarely only one carpel, spiral and 
apocarpous or, less frequently, cyclic and paracarpous. 
Carpels 1–400, stylodia free, short, and thick. Ovary 
superior, 1-locular, or 2–15-locular. Ovules 1–2 – sev-
eral, ascending, anatropous or apotropous, bitegmic, 
crassinucellate. Female gametophyte of Polygonum-
type. Endosperm cellular. Fruits of various types Seeds 
with usually small embryo and copious, and ruminate, 
oily endosperm and seldom (some Annonaceae) with 
perisperm, arillate or not. Frequently producing alka-
loids, n = 7, 8, 9, mostly 8, 10.

There are many similarities in the anatomy of the 
young stem of Annonaceae and Magnoliales: scleri-
fi ed pith diaphragms, stratifi cation of the secondary 
phloem into tiers of hard and soft bast, V-shaped 
phloem rays, cortical scleroids, superfi cial origin 
of periderm (see Van der Wyk and Canright 1956). The 
phylogenetic relationships between these groups have 
been much discussed in the recent literature. 
Annonaceae originated from a magnolialean ancestor.

Key to Families
1 Vessels with scalariform perforations with numerous 

(20–150 or more) bars; vessel elements are very long 
and long-tapering, with very oblique end walls; lateral 
pitting scalariform or opposite. Large shrubs to dwarf 
shrublets with fl eshy, starchy tuberous roots. Axial 
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parenchyma scanty paratracheal or diffuse. Rays het-
erogeneous with elongate ends. Fibers with simple or 
slightly bordered pits, sometimes septate. Sieve ele-
ments long and slender, with slowly tapering ends; 
sieve-element plastids of Pcs-type with several protein 
crystals, one being rod-shaped, which is family spe-
cifi c. Nodes multilacunar. Leaves alternate, distichous 
(but spirally arranged in young plants), simple, entire, 
pinnately veined, and without stipules. Prophylls in a 
median position. Stomata paracytic or occasionally 
actinocytic. Flowers showy, solitary, bisexual, without 
perianth, enclosed when young in a deciduous calyp-
tra (a single bract, according to Baillon 1868; Eames 
1961; Endress 1977) attached to the rim of an enlarged, 
somewhat concave, turbinate receptacle and falling off 
as a conical lid. Stamens 20–100, staminodia numer-
ous, inserted into the receptacle near its rim; the inner-
most stamens are sterile (staminodia), somewhat 
fl eshy, more or less petaloid, the others fertile, ribbon-
shaped, with a short, broad, laminar base. Anthers 
long, basifi xed, tetrasporangiate, latrorse-introrse, 
opening longitudinally, with prolonged thickened con-
nective. Pollen grains globose-oblate, psilate, with 
structureless, atectate-amorphous exine, with two par-
allel, equatorially encircling colpi that are differenti-
ated from the nonapertural areas of the exine by their 
fossulate-rugulate surface. Gynoecium of numerous 
(ca. 13–70) small carpels spirally arranged in the hol-
low receptacle, all appressed and connate, but each has 
a decurrent stigma with projecting papillae and a slit-
like opening. Each carpel with two to several 
(up to ca. 11) ovules arranged laminar-laterally. Ovules 
anatropous with hood-shaped outer integument. 
Endosperm cellular. Fruit an urceolate-turbinate berry 
with a truncated, fl attened, or convex apex. Seeds 1–3 
in each carpel, subangular and coarsely pitted; seed 
coat composed of a single-layered thin-walled exotesta 
or large tanniniferous cells, but has 3–4 layers of lon-
gitudinal thin-walled lignifi ed fi bers in the mesotesta 
and 2 layers of thin-walled parenchymatous endotesta; 
embryo small, straight; endosperm copious, ruminate, 
oily. Producing various types of lignans and alkaloids, 
n = 10.. . . . . . . . . . . . . . . . . . . . . . .1. eupomatiaceae

1 Vessels with simple perforations; lateral pitting alter-
nate or sometimes transitional to opposite. Evergreen 
trees, shrubs, or woody lianas, bearing essential oils, 
resinous or not resinous. Pith generally septate. Fibers 
usually with numerous simple or narrowly bordered or 
rarely distinctly bordered pits. Rays typically wide 
and high, homogeneous or weakly heterogeneous, 

occasionally distinctly heterogeneous. Axial paren-
chyma apotracheal or sometimes scanty paratracheal. 
Sieve-element plastids of Psc- or (Xylopia) of Pcsf-
types. Nodes mostly trilacunar. Leaves entire, pin-
nately veined, often pellucid-dotted, often with a 
pulvinus that is swollen and elongate or contorted for 
climbing, without stipules. Stomata nearly always 
paracytic. Prophylls in some genera – e.g., in Annona 
and Asimina – paired and lateral (as usual in dicotyle-
dons), but usually they are solitary and median, in dor-
sal position, as in the monocotyledons. Flowers in 
various types of basically cymose infl orescences or 
solitary in the axils, mostly entomophilous, bisexual 
or rarely unisexual, with cyclic and usually 3-merous 
perianth. Sepals (2)3(4), imbricate or valvate, free or 
partly connate. Petals 3-6(-12), usually 6 in 2 cycles of 
3, free or very rarely basally connate, imbricate or val-
vate. Stamens numerous (up to 100) and spirally 
arranged or rarely 3 or 6 (up to 15) and cyclic, gener-
ally free, rarely basally connate, fi laments short and 
stout, with single vascular trace. Anthers linear; con-
nective prolonged and often expanded above the 
anther so that the anther appears to be peltate. 
Staminodia present only in a few genera. Pollen grains 
very diverse in size and structure, monocolpate to 
inaperturate, inconspicuously granular to columellate, 
atectate, tectate-imperforate, tectate-perforate, semi-
tectate, or intectate. Gynoecium of more or less numer-
ous,  several or rarely only one carpel, spiral and 
apocar pous or, less frequently, cyclic and paracarpous 
(Monodoroideae). Carpels 1–400 (ca. 400 in Annona 
muricata – Igersheim and Endress 1997), condupli-
cate, sometimes unsealed, whorled or irregularly 
arranged, free in most genera, with 1–30 (up to 60 or 
more in Monodora myristica) ovules on submarginal, 
laminar-lateral, parietal or nearly basal placentas; sty-
lodia free, short, and thick. Ovary superior, 1-locular, 
or 2–15-locular. Ovules 1–10, ascending, with hood-
shaped outer integument. Fruits of various types, but 
mostly more or less fl eshy, distinct, stipitate, indehis-
cent, or, rarely (Anaxagorea), dehiscent fruitlets. Seeds 
with small embryo and copious, and ruminate, oily 
endosperm and seldom with perisperm; n = 7, 8, 9, 
mostly 8.. . . . . . . . . . . . . . . . . . . . . . . 2. annonaceae

1. EUPOMATIACEAE

Endlicher 1841. 1/3 Eastern and southeastern 
Australia (from temperate Victoria to subtropical 
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New South Wales and tropical Queensland) and New 
Guinea (from sea level up to 1,300 m altitude).

Eupomatia
The Eupomatiaceae have some features in common 

with both the Himandandarceae and Annonaceae but 
differ from them in many respects, including complete 
absence of perianth, circular aperture of pollen grains, 
and the basic chromosome number.

2. ANNONACEAE

A.L. de Jussieu 1789 (including Hornschuchiaceae J. 
Agardh 1858; Monodoraceae J. Agardh 1858). 
128/2400. Except for the temperate North American 
genus Asimina, the family has a pantropical distribu-
tion, but is concentrated in the Paleotropics. Low and 
more stable chromosome numbers dominate in the 
Paleotropics; higher and more diversifi ed ones in 
the Neotropics (Morawetz 1988).

2.1 ANNONOIDEAE
Carpels spirally arranged (rarely few in I cycle), free 
from one another from the beginning (rarely only 1), or 
if at length united, then forming a many-locular syn-
carp. Stigmas more or less erect, rarely radiating. – 
uvarieae: Uvaria, Balonga, Tetrapetalum, Ellipeia, 
Ellipeiopsis, Sapranthus, Stenanona, Afroguatteria, 
Rauwenhoffi a, Sageraea, Dendrokingstonia, Stelecho-
carpus, Dasoclema, Hexalobus, Cleistopholis, Green-
way odendron, Mkilua, Toussaintia, Enicosanthum, 
Enicosanthellum; miliusieae: Fenerivia, Hetero-
petalum, Neostenanthera, Boutiquea, Marsypopetalum, 
Meiogyne, Phaeanthus, Trivalvaria, Anomianthus, 
Piptostigma, Cymbopetalum, Miliusa, Mezzettiopsis, 
Orophea, Phoenicanthus, Alphonsea, Platymitra, 
Mezzettia; xylopieae: Xylopia, Cardiopetalum, 
Meiocarpidium, Polyceratocarpus, Dielsiothamnus, 
Drepananthus, Anaxagorea, Artabotrys, Pseudo-
artabotrys, Cyathocalyx, Diclinanona; annoneae: 
Desmos, Dasymaschalon, Cyathostemma, Polyalthia, 
Polyaulax, Oncodostigma, Monocarpia, Exellia, 
Unonopsis, Uvariodendron, Uvariastrum, Dennettia, 
Asteranthe, Desmopsis, Guamia, Haplostichanthus, 
Monocyclanthus, Chieniodendron, Enantia, Woodiel-
lantha, Cleistochlamys, Disepalum, Pseuduvaria, 
Mitre phora, Goniothalamus, Richella, Schefferomitra, 
Melodorum, Friesodielsia, Oreomitra, Petalolophus, 
Popowia, Neo-uvaria, Papualthia, Mitrella, Pyramid-

anthe, Fissistigma, Cananga, Bocageopsis, Onychopetalum, 
Monanthotaxis, Mischogyne, Atopostema, Gilbertiella, 
Uvariopsis, Ambavia, Bocagea, Ophrypetalum, Trigy-
naea, Porcelia, Hornschuchia, Froesiodendron, Oxandra, 
Pseudoxandra, Crematosperma, Ephedranthus, Ruizo-
dendrom, Malmea, Guatteria, Guatteriella, Guatter-
iopsis, Asimina, Deeringothamnus, Fitzalania, Tridi meris, 
Lettowianthus, Annona, Anonidium, Raimondia, 
Rollinia, Rolliniopsis, Pachypodanthium, Lestestudoxa, 
Duckeanthus, Duguetia, Fusaea; Tetramerantheae: 
Tetrameranthus.

2.2 MONODOROIDEAE
Carpels cyclically arranged, united from the beginning 
into I-locular ovary with parietal placentas. Tropical 
Africa and Madagascar. – Monodora, Isolona.
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Order 12. MYRISTICALES

Trees or seldom shrubs, usually aromatic and resinous. 
Trichomes of various kinds, eglandular ones elongate, 
unicellular and colourless, glandular ones with a multi-
cellular, basally embedded stalk and a multicellular 
peltate, later balloon-shaped head with golden-yellow 
content. Nodes trilacunar with three traces. Pith sep-
tate. Vessels typically with both simple and scalariform 
perforations, ranging from mostly simple to all scalari-
form, with occasional reticulate perforations in most 
genera; scalariform plates moderately oblique and usu-
ally with 1–10 (occasionally up to 20) broad bars; lat-
eral pitting from scalariform to alternate. Fibers with 
simple or sometimes narrowly bordered pits. Rays uni-
seriate or biseriate, heterogeneous. Axial parenchyma 
apotracheal banded and diffuse to paratracheal. In the 
axial parenchyma and the rays as well as in the phloem 
there are tanniniferous tubes containing pale or red 
resin. Sieve-element plastids of S-type and Psc-type, 
the latter with tiny protein crystals. Leaves alternate, 
often distichous, sometimes falsely verticillate, simple, 
entire, pinnately veined, occasionally pellucid-dotted, 
estipulate. Stomata paracytic. Flowers rather small, in 
axillary or rarely terminal, cymose or racemose infl o-
rescences, unisexual, dioecious or rarely (Endocomia) 
monoecious, actinomorphic, apetalous, basically 
3-merous. Calyx cupulate or campanulate, (2)3(-5)-
lobed, the lobes valvate. Male fl owers lacking even a 
vestigial gynoecium; stamens 2–45, with fi laments 
partially or completely fused; anthers free or more 
often laterally connate, tetrasporangiate, extrorse or 

seldom latrorse, opening longitudinally, mutinous or 
shortly apiculate. Tapetum secretory. Microsporogenesis 
successive. Pollen grains 2-celled, boat-shaped to sub-
globose, 1-colpate to inaperturate, tectate to intectate, 
granular to columellate. Female fl owers without sta-
minodia; gynoecium of a single conduplicate, unsealed, 
sometimes short stipitate carpel with solitary, subbasal 
to basal ovule; stigma sessile or subsessile or rarely 
(Brocboneura) on a long stylodium, small, simple, or 
more or less 2-lobed. Ovule solitary, anatropous or 
rarely hemitropous or suborthotropous, bitegmic, 
crassinucellate. Female gametophyte of Polygonum-
type. Endosperm nuclear. Fruits fl eshy to coriaceous or 
ligneous capsule, generally dehiscent both ventrally 
and dorsally. Seeds usually ellipsoid to subglobose, 
1–5 cm long, covered mostly with crustaceous to fl eshy, 
laciniate or entire funicular aril; seed coat formed by 
both integuments, generally multiplicative, with well-
developed vascular system and has the most elaborate 
construction among the fl owering plants; inner epider-
mis of the outer integument strongly developed, trans-
formed into the palisade mechanical layer of the testa. 
Derivatives of the inner integument transformed into 
the complex tegmen that is also vascularized and par-
ticipates in the rumination of the endosperm; chalaza 
large; endosperm copious, ruminate, oily, and also con-
tains large protein crystals and starch grains; embryo 
small, straight, nearly basal, differentiated into very 
short radicle, weakly developed hypocotyl and partly 
or completely connate cotyledons. Produce essential 
oils, fl avonoids, legnans, polyketides (acetogenins), 
tryptamine alkaloids. n = 19, 21, 22, 25, 26.

The Myristicaceae defi nitely belong to the 
Magnolianae, but differ markedly from all of the other 
families in their very elaborate seed structure and tan-
niniferous tubes in rays, axial parenchyma, and phloem. 
The seed structure somewhat resembles the Aristo-
lochiaceae, but the latter has starch-free and not rumi-
nate endosperm and lacks an aril. The Myristicaceae 
resemble Annonaceae in their ruminate endosperm. 
According to Hegnauer (2000) Myristicaceae resemble 
Lauraceae in their seed fats and in their secondary 
metabolism, in their producing of noelignans and lign-
ans, and of polyketides.

1. MYRISTICACEAE

R. Brown 1810. 21/500. Widely distributed in tropical 
countries, especially in Asia.
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Mauloutchia, Brochoneura, Cephalosphaera, 
Haematodendron, Scyphocephalium, Pycnanthus, 
Staudtia, Coelocaryon, Compsoneura, Osteophloeum, 
Otoba, Virola, Bicuiba, Iryanthera, Knema, Horsfi eldia, 
Endocomia, Gymnacranthera, Myristica, Paramy-
ristica, Doyleanthus.
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Suborder LAURANAE

Order 13. LAURALES

Trees or shrubs, sometimes woody lianas, rarely twin-
ing parasitic herbs (Cassytha), usually with oil or muci-
lage cells in the parenchymatous tissues. Nodes 
unilacunar, with 1–7 traces. Xylem usually with well-
developed vessels. Vessels with scalariform or simple 
perforations; lateral pitting scalariform to alternate or 
mostly alternate. Fibers ranging from tracheids through 
fi ber-tracheids to libriform-fi bers. Rays mostly hetero-
geneous. Axial parenchyma apotracheal or paratra-
cheal, rarely absent. Sieve-element plastids of S-, Psc-, 
or Pest-type. Leaves alternate or opposite, sometimes 
verticillate, simple, entire or sometimes lobed or den-
tate, pinnately or rarely palmately compound, without 
stipules. Stomata paracytic or less often anomocytic. 
Flowers usually in cymose or racemose infl orescences, 
rarely solitary, actinomorphic or very rarely oblique, 
spiral, spirocyclic or more often cyclic, bisexual or uni-
sexual, mostly with more or less developed and usually 
cup-shaped hypanthium (fl oral cup) of receptacular 
 origin. Perianth spiral or cyclic (often 3-merous), usu-
ally not differentiated into sepals and petals. Androecium 
of (3-) 5 to many stamens, cyclic or spiral; stamens 
more or less ribbon-shaped or much more often differ-
entiated into fi lament and anther; fi laments frequently 
with two lateral glands; anthers tetrasporangiate or dis-
porangiate, opening longitudinally or more often by 
valves, rarely by pores or very rarely circumscissile 
(Hennecartia). Tapetum secretory or amoeboid. 
Microsporogenesis successive or simultaneous 
(Calycanthaceae). Pollen grains 2-celled or rarely 
3-celled, mostly inaperturate, frequently 2-colpate, 
rarely with 2–12 slightly irregular porate apertures, 
mostly tectate. Gynoecium apocarpous, spiral 
(Gomortegaceae, Calycanthaceae and some 
Monimiaceae) or whorled (polymerous or more often 
monomerous) or less frequently syncarpous; carpels 
1–2,000, glabrous or rarely hairy, fully sealed and with 
a localized stigma on a distinct stylodium or rarely 
unsealed above and with shortly decurrent stigma. 
Ovule solitary in each carpel or in each locule, anatro-
pous, rarely orthotropous or hemitropous, bitegmic or 
rarely unitegmic, crassinucellate. Female gametophyte 
usually of Polygonum-type. Endosperm cellular or 
nuclear (Lauraceae-Lauroideae). Fruits of various 

types. Seeds with endotestal seed coat, embryo small to 
large; endosperm well developed, scanty or absent. 
Produces proanthocyanins but not ellagic acid, and very 
often with benzyl isoquinoline or aporphine alkaloids.

Close to the Magnoliales but more advanced. 
Evidently derived from some vesselless ancestors.

Key to Families
1 Seeds with well-developed endosperm and small or 

medium sized embryo.
2 Gynoecium apocarpous.

3 Anthers opening by slits. Trees or shrubs, 
rarely woody lianas. Spherical ethereal cells 
present; mucilage cells absent. Nodes unilacu-
nar with 1–7 traces. Nodes unilacunar with 
1–7 traces. Vessels with simple perforation. 
Sieve-element plastids of S-, Psc-, or Pcsf-
type. Leaves alternate or opposite. Stomata 
paracytic or anomocytic. Flowers in cymose 
infl orescences or rarely solitary, unisexual in 
most genera, bisexual in Hortonia, actinomor-
phic or very rarely oblique. Receptacle trans-
formed into more or less well- developed fl oral 
cup, more or less globose or urceolate to 
widely campanulate. Perianth segments spiral 
or in cycles, often 4-merous or of decussate 
pairs, sometimes absent. Stamens usually 
numerous and dispersed over the inner surface 
of the receptacle or fewer and sometimes in 
one or more 4- merous cycles; fi laments in 
Hortonia, Peumus, and Monimia with two 
nectariferous glands; anthers tetrasporangiate 
or disporangiate, opening longitudinally or by 
valves. Pollen grains inaperturate or dicolpate. 
Carpels 1–2,000 (1 in Xymalos, 1–2 in 
Hennecartia, 1,000 in Decaryodendron and 
up to 2,000 in Tambourissa fi cus, the largest in 
Magnoliidae), small, whorled or spiral or 
irregular, free (in Tambourissa congenitally 
united and congenitally immersed in the fl oral 
cup (Endress et al. 1997); the carpel is covered 
with unicellular, often lignifi ed or stellate 
hairs, or glabrous; ovary superior (inferior in 
Tambourissa – Monimiaceae); stylodia short 
or elongate, with terminal stigma. Ovules soli-
tary, anatropous or (Kibara, Kibaropsis, 
Xymalos) hemitropous, erect or pendulous, 
bitegmic. Fruits drupes. Seeds endotestal, 
the tegmen eventually crushed; endosperm 
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copious, oily; embryo very small to moder-
ately large, straight, differentiated, with two or 
very rarely four (Kibaropsis) cotyledons. 
Hippocrepiform sclereids present. Benzyl 
isoquinolines present. n = 19–22, 39, 43, 57, 
etc.. . . . . . . . . . . . . . . . . . . . 1. monimiaceae.

3 Anthers opening by valves.
4 Fruits of long-stylodiated plumose achenes. 

Trees or shrubs. Nodes with 1 trace. Sieve-
tube plastids P-type. Leaves opposite, petio-
late, gland-dotted or not, simple, entire or 
dentate, estipulate. Stomata anomocytic. 
Flowers solitary or in racemes or cymes, 
 bisexual or monoecious or polygamo-dioe-
cious, actimo  norphic or somewhat zygomor-
phic. Perianth segments with distinct calyx 
and corolla, or sepaloid, or vestigial, or absent. 
Corolla when present 7–20, or more. Stamens 
(4-)6-12(-100). Filaments appendaged, each 
with a pair of glandular scales at the base. 
Anthers adnate, extrorse, disporangiate, open-
ing by two valves. Pollen grains reticulate. 
Gynoecium of 3–100 carpels with a lateral 
style, or with a gynobasic style. Ovary supe-
rior to inferior; ovule 1, anatropous, or rarely 
orthotropous, micropyle endostomal, directed 
downward. Fruits plumose, with woody 
hypanthium. Seeds with small, well differenti-
ated, straight embryo; endosperm oily. 
Flavonols present; kaempferol and quercetin, 
n = 22, 57. . . . . . . . 4. atherospermataceae.

4 Fruitlets drupes. Shrubs or small trees bearing 
essential oils. Nodes with one trace. Vessels 
with simple or scalariform and simple perfora-
tions. Xylem without fi bre tracheids. Axial 
parenchyma apotracheal. Leaves evergreen, 
opposite or verticillate, simple, entire, gland-
dotted, or not gland-dotted, estipulate. Stomata 
paracytic. Flowers in cymes, spikes, or in pan-
icles, monoecious or dioecious, actinomorphic 
to zygomorphic. Free hypanthium present. 
Perianth with distinct calyx and corolla, peri-
anth segments 4-6(-8), or obscure, calyptrate. 
Stamens (1)2-100, fi laments free, without nec-
tariferous appendages. Anthers often with one 
fl ap, introrse, bisporangiate (Siparuna), or tet-
rasporangiate (Glossocalyx). Pollen grains 
inaperturate. Gynoecium of (3-)4-100 carpels; 
style free or connate at the apex; ovule solitary 

in each carpel, ascending, anatropous, uniteg-
mic or bitegmic (Glossocalyx – Philipson 
1993). Fruits druplets, with fl eshy appendage, 
enclosed in the fl eshy hypanthium. Seeds 
erect, endosperm not oily. Plants accumulate 
Aluminum; n = 22.  . . . . . . . 5. siparunaceae

2 Gynoecium syncarpous. Aromatic trees with 
secretory cells containing a yellowish, resinous 
substance. Nodes with two traces. Vessels with 
scalariform perforations with 9–19 bars. Sieve-
element plastids of Pcsf-type. Leaves opposite, 
decussate, simple, entire, pinnately veined, estip-
ulate. Stomata paracytic. Flowers rather small, in 
axillary or terminal racemes, subtended by two 
inconspicuous, caducous bracteoles, bisexual. 
Perianth segments 7–10, more or less spirally 
arranged, intergrading with the stamens. Stamens 
7–13, the outer 1–3 petaloid, the next 5–10 dif-
ferentiated into fi lament and anther, basally pro-
vided with two short-stalked nectariferous 
glands; anthers disporangiate, the outer stamens 
introrse, the middle ones latrorse, opening from 
the base upward by two valves. Pollen grains 
globose, inaperturate, tectate, with a delicate 
exine and a thicker intine. Gynoecium of (2)3(-5) 
glabrous carpels; style very short, with 2(3) stig-
matic branches; ovary deeply inferior, 
(2)3(-5)-locular, each locule with a single ortho-
tropous to hemianatropous (Endress et al. 1997) 
ovule pendulous from the apex. Fruits drupa-
ceous, mostly one-seeded. Seeds thin-walled; 
endosperm copious, oily; embryo rather large, well 
differentiated, n = 21.  . . . . 6. gomortegaceae.

1 Seeds without endosperm and with large or medium-
sized embryo.
5 Leaves alternate.

6 Ovary superior, sometimes semi-inferior, very 
rarely inferior (Hypodaphnis). Aromatic trees or 
shrubs or rarely (Cassytha) twining parasitic 
herb. Vessels mostly with simple perforations, 
but simple and scalariform in some genera and 
sometimes scalariform (commonly with few 
bars, rarely up to 25 in some species of 
Actinodaphne, Aiouea, and Litsea), lateral pit-
ting alternate. Fibers predominantly libriform. 
Rays heterogeneous to homogeneous, in 
Hypodaphnis exclusively homogeneous (com-
posed solely of procumbent cells). Axial paren-
chyma basically paratracheal. Oil cells and 
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mucilage cells present. Nodes unilacunar, with 
1–3 traces. Leaves alternate to opposite or appar-
ently verticillate, simple, entire or sometimes 
(Sassafras) lobed, often coriaceous, gland-dot-
ted, aromatic; venation pinnate or rarely pal-
mate. Stomata paracytic or sometimes 
anomocytic. Flowers usually in axillary and 
commonly cymose infl orescences, rarely soli-
tary, bisexual or less often  unisexual, generally 
actinomorphic, mostly  3-merous. Perianth seg-
ments commonly six and mostly in two  usually 
equal cycles. Stamens usually in four cycles of 
three, of which the innermost cycle is sterile or 
often lacking; sometimes also one or two of the 
outer three cycles sterile or absent; usually the 
third cycle with a pair of nectariferous glands at 
the base; increased number of stamens are 
found in some genera (up to 32 in Cinnadenia); 
anthers 2- or 4-locular, basifi xed, tetrasporan-
giate or disporangiate, opening by two or four 
valves, or rarely (Hexapora) by pores, mostly 
from the base upward, in the two outer cycles 
mostly introrse and in the third cycle introrse to 
extrorse. Pollen grains 2-celled, more or less 
spheroidal, inaperturate, with rather thick intine 
and extremely thin and entirely ectexinous 
exine, mostly echinate. Gynoecium monocarpe-
late. The stylodium often shows a deep furrow 
at the ventral side; stigma papillate, capitate to 
disciform, lobed, or decurrent. Ovule solitary, 
large to very large, anatropous, pendulous, api-
cal or subapical, with dorsal raphe; outer integ-
ument not contributing to the micropyle; 
endosperm haustoria present or absent. Fruits 
baccate (drupes with weakly developed endo-
carp), 1-seeded; fruit enclosed in the fl eshy 
receptacle, or enclosed in the fl eshy hypan-
thium, or without fl eshy investment. Seed with 
thin testa; embryo well differentiated, straight, 
with very large, occasionally ruminate cotyle-
dons; endosperm reduced. Plants producing fl a-
vones, 5-O-methyl  fl avonols, polyketides 
(acetogenins), tryptamine alkaloids, kaempferol 
and quercetin. n = 12(15). . . . . . 8. lauraceae

6 Ovary inferior. Fruits dry and indehiscent. 
Trees, shrubs, or woody lianas. Vessels with 
simple perforations; lateral pitting mostly alter-
nate. Fibers with simple or bordered pits. Rays 
heterogeneous to homogeneous. Axial paren-

chyma usually para-tracheal. Nodes unilacu-
nar, with several traces. Leaves simple 
(sometimes 3-lobed) or palmately compound, 
pinnately, palmately, or pedately veined; glan-
dular hairs in leaf epidermis. Stomata paracytic 
or anomocytic. Flowers in cymose infl ores-
cences, bisexual or unisexual, more or less acti-
nomorphic. Perianth segments in two cycles of 
3-4(-6) or in one cycle of 4–8, imbricate or val-
vate. Stamens 3-5(-7) in a single cycle; fi la-
ments commonly with a pair of dorso-basal or 
basilateral nectariferous glands; anthers dispo-
rangiate, opening by valves. Pollen grains 
spheroidal, inaperturate, with massive intine 
composed of unstratifi ed inner and thick, radi-
ally channeled outer layer, and very thin exine 
ornamented by spines and globules. Gynoecium 
monocarpellate; stylodium with a ventral fur-
row decurrent from the peltate stigma. Ovule 
solitary, large to very large, anatropous, pendu-
lous. Seeds ruminate (Hernandia), testa vascu-
larised, spongy, tanniniferous; n = 10, 12, 15, 
20.. . . . . . . . . . . . . . . . . . .7. hernandiaceae.

5 Leaves opposite. Fibers with minute bordered 
pits. Rays predominantly uniseriate or predomi-
nantly multiseriate. Sieve-element plastids 
P-type. Leaves opposite, simple, entire, pinnately 
veined, without stipules. Stomata paracytic. 
Stamens spirally arranged at the rim of the recep-
tacle, usually more or less  ribbon-shaped, with 
short or no fi lament, with  prolonged connective, 
the inner ones staminodial; anthers extrorse. Pollen 
grains more or less globose, with two distal colpi, 
tectate-columellate, psilate. Carpels with usually 
elongate stylodium; ovules solitary, basal or two 
superposed ovules, the upper one abortive. Fruits 
usually of numerous achenes enclosed in the 
enlarged, fl eshy receptacle. Very rich in common 
mono- and sesquiterpenes. Characterized by the 
presence of calycanthidine and calycanthine types 
of alkaloids.
7 Carpels 5–35; cotyledons 2, spirally twisted. 

Deciduous or sometimes evergreen small trees 
or shrubs. Nodes with two traces. Vessels with 
simple perforation. Parenchyma scanty vasi-
centric with some diffuse. Flowers, bisexual, 
solitary at the ends of specialized short leafy 
branches. Perianth sequentially intergrading 
from sepals to petals; perianth segments 15–30, 
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free. Stamens 5–30. Anthers adnate, extrorse, 
tetrasporangiate, appendaged. Pollen grains 
aperturate; 2(–3) colpate, sulculate, 2-celled. 
Ovules two, ascending, anatropous or apotro-
pous, crassinucellate or subcrassinucellate. Fruits 
achenes, enclosed in the fl eshy hypanthium; 
seeds with well differentiated, large embryo; 
endosperm wanting. Producing tryptamine 
(calycanthidine) and benzylisoquinoline alka-
loids; n = 11. . . . . . . . . . . 3. calycanthaceae

7 Carpels 1 or 2(3); cotyledons 3 or 4, fl eshy, 
peltate. Evergreen trees. Vessels with scalari-
form perforation. Axial parenchyma abundant, 
predominantly apotracheal. Flowers, bisexual 
and male, solitary (3) on bracteate, axillary 
peduncles, or in few-fl owered terminal infl o-
rescences. Perianth sequentially intergrading 
from sepals to petals, or petaloid; perianth 
 segments 30–40, free. Stamens 13–15. Anthers 
adnate, extrorse, appendages. Pollen grains 2 
colpate. Gynoecium of 1 or 2(3) carpels. 
Ovules 1–2, anatropous. Stigma multiseriate-
multicellular-papillate, fl eshy, subsessile, 
broad, obliquely terminal. Fruits strictly non-
fl eshy, but enclosed in the fl eshy receptacle. 
Seeds without endosperm. Embryo with three 
or more often four massive, fl eshy-fi rm, coty-
ledons attached in a single whorl. Producing 
luteolin; n = 11.. . . . . . . . 2. idiospermaceae

1. MONIMIACEAE

A. L. de Jussieu 1809 (Hortoniaceae A. C. Smith 
1971). 23/200. Tropical and subtropical regions, 
 especially of Southern Hemisphere, where they reach 
temperate zones; concentrated in Malesia, in the 
islands of the southwestern Indian Ocean, including 
Madagascar, and in South America; poorly represented 
in Africa and absent in India.

1.1 HORTONIOIDEAE
Stomata paracytic. Flowers bisexual. Receptacle con-
cave. Perianth spiral, with no clear distinction between 
outer sepaloid and inner petaloid members. Stamens 
with two appendages on the fi lament. Anthers tetraspo-
rangiate, opening longitudinally. Staminodia present. 
Pollen grains inaperturate, with semihelical bands. 
Carpels free. Ovules bitegmic, the micropyle directed 

upward. Hippocrepiform sclereids present. – Hortonia 
(3, Sri Lanka).

1.2 MOLLINEDIOIDEAE
Stomata paracytic. Flowers unisexual (monoecious or 
dioecious). Receptacle fl at, concave, urceolate or glo-
bose, sometimes pollinated at the upper margin of the 
globose fl oral cup, at a “hyperstigma” (Endress 1979, 
1980b, 1983). Perianth segments sepaloid or absent. 
Stamens without appendages on the fi laments. Anthers 
tetrasporangiate, opening longitudinally or rarely cir-
cumscissile (Hennecartia). Staminodia absent in female 
fl owers, but sometimes the inner stamens sterile in male 
fl owers. Pollen grains inaperturate, rarely in tetrads or 
dyads. Carpels free, or inferior in Tambourissa, solitary 
in Xymalos. Stylodia subulate or stigmas sessile. Ovules 
bitegmic, with the micropyle directed upward (sideways 
in Kibaropsis). – hedycaryeae: Decarydendron, 
Ephippiandra, Hedycarya, Kibaropsis, Levieria, 
Tambourissa, Xymalos; mollinedieae: Austromatthaea, 
Faika, Kairoa, Kibara, Macropeplus, Matthaea, 
Mollinedia, Parakibara, Steganthera, Tetrasynandra, 
Wilkiea; hennecartieae: Hennecartia.

1.3 MONIMIOIDEAE
Stomata anomocytic. Flowers unisexual (dioecious). 
Receptacle a shallow cup or urceolate. Perianth seg-
ments sepaloid. Filaments appendaged (except in 
Palmeria). Anthers tetrasporangiate or disporangiate, 
opening longitudinally. Staminodia absent. Pollen 
grains inaperturate. Carpels free, stylodia elongate, 
projecting through the ostiole. Ovules bitegmic, the 
micropyle directed upward. – palmeryeae: Palmeria; 
monimieae: Monimia; peumeae: Peumus.

The most archaic member of the family is the genus 
Hortonia. The Monimiaceae are divided into a number 
of well-defi ned subfamilies (Schodde 1970; Thorne 
1974, 1992, 2000).

2. IDIOSPERMACEAE

S. T. Blake 1972. 1/1. Northeastern Queensland.
Idiospermum.
Very closely related to the Calycanthaceae, but dis-

tinctive nature of the fl avonoids of Idiospermum, 
together with the morphological and anatomical differ-
ences between Calycanthaceae and Idiospermum sup-
port removing Idiospermum from the Calycanthaceae 
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and placing it in a separate family (Sterner and Young 
1980).

3. CALYCANTHACEAE

Lindley 1819. 2/7 (including Chimonanthaceae Perleb 
1838). Continental China, North America.

Calycanthus (including Sinocalycanthus), Chimo-
nanthus.

Related to the Monimiaceae, but markedly differ in 
the presence of four inverted vascular bundles in the 
cortex and pericycle of the young stem, and the absence 
of triple fusion, and autonomous development of the 
endosperm.

4. ATHEROSPERMATACEAE

R. Brown 1814. 7/16. Temperate to tropical. Australia, 
New Guinea, New Zealand, New Caledonia, Chile.

atherospermeae: Atherosperma, Laureliopsis; 
 laurelieae: Daphnandra, Doryphora, Dryadodaphne, 
Laurelia, Nemuaron.

5. SIPARUNACEAE

Schodde 1970. 2/150. Tropical America, West Indies, 
West Africa.

Siparuna (including Bracteanthus), Glossocalyx.

6. GOMORTEGACEAE

Reiche 1896 1/1. Central Chile.
Gomortega.
Rather closely related to the Monimiaceae and 

especially to the Atherospermataceae (Goldblatt 1976), 
differing from them mainly by syncarpous pseudomo-
nomerous gynoecium and inferior ovary. According to 
Stern (1955), the Gomortegaceae are most likely 
closely allied to Monimiaceae through a Hortonia-like 
ancestor. The Pcsf-type sieve-element plastids of 
Gomortega are much like those of the Athero-
spermataceae and the Calycanthaceae but have one 
large starch grain (Behnke 1988). Gomortegaceae are 
very heterobathmic (primitive wood anatomy, undif-
ferentiated tepals, and spiral androecium together with 
syncarpous ovary with single pendulous ovule,  valvular 
dehiscence of the anthers, and large embryo).

7. HERNANDIACEAE

Blume 1826 (including Gyrocarpaceae Dumortier 
1829; Illigeraceae Blume 1833). 4/58. Tropics and 
partly subtropics of both hemispheres, mainly in coastal 
areas, especially on oceanic islands, reaches north to 
southern China, Taiwan, Ryukyu Islands, and Mexico.

7.1 HERNANDIOIDEAE
Infl orescences thyrsoid, bracteate, with cincinnate par-
tial infl orescences. Cotyledons more or less crumpled. 
Cystoliths absent. Evergreen trees with simple leaves 
(Hernandia) or lianas with 3–5-foliolate leaves 
(Illigera). – Hernandia, Illigera.

7.2 GYROCARPOIDEAE. 
Infl orescences dichasial, ebracteate. Cotyledons 
 foliaceous and folded around the radicle or spirally 
twisted. Cystoliths present. Deciduous trees with 
entire or 3–5-lobed leaves (Gyrocarpus) or shrubs or 
lianas with simple, mostly triplin-erved leaves 
(Sparattanthelium). – Gyrocarpus, Sparattanthelium.

Closely related to the Lauraceae, but have also some 
similarities to the Monimiaceae.

8. LAURACEAE

A. L. de Jussieu 1789 (including Cassythaceae Bartling 
ex J. Lindley 1833; PerseaceaeHoraninow 1834). 
54/2500–3500. Tropical and subtropical regions of both 
hemispheres, centered in Southeast Asia and tropical 
America. Some genera, including Laurus, Lindera, Litsea, 
Persea and Sassafras, reach warm-temperate areas.

8.1 LAUROIDEAE
Trees and shrubs with well-developed green leaves. 
Tapetum secretory or amoeboid. Endosperm nuclear or 
rarely (Umbellularia) cellular. Micropyle formed by 
the inner integument alone. – perseea: Persea, Phoebe, 
Apollonias, Nothaphoebe, Alseodaphne, Dehaasia, 
Caryodaphnopsis, Neocinnamomum, Nectandra, 
Pleurothyrium, Rhodostemonodaphne, Urbanodendron, 
Dicypellium, Phyllostemonodaphne, Systemonodaphne 
(Kubitzkia), Paraia, Gamanthera, Povedadaphne, 
William odendron, Mezilaurus (including Clinostemon), 
Anaueria, Beilschmiedia, Brassiodendron, Endiandra, 
Triadodaphne, Hexapora, Potameia, Syndiclis, 
Dahlgreno dendron, Aspidostemon, Potoxylon, 
Cinna denia, Chlorocardium; cinnamomeae: Ocotea, 
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Cinnamo mum, Actinodaphne, Aiouea, Aniba, Endli-
cheria, Licaria; laureae: Umbellularia, Dode-
cadenia, Litsea, Adenodaphne, Neolitsea, Lindera, 
Iteadaphne, Laurus, Parasassafras, Sassafras; 
cryptocaryeae: Crypto carya, Ravensara, Eusider-
oxylon; hypodaphnideae: Hypodaphnis.

8.2 CASSYTHOIDEAE
Semiparasitic climbing or twining herbs with scalelike 
leaves attached to host plants by haustoria (modifi ed 
roots). Tapetum secretory. Endosperm cellular. 
Micropyle formed by both integuments. Inner  integument 
does not grow beyond nucellus so that overarching 
funiculus is in close contact with nucellus. – Cassytha.

Lauraceae are related to the Monimiaceae and prob-
ably derived from Hortonia-like ancestors. The taxo-
nomic subdivision of the family as well as its phylogeny 
have been subjects of controversy and conjecture for a 
long time and have been discussed by many system-
atists (Rohwer 1993). There is no satisfactory subdivi-
sion of the family, and even its subdivision into two 
subfamilies, which is apparently well supported by 
embryological data, creates some doubts. According 
to Rohwer (1993), there is increasing evidence (from 
fl ower and fruit structure, pollen morphology, and 
alkaloid chemistry) that Cassytha is an offshoot of the 
branch leading to Cryptocarya.
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Superorder PIPERANAE

Order I4. PIPERALES

Mostly herbs (rhizomatous or tuberous perennials or 
delicate annuals), less often shrubs and subshrubs, 
rarely small trees, sometimes lianas or epiphytes, fre-
quently succulent when herbaceous. Nodes multilacu-
nar or trilacunar, rarely unilacunar, frequently jointed 
or swollen. Vascular bundles widely spaced, arranged 
in a single circle (Saururaceae) or in two or more 
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circles with others often scattered inside the rings. 
Vessels with simple or sometimes scalariform perfora-
tions; lateral pitting alternate, opposite, or scalariform. 
Rays wide and very high, heterogeneous. Axial paren-
chyma paratracheal. Sieve-element plastids of S-type. 
Leaves alternate, rarely opposite or verticillate, simple, 
entire, palmately or pinnately veined, with stipules 
usually more or less adnate to the petiole or without 
stipules, often pellucid-dotted. Stomata of various 
types, mostly encyclocytic, sometimes anomocytic or 
helicocytic. Prophylls in Saururaceae and many 
Piperaceae median, in adaxial position. Flowers 
numerous, small or minute, in terminal or axillary and 
more or less dense, elongate spikes (generally fl eshy in 
Peperomia) or less often racemose, each in the axil of 
a small and mostly peltate bract but without bracteoles, 
mostly bisexual, without perianth, zygomorphic, ane-
mophilous or entomophilous. Androecium of six sta-
mens in two cycles in the Saururaceae, or of two 
stamens in the Peperomiaceae and (1)2-7(-10), often 
three in the Piperaceae; fi laments commonly free; 
anthers tetrasporangiate or disporangiate (Peperomia), 
basifi xed,  opening longitudinally. Tapetum secretory. 
Micro sporo genesis usually simultaneous. Pollen grains 
mostly 2-celled, small to minute, boat-shaped to glo-
bose-spherical, monocolpate, trichotomocolpate, 
 inaperturate or almost inaperturate, tectate. Gynoecium 
of (3)4(5) basally connate, conduplicate carpels 
(Saururus), monocarpellate or, according to Sastra-
pradja (1968), pseudomonomerous (Peperomiaceae) 
or syncarpous and unilocular (paracarpous) of (2)3-
4(5) carpels (Piperaceae and most of the Saururaceae). 
Ovary mostly superior, but partly inferior in some spe-
cies of Piper and inferior in Anemopsis, Gymnotheca 
and Macropiper. Stigma double-crested and decurrent 
along the distinct and not completely sealed stylodia 
(Saururaceae) or sessile or nearly sessile, apical, 
 subapical or lateral. Ovules 1-10(13) to numerous, in 
laminar-lateral position in Saururus, parietal in other 
genera of the Saururaceae, and solitary and subbasal in 
the Piperaceae and Peperomiaceae, orthotropous, 
bitegmic or (Peperomiaceae) unitegmic, crassinucel-
late or rarely subtenuinucellate (Houttuynia), or 
(Zippelia – Lei et al. 2002) tenuinucellate. Female 
gametophyte monosporic of Polygonum-type or tet-
rasporic. Endosperm cellular or (Piper) nuclear. Fruits 
of somewhat fl eshy I-seeded and indehiscent fruitlets 
in Saururus, fl eshy capsules with few seeds, or more 
frequently more or less drupaceous or sometimes ber-

rylike. Seeds small, with small to minute, undifferenti-
ated to weakly differentiated embryo, scanty or copious 
endosperm, and copious starchy perisperm. Often con-
tain alkaloids and fl avonols.

Key to Families
1 Pollen grains 3-celled. Small shrubs with sympo-

dial branching and storied wood. Nodes swollen, 
unilacunar, with two traces. Vessel elements very 
short, with simple perforations, but a few plates 
partly or completely traversed by a single wide bar 
are located in vessels near the pith (Carlquist 1990). 
Lateral pitting mostly alternate, rarely scalariform 
and opposite. Fiber tracheids with vestigial bor-
dered pits. Rays mainly restricted to the nodal 
regions, wide and tall, cells mostly upright. Axial 
parenchyma scanty, vasicentric. Fibers, vessels, and 
axial parenchyma storied. Sieve-element plastids of 
Ss-type with about ten globular starch grains. 
Leaves small, alternate, simple, entire, emarginate, 
with converging main veins, pellucid-punctate, 
with a conspicuous, membranous, sheathing, ochre-
alike stipules adnate to the petiole and formed by 
the fusion of two distinct outgrowth that develop 
from the fl anks of the base of the leaf primordium 
and partially encircle the shoot apex (Gonzáles and 
Rudall 2001). Epidermis on the abaxial surface 
papillate. Stomata anomocytic. Camphor oil and 
coumaric acid present in leaves. Flowers small, 
solitary in the axils or more often in 2–4-fl owered 
axillary monochasia, bisexual and unisexual 
(gynomonoecious), cyclic, 3-merous, apetalous. 
Sepals three, free, imbricate, membranous. Stamens 
six in two cycles, very short and wide, narrowly 
laminar, tetrasporangiate, with abaxial, nearly mar-
ginal disporangiate anther halves and shortly pro-
longed connective; in some fl owers inner stamens 
transformed into staminodia. Anthers basifi xed. 
Pollen grains in permanent tetrahedral tetrads of 
calymmate type, monocolpate with poorly defi ned 
lenticular or ovoid aperture (Carlquist 1964); the 
tectum has minute perforations and an infratectal 
region of granules which are sometimes fused to 
form incipient columellae. The ektexine is continu-
ous across the external walls of neighbouring pol-
len grains, but only tenuous links occur between the 
internal walls. There is a poorly developed foot 
layer, which is absent, or has a granular appearance, 
in some regions. Endexine is lacking and the intine 
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has an outer region containing tubular material 
(Sampson 1995). Gynoecium of three carpels adax-
ially more or less connate at the base and gradually 
narrowing above into stylodium with short decur-
rent stigma consisting of two lines of papillae lining 
the ventral slit. Ovules (4)5-6(-8) in each carpel, on 
a long funiculus, arranged alongside the carpel 
margins, anatropous and with the micropyle directed 
upward, bitegmic (with both integuments lobed), 
almost tenuinucellate (but with 2–4-layered nucel-
lar cup), with an endothelium, cup-like hypostase 
and active integumentary tapetum. Endosperm cel-
lular, with chalazal haustorium. Fruits trifollicles. 
Seeds small, elongate, with membranous and retic-
ulate testa, very small embryo with two  minute 
cotyledons; endosperm copious, oily with chalazal 
haustorium. Exhibit fl avonoid constituents consist-
ing of 6, 3-0-diglycosides of the fl avonols kaemp-
ferol and isorhamnetin. n = 20 (probably tetraploid 
of x = 10, Tobe et al. (1993). . . 1. lactoridaceae.

1 Pollen grains 2-celled.
2 Seeds with copious perisperm.

3 Pollen grains monocolpate. Flowers bisexual 
(in Houttuynia bisexual and male). Gynoecium 
of (3)4(5) carpels, these conduplicate and free 
above the connate base in Saururus, united 
into a paracarpous gynoecium in the other 
genera; ovary superior (Saururus, Houttuynia) 
or inferior (Anemopsis, Gymnotheca), stylo-
dia free, not wholly closed, with decurrent 
stigma. Ovules (1)2(3) and laminal-lateral in 
Saururus, 6-10(-13) on each placenta in the 
other genera; micropyle zig-zag. Endosperm 
cellular, with chalazal haustorium. Fruits of 
four basally connate indehiscent fruitlets 
(Saururus) or apically dehiscent capsules. 
Seed coat formed by both integuments, but 
the main mechanical layer derived from the 
inner one; embryo minute, weakly differenti-
ated. Vascular bundles arranged in one or 
sometimes two circles. Vessels with scalari-
form perforations and numerous bars, or less 
often (Anemopsis) with simple perforations; 
lateral pitting opposite or scalariform. 
Rhizomatous, aromatic or pungent, often 
stoloniferous herbs with secondary growth. 
Producing leucanthocyanins, alkaloids lack-
ing, n = 11, 12 (Saururus and Anemopsis) and 
9 (Gymnotheca).  . . . . . . . . .2. saururaceae

3 Pollen grains monocolpate or inaperturate. 
Gynoecium of several carpels or monocarpel-
late. Ovules solitary on each placenta or in 
each carpel and subbasal. Female gametophyte 
tetrasporic. Endosperm without chalazal haus-
torium. Vascular bundles in two or more cir-
cles. Lateral pitting of the vessels alternate.
4 Herbs, shrubs, woody lianas, or small trees, 

sometimes epiphytic, often with adhesive 
roots when juvenile, often aromatic. The 
outer vascular bundles united into a cylin-
der, the inner ones scattered in one or two 
cycles. Leaves usually alternate, often dis-
tichous or spirally arranged, sometimes 
opposite or verticillate, often pellucid-
punctate, pinnately or palmatelyeined; 
stipules commonly present, free or adnate 
to the petiole or variously modifi ed, rarely 
absent; petioles winged, often sheathing the 
mostly jointed stem. Flowers bisexual or 
rarely unisexual (Macropiper). Subtending 
bracts peltate, subpeltate, or laterally 
attached. Stamens 2–6, often 3. Anthers tet-
rasporangiate, with discrete locules. Pollen 
grains monocolpate, smooth and slightly 
rough (Zippelia), continuously verrucate 
(Piper). Gynoecium of (2-)3-5(-7) carpels, 
stigmas essentially apical. Ovules bitegmic. 
Female gametophyte of Fritillaria-type. 
Endosperm nuclear. Fruits drupaceous or 
baccate. Seed coat formed by the inner 
integument; embryo small, globular, undif-
ferentiated or with small primordia of coty-
ledons, n = 13 (Micropiper and Piper), 
19 (Zippelia).  . . . . . . . . . . . 3. piperaceae.

4 Perennial or annual herbs, often epiphytic, 
commonly succulent. Vascular bundles sep-
arate and wholly scattered or in some species 
organized into more or less distinct circles. 
Leaves alternate, opposite, or verticillate, 
without stipules; petioles not winged, stem 
not jointed. Flowers bisexual. Subtending 
bracts usually orbicular. Stamens two. 
Anthers disporangiate and with eventually 
confl uent locules. Pollen grains  inaperturate 
or almost inaperturate. Gynoecium of 1-3(-
4) carpels, stigma simple, apical or subapi-
cal, often penicillate. Ovules unitegmic. 
Female gametophyte of Peperomia-type. 
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Endosperm cellular. Fruits drupaceous. Seed 
coat formed by single integument; embryo 
small, in many species globular, undifferen-
tiated, n = 11.. . . . . . . . . 4. peperomiaceae

2 Seeds without perisperm. Rhizomatous herbs, 
subshrubs, or shrubs, erect, scrambling or scan-
dent, sometimes tall lianas. Branches often 
slightly swollen and jointed at nodes. Nodes tri-
lacunar. Vessels with simple perforations; lat-
eral pitting alternate. Fibers with bordered pits. 
Rays in woody lianas limited to only interfas-
cicular and wide and very high, dissecting the 
stem into discrete bundles; rays in Thottea het-
erogeneous and with short ends. Axial paren-
chyma usually paratracheal and rather scanty, 
sometimes apotracheal. Sieve-element plastids 
of S-type (species of Thottea) or more often of 
several different forms of P1/2c-type. Leaves 
alternate, distichous, simple, entire, often more 
or less cordate or reniform, sometimes 3-lobed, 
2-lobed, or palmately to pedately lobed, pin-
nately or more often palmately veined, some-
times pellucid-punctate, estipulate. Stomata 
anomocytic. Prophylls solitary and median, in 
adaxial position. Flowers solitary or in rhipidia, 
terminal or axillary, sometimes on the older 
wood, bisexual, zygomorphic or seldom actino-
morphic, basically 3-merous, entomophilous 
and often smelling of carrion. Calyx gamose-
palous (in Asarum caulescens only slightly 
united at base), actinomorphic, 3-lobed and 
campanulate, urceolate or cup-shaped or often 
zygomorphic, tubular or pitcherlike, straight, 
curved, S-shaped or pipe-shaped, 3 (-6)-lobed 
or I- lipped and entire, often large and bizarrely 
colored, fetid. Petals usually absent, very rarely 
well developed (Saruma) or vestigial (three 
minute teeth alternating with the calyx lobes in 
some species of Asarum). Stamens (4 or 5)6-
12(-36, rarely more than 40), in one or two 
cycles or very rarely (in some species of 
Thottea) in three or four cycles, often with more 
or less prolonged connective, free or slightly 
mutually united at the base, and/or almost com-
pletely adnate to the style to form a gynoste-
mium; fi laments short, thick; anthers free or 
dorsally united to the style, tetrasporangiate, 
extrorse or those of the outer cycle nearly 
latrorse, opening longitudinally. Microsporo-

genesis simultaneous or successive. Pollen 
grains 2-celled, more or less globose, large to 
medium-sized, monocolpate (Saruma) or more 
commonly  inaperturate, sometimes polyporate 
or, more rarely, polycolpate, semitectate-reticu-
late (Saruma) or tectate. Gynoecium of four 
(Thottea) or six carpels (other  genera), com-
monly syncarpous or rarely (Saruma) nearly 
apocarpous; carpels medium to very large; 
 stylodia free or connate to form a short and 
stout style with 3–6 lobes; stigmas decurrent in 
Saruma and Asarum, but more specialized in 
the other genera; ovary semiinferior (Saruma) 
or more often inferior, 4–6- locular or some-
times imperfectly locular, with several to usu-
ally many horizontal or pendulous ovules 
arranged submarginally in each locule or on 
each intruded placenta. Ovules anatropous 
(very rarely circinotropous), bitegmic (integu-
ments mostly unlobed), crassinucellate, num-
ber of ovules 2-50(-150+) in each carpels. 
Female gametophyte of Polygonum-type. Fruits 
usually capsular, septicidal or rarely (in some 
species of Aristolochia) dehiscing apically 
toward the base (e.g., Thottea) or basally toward 
the apex (e.g., most Aristolochia), sometimes 
bursting irregularly (some species of Asarum). 
The fruit is rarely a semiapocarpous multifolli-
cle (Saruma) or hard and indehiscent or con-
sists of indehiscent I-seeded cocci (Euglypha). 
Seeds usually many in each locule or on each 
placenta, small to medium-sized, variously 
shaped, often coated with remains of placental 
tissue (membranous when dry); seed coat with 
the mechanical tissue derived from both integu-
ments. The most characteristic layer of the seed 
coat is the inner epidermis of the outer integu-
ment, which consists of cells with often large, 
solitary or twin crystals of calcium oxalate and 
proximally thickened cell walls; embryo basal, 
minute, and sometimes undifferentiated; 
endosperm copious, fl eshy, oily, and in some 
cases also starchy, sometimes weakly ruminate. 
Tend to deposit silica and calcium oxalate in 
their tissues, accumulating essential oils of 
taxon-specifi c composition in idioblasts and 
benzyl isoquinoline alkaloids and their degra-
dation products, but lacking protoanthocyanins 
and ellagic acid. . . . . . . 5. aristolochiaceae.
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1. LACTORIDACEAE

Engler 1888. I/I. Masatierra of the Juan Fernández 
Islands.

Lactoris
The only living and highly endangered representa-

tive of the order – Lactoris fernandeziana – is one of 
the most remarkable archaic fl owering plants. Lactoris 
is characterized by one unique character – saccate  
 pollen grains (Carlquist 1964; Zavada and Taylor 
1986), which together with the whole constellation of 
its traits makes it taxonomically rather isolated. 
However, some botanists have suggested a defi nite 
relationship between the Lactoridaceae and the 
Piperaceae. According to Weberling (1970), the leaf 
base and stipules of the Lactoridaceae are similar 
to those of the Piperaceae-Saururaceae alliance. 
According to Carlquist (1990), the wood of Lactoris is 
virtually identical with that of Piperaceae. In his opin-
ion evidence available to date supports the placement 
of Lactoridaceae in Piperales, in which it would be 
more primitive than Piperaceae and Saururaceae.

2. SAURURACEAE

Martynov 1820. 4/7. From the Himalayas to Japan, 
Philippines and Indochina, North America and Mexico 
(Anemopsis). The most archaic genus Saururus (2) is 
disjunct between eastern Asia and eastern USA.

Saururus, Anemopsis, Houttuynia, Gymnotheca.
According to Meng et al. (2001), Anemopsis departs 

from the rest of Saururaceae.

3. PIPERACEAE

Giseke 1792. 7/1100. Pantropical.
Zippelia, Macropiper, Piper, Lindeniopiper, 

Trianaeopiper, Pothomorphe, Sarcorhachis.
Probably related to the Lactoridaceae. Carlquist 

(1993) listen ten distinctive wood features that unite 
Piperaceae with Lactoridaceae and Arisotlochiaceae. 
However, Piperaceae differ from Lactoridaceae mark-
edly in vascular structure of the node and petiole, 
sieve-element plastids, stomata, absence of perianth, 
orthotropous and mostly crassinucellate ovules, pres-
ence of the copious perisperm, and in the anatomy of 
the seed coat.

4. PEPEROMIACEAE

A.C. Smith 1981. 4/1000. Pantropical.
Peperomia, Verbuellia, Manekia, Piperanthera.
Usually included in the Piperaceae, but clearly dif-

fer in many respects, including estipulate leaves, dispo-
rangiate anthers, monocarpellate gynoecium, unitegmic 
ovules, Peperomia-type female gametophyte, cellular 
endosperm, and basic chromosome number. Probably 
both Piperaceae and Peperomiaceae had a common 
origin from a Saururus-type ancestor.

5. ARISTOLOCHIACEAE

A.L. de Jussieu 1789 (including Asaraceae Ventenat 
1799). 9/c 600. Widely distributed throughout tropical 
and temperate Eurasia, Africa, America, Australasia.

5.1 ASAROIDEAE
Herbs without twining habit and without uncinate hairs 
and lacking silicifi ed cells. Flowers not constricted 
between perianth and ovary. Calyx actinomorphic. 
Petals present, vestigial, or absent. Stamens in two 
cycles, free or united with style. Ovary semi-inferior or 
inferior. Fruits multifollicles (Saruma), or capsules 
(Asarum). Elaiosome extending along the raphe. Rich 
in lignoids. n = 6, 12, 13, 18, 20, 26. – sarumeae: 
Saruma, asareae: Asarum (including Hexastylis).

5.2 ARISTOLOCHIOIDEAE
Frequently twining woody or herbaceous plants, usu-
ally with uncinate hairs. Flowers constricted between 
perianth and ovary. Calyx mostly zygomorphic. Petals 
absent. Stamens mostly in one cycle, united with style. 
Ovary inferior. Fruits mostly dehiscent capsules. Rich 
in alkaloids based on benzyl isoquinoline. n = (4-)6-
7(8+). – bragantieae: Asiphonia, Thottea; aristo-
lochieae: Isotrema, Pararistolochia, Euglypha, 
Holostylis, Aristolochia.

Closely related to the Annonaceae (Wagner 1907; 
Wettstein 1924; Lang 1924; Thorne 1968, 1974, 1981, 
1992a, b; Dahlgren 1980; Takhtajan 1980, 1987; 
Rohweder and Endress 1983; Ding Hou 1984; John 
et al. 1992), which is supported by adaxial prophyll, 
3-merous fl owers, prolonged connective, embryology 
(Samuelson 1914; Johri and Bhatnagar 1955; Wyatt 
1955), ruminate endosperm, ultrastructure of sieve- 
element plastids (Behnke 1971, 1988), ethereal oils in 
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the parenchymatous tissues, chemistry (Hegnauer 1960) 
and also karyology. According to Morawetz (1985), 
chromosome size and condensing behavior and chro-
matin and interphase nucleus structure in Thottea are 
very similar to those of Annonaceae. Both the 
Aristolochiaceae and Annonaceae possess a consider-
able number of monocotyledonous features and most 
probably derived from a common ancestor that gave rise 
to the Liliopsida. However, according to Huber (1990, 
1993), they are nearer to the Myristicaceae although the 
relationship is not a particularly close one.
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Order 15. HYDNORALES

Terrestrial parasitic herbs living on the roots of various 
trees and shrubs. Vegetative body consists of two kinds 
of roots: the coarse rhizomelike pilot-roots, which tra-
verse the soil and appear to have a root cup, and endog-
enously emerging from the pilot-root small unbranched, 
slender, lateral haustorial roots of limited growth, which 
have a defi nite root cup. Vessels, when present, with 
simple perforations. Parenchymatous tissues of the 
pilot-root with scattered tanniniferous mucilage cells or 
sometimes lysigenous mucilage canals or cavities con-
taining catechin. Sieve-element plastids of So-type, i.e., 
devoid of any prominent contents, diffi cult to recog-
nize, and of different sizes. Leaves absent. Flowers 
solitary, arising endogenously from the pilot-roots, 
rather large, usually bisexual (functionally unisexual in 
Hydnora esculenta), actinomorphic, apetalous, mal-
odorous, cantharophilous. Sepals 3-4(5), thick and 
fl eshy, with a coarse, cracked, brown exterior, valvate, 
connate below. Stamens as many as sepals and opposite 
to sepals in Hydnora sessile; anthers forming a lobed 
ringlike synandrium on the calyx tube, the lobes oppo-
site the sepals. In Prosopanche the very short fi laments 
arising from the calyx tube and the anthers connate to 
form a dome or cap with a small central opening; 
anthers elongate, extrorse, opening longitudinally. 
Tapetum secretory. Microsporogenesis successive. 
Pollen grains 2-celled, 1-colpate (Hydnora) or 2–3-
colpate or trichotomocolpate (Prosopanche), with 
homogeneous ectexine, nearly psilate. Small, fl eshy 
staminodia present between androecium and gynoe-
cium and alternate with the stamens in Prosopanche. 
Gynoecium of 3(4-5) carpels; ovary inferior, unilocu-
lar, with numerous ovules embedded in much-branched 
placentas suspended from the top of the ovary (in 
Hydnora individual placentas are deeply intruded; in 
Prosopanche radially arranged placental lamellae fi ll 
the cavity of the ovary). Stigma is fl at with numerous 
ridges in parallel series. Ovules numerous (ca. 35,000 
in each ovary in Prosopanche americana), orthotro-
pous, unitegmic (single massive integument in Hydnora, 
but scarcely differentiated from the placenta and recog-
nizable only in the micropylar area in Prosopanche), 
tenuinucellate. Female gametophyte bisporic, Allium-
type (Prosopanche) or tetrasporic, Adoxa-type 
(Hydnora). Endosperm cellular. Fruits rather massive, 
with thick, leathery pericarp and fl eshy interior, edible 

(the placental tissues contain much starch), in 
Prosopanche bursting in circumscissile fashion when 
ripe. Seeds very numerous, minute, with extremely 
hard, exotestal seed coat and minute, undifferentiated 
embryo surrounded by copious endosperm with poly-
saccharide food reserves and single layer of perisperm.

Closely related to the Aristolochiaceae, especially 
to the Asaroideae, and have probably originated 
directly from their immediate ancestors. The affi nity 
with the Aristolochiaceae has been recently supported 
by molecular data (Nickrent et al. 2002).

1. HYDNORACEAE

C. Agardh 1821. 2/18. Drier parts of Africa, Reunion, 
Madagascar, and Saudi Arabia (Hydnora) as well as dry 
regions of Central and South America (Prosopanche).

Hydnora, Prosopanche.
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Superorder RAFFLESIANAE

Order 16. MITRASTEMONALES

Plants without chlorophyll, endoparasitic in the roots 
of other plants, often causing broomlike overgrowth of 
the host-root. Vegetative body much-dissected and 
largely fi lamentous, resembling a fungal mycelium, 
permeating the tissues of the root of the host, but not 
extending into the apical meristem. Leaves opposite, 
scale-like but sometimes fl eshy and leaf waxes hum-
mocky, the uppermost leaves tending to be somewhat 
cupped and accumulating nectar. Stomata absent. 
Flowers of medium size, terminal, solitary, bisexual, 
protandrous. Nectaries in the axils of the upper bracts. 
Perianth much reduced, collar-shaped, connate below 
to form a cup; the rim of the cap 4-lobed. Stamens con-
nate into a tube (androphore); the staminal tube, open 
at the top by a small hole, circumscissaly separated for 
the fl ower as it is pushed up by the glowing gynoe-
cium. The apical portion of the staminal tube is sterile. 
Anthers numerous, extrorse, sessile in several series of 
rings shortly below the stamen tube summit, 2-locular, 
opening longitudinally. Tapetum secretory. Micro-
sporogenesis simultaneous. Pollen grains 2-celled, 

3(4)-porate, ectexine reduced to tuberculae. Gynoecium 
with 9–15 intrusive parietal placentae; style short, 
stout, the stigma thick, depressed-conical. Ovary supe-
rior, 1-locular. Ovules numerous, anatropous, uniteg-
mic (but integument with two cells layers), 
tenuinucellate, with a funicular obturator. Female 
gametophyte of Polygonum-type. Endosperm cellular. 
Fruits baccate or capsular and tardily opening by a 
horizontal slit. Seeds very numerous, minute; exotestal 
cells with U thickening; embryo undifferentiated, 
4-celled, surrounded by endosperm; n = 20.

Usually including in the Raffl esiales, but differ 
from them in many respects, especially in superior 
ovary and cellular endosperm.

1. MITRASTEMONACEAE

Makino 1911. 1/2. Eastern Asia and Southeast Asia, 
Malesia, and America from Mexico to Guatemala and 
northwestern Colombia.

Mitrastemon.
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Order 17. RAFFLESIALES (CYTINALES)

Parasitic herbs, often fl eshy, living on the roots and 
less often the stems of various trees and shrubs. 
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External roots and rhizomelike structures absent. 
The vegetative body is much branched, and the 
myceliumlike endophytic system is inside the tis-
sues of the host. A very reduced, vestigial vascular 
system exists only in the fairly massive haustorial 
system and in the fl ower-bearing axis. The conduct-
ing elements are short, broad, spirally thickened tra-
cheids, but the older elements are mostly devoid of 
transverse walls. So-plastids diffi cult to recognize 
and of varying sizes. Reduced scalelike leaves pres-
ent on the emergent fl owering shoot or around the 
base of the solitary fl ower, usually verticillate, 
sometimes opposite or even alternate. Stomata occur 
very rarely and are abnormal, mostly absent. Flowers 
from very small (Apodanthaceae) to very large or 
even gigantic (Raffl esiaceae), solitary and sessile or 
less frequently in short racemes or spikes, bisexual 
or more often unisexual (monoecious or dioecious), 
apetalous, actinomorphic, often malodorous. Sepals 
4–5, sometimes up to 10 or more, in 1 or 2 whorls, 
free or more often connate below, sometimes peta-
loid. Stamens fi ve to many (up to 100), connate by 
their fi laments into a tube surrounding the stylar 
column, or more often adnate to the column, from 
which the anthers originate in one to several cycles; 
anthers unilocular or bilocular, tetrasporangiate, 
opening longitudinally or by transverse slits or by 
apical pore. Tapetum secretory. Microsporogenesis 
simultaneous. Pollen grains 2-celled, monocolpate, 
3-colpate, or 1-polyporate or inaperturate; ectexine 
from homogeneous to columellate. Nectary some-
times present, adnate to the base of the style and 
base of the staminal column. Gynoecium of 4-10(-
14) carpels; ovary inferior or semi-inferior, 1-locu-
lar with more or less intruded parietal placentas or 
irregularly multilocular with the ovules covering the 
surfaces of the placental partitions; stigma on a short 
style or sessile, distally expanded into an often large 
disc, capitate or multilobed, more or less papillose. 
Ovules very numerous, hemianatropous to anatro-
pous or orthotropous (Cytinaceae), mostly bitegmic, 
usually with reduced short outer integument, tenui-
nucellate. Female gametophyte of Polygonum-type. 
Endosperm nuclear. Fruits usually more or less 
berry-like, indehiscent, dehiscent by horizontal slit, 
or irregularly dehiscent. Seeds very numerous, tiny, 
with an undifferentiated embryo surrounded by 
1(-3)-layered endosperm; seed-coat hard, of a single 
layer. Perisperm absent.

Related to the Aristolochiaceae. The relationship 
with the Aristolochiaceae has been accepted by Robert 
Brown (1821), Solms-Laubach (1901), Hallier (1905b, 
1908, 1912), Endress (1988, 1994), Bouman and 
Meijer (1994), and many others. According to Hallier, 
the family Raffl esiaceae is closest to the section 
Heterotropa of the genus Asarum and originated from 
the Aristolochiaceae as a result of parasitic reduction.

Key to Families
1 Ovules orthotropous. Flowers of medium size, in 

clusters or spike-like infl orescences, unisexual 
(monoecious or dioecious). Stems stout with bract-
like leaves. Flowers with bracts and bracteoles, with 
more or less horseshoe-shaped nectary glands 
(Cytinus), Stamens 8–10, with united fi laments, 
often with appendages above the anthers. Anthers 
2-locular. Pollen grains free or in tetrads, 2–4-porate 
or 1–5-colpate, rugate or polyporate. Nectary disc 
present (Cytinus). Ovary inferior, with 6–8 parietal 
placentas. Style 1 with punctuate-radiate stigma or 
stigma disk-like (Bdallophyton) Ovules unitegmic, 
but with reduced outer integument (Tereckin 1988), 
micropyle endostomal. Contain pelargonidin 
3-galactoside and petunidin 3-glucoside (Hegnauer 
1997), n = 16.  . . . . . . . . . . . . . . . . . 3. cytinaceae

1 Ovules hemianatropous to anatropous.
2 Pollen grains triporate. Ovules bitegmic, anatro-

pous, covering the whole of inner wall of the 
ovary or on 4–5 wide placentas. Endoparasitic, 
achlorophyllous, monoecious or dioecious herbs; 
their vegetative endophyte, often compared to a 
fungal mycelium, residents in the host; Apodanthes 
is known to parasitize Flacourtiaceae Pilostyles 
and Berlinianche para sitize a wide range of 
Fabaceae. Flowers small, not more than 4–5 mm 
in diameter, unisexual. Staminal structures later-
ally on apex of the central column. Stamens ca. 
15, in 2–4 cycles. Anthers 1-locular, extrorse, 
opening by transverse slits. Pollen grains 3-col-
pate. Nectary disc present. Female fl owers cone-
like and broader than the male ones, with annular 
stigma below the apex of the column. Gynoecium 
of 4–5 united carpels; carpels opposite inner pet-
als; Stigma hemispherical without separate stig-
matic lobes and is almost completely  covered 
with elongate unicellular papillae, each with a 
rounded apex, which are heavily secretory 
(Berlinianche – Blarer, Nickrent, and Endress 
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2004). Ovary inferior or semi-inferior, 1-locular, 
placentation parietal; ovules many, anatropous, 
micropyle bistomal or none. Fruits baccate, testa 
thin-walled, exotegmen massively lignifi ed; 
endosperm present, embryo undifferentiated; 
n = 16, 30–31 + (Pilostyles). 1. apodanthaceae

2 Pollen grains unisulcate or uniporate. Flowers 
very large, solitary or in infl orescences, uni-
sexual or (Rhizanthes) bisexual. Staminal struc-
tures under the rim of the expanded apex of the 
central column. Stamens in one cycle. Anthers 
with two to many locules. Pollen grains 1-porate 
or with reduced short colpi. Raffl esia and 
Sapria have no nectarines, but Rhizanthes has a 
nectary on the distal part of the perianth organs 
(Bänziger and Hansen 2000). Female fl owers 
with stigma on or under the rim of apical disc. 
Ovary  inferior. Ovules basically anatropous, 
unitegmic. Seeds with basal chalazal append-
age. n = 11, 12.. . . . . . . . . . 2. rafflesiaceae

1. APODANTHACEAE

Tieghem ex Takhtajan 1987. 3/23–30. America from 
southern California and southeastern USA to the Straits 
of Magellan, East Africa, western Asia (Asia Minor, 
Iraq, Iran), southwestern Australia.

Apodanthes, Pilostyles, Berlinianche.
Related to the Raffl esiaceae, but differ in pollen 

grains and bitegmic ovules.

2. RAFFLESIACEAE

Dumortier 1829. 3/18–20. Southern China, Assam, 
Bhutan, Thailand, and Indochina (Sapria himalayana) 
and Malesia.

Raffl esia, Sapria, Rhizanthes.

3. CYTINACEAE

A. Richard 1824. 2/8. South Africa, Madagascar, 
Mediterranean, Asia Minor, and western Caucasus 
(Cytinus), Central America (Bdallophytori).

Bdallophyton. Cytinus
Related to the Raffl esiaceae, but differ in orthotro-

pous ovules.
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Mostly herbaceous plants. Parenchymatous tissues 
usually without ethereal cells. Stomata mostly anomo-
cytic. Vessels usually with simple perforations. Sieve-
element plastids of S-type. Flowers actinomorphic or 
zygomorphic, bisexual or less often unisexual, spiro-
cyclic or more often cyclic. Tapetum secretory, rarely 
amoeboid (Kingdonia and some species of Mahonia 
and Berberis). Microsporogenesis simultaneous or 
rarely successive (some species of Mahonia). Pollen 
grains 2-celled or 3-celled, 3-colpate or of derived 
types. Gynoecium apocarpous, syncarpous, or paracar-
pous. Ovules mostly anatropous, bitegmic or  sometimes 
unitegmic, crassinucellate or seldom tenuinucellate. 
Female gametophyte commonly of Polygonum-type. 
Endosperm cellular or more often nuclear. Fruits of 
various types. Seeds with small embryo and copious 
endosperm or less often with large embryo and little or 
no endosperm. Commonly producing diverse kinds of 
isoquinoline alkaloids, but without ellagic acid and 
 iridoid compounds.

Most probably derived from some archaic 
Magnoliidae.
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Superorder PROTEANAE

Order 18. PLATANALES

Large, monoecious, deciduous trees, often with mottled 
bark falling off in large fl akes; hairs candelabriform. 
Vessels with scalariform and simple perforations; ves-
sels without vestured pits. Axial parenchyma apotra-
cheal, diffuse or in uniseriate bands. Rays homogeneous. 
Sieve-element plastids of S-type. Nodes multilacu-
nar (7). Leaves alternate, medium-sized to large, pal-
mately veined and lobed or seldom (Platanus kerrii) 
pinnately veined and entire. Leaves without a persistent 
basal meristem (Watson and Dallwitz 2006). The peti-
ole usually mitriform at the base and enclosing the axil-
lary bud or seldom (P. kerrii) buds free, teeth glandular, 
with a cavity. Candlabriform trichomes with whorls of 
arms cover the abaxial surface of leaves (Carpenter 
et al. 2005). Stipules concrescent (around the stem), 
ochreate, scaly, caducous. Stomata anomocytic, latero-
cytic or paracytic. Infl orescences monoecious, long 
pedunculate, pendulous, of 1 or more globular heads of 
numerous fl owers, each head subtended by a circular 
bract, smaller bracts interspersed among the fl owers. 
Individual fl owers small, inconspicuous, basically 
4-merous; sepals 3-4(-7) free or basally connate, not 
vascularized; corolla in male fl owers 3-4(-7), tiny or 
vestigial. Stamens as many as and opposite the sepals; 
fi laments very short. Anthers basifi xed or adnate, 
latrorse, 2-locular, tetrasporangiate, with a connective 
enlarged at the apex into a peltate appendage. 
Microsporogenesis simultaneous. Tapetum secretory. 
Pollen grains 2-celled, 3-colpate or 6-rugate. Male fl ow-
ers sometimes with vestigial carpels. Female fl owers 
with 3–4 staminodia, or without staminodes. Gynoecium 
apocarpous, of 5–8 or less often 3–4 or 9 carpels in 2–3 
cycles; stylodia long, linear, with decurrent stigma; car-
pels are not completely sealed distally. Ovules orthotro-
pous or slightly hemitropous, usually solitary, rarely 
two, pendulous, bitegmic, crassinucellate. Placentation 
apical to marginal. Endosperm nuclear. Fruits of 
achenes, rarely of almost follicles, with tuft of basal 
hairs. Seeds small, with thin testa and tegmen com-
pletely disappearing in the ripe seed; embryo straight, 
rather large; endosperm scanty. Contain cyanogenic 
(cynogenic constituents tyrosine-derived), proanthocy-
anidins (cyanidin and delphinidin), fl avonols (kaemp-
ferol, quercetin, and myricetin), n = 7, 8, 16–21.

1. PLATANACEAE

T.G. Lestiboudois 1826. 1/10. From the Balkan 
Peninsula to western Himalayas, Indochina, and 
America from Canada to Mexico.

Platanus.
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Order 19. PROTEALES

Trees or more often shrubs, or often lignotuberous sub-
shrubs, sometimes geofl orous, very rarely (in Stirlingia) 
almost herbaceous, glabrous or more often provided 
with characteristic uniseriate and 3-celled trichomes, 
mostly more or less xeromorphic. Lateral roots of lim-
ited growth, forming clusters, proteoid roots (Persoonia 
lacks proteoid roots), rarely mycorrhizal. Vessels 
nearly always with simple perforations, but some rare 
with simple and scalariform plates with few bars some-
times occur, usually with small bordered pits. Rays 
nearly or quite homogeneous. Axial parenchyma 
scanty paratracheal, most commonly as narrow bands, 
occasionally with most of the bands independent of the 
vessels (apotracheal). Sieve-element plastids com-
monly of S-type. Nodes mostly trilacunar with three 
traces, very rarely (Panopsis) pentalacunar. Leaves 
evergreen, small to very large, alternate or sometimes 
opposite or verticillate, simple and entire to variously 
divided, less often compound, mostly very coriaceous, 
leathery or fl eshy, or modifi ed into spines; petiolate to 
sessile, often aromatic, estipulate. Leaves without a 
persistent basal meristem (Watson and Dallwitz 2000). 
Stomata paracytic or rarely (in Bellendena) laterocytic. 
Flowers solitary or paired (seldom several) in the axils 
of bracts (which sometimes absent), arranged in 
racemes, umbels, or conelike infl orescences, often in 
involucrate heads, or the primary infl orescences often 
reduced to a pair of fl owers arranged into secondary 
racemes, bisexual or rarely unisexual (monoecious or 
more often dioecious),  actinomorphic or zygomorphic, 
mainly 4-merous, protandrous, pollinated by various 
animals including small marsupials. Perianth with dis-
tinct calyx and corolla (there sometimes being ‘glands’ 
or ‘scales’, perhaps representing petals, internal to and 
alternating with the conspicuous tepals), or sepaline 
(the conspicuous perianth component seemingly repre-
senting the calyx, though ‘petaloid’). Sepals 4, valvate, 
usually petaloid, free or more or less connate below 

into a calyx tube sometimes cleft on one side, or three 
sepals connate and one free. Intrastaminal annular or 
horseshoe-shaped nectary disc represented by (2-)4 
free or variously connate nonvasculated alternisepal-
ous scales or glands, sometimes considered vestigial 
petals (Haber 1960, 1961, 1966) although there are 
more probably enations (Venkata Rao 1967a). Stamens 4, 
rarely (Grevillea, Petrophile) 3–4, antesepalous, usu-
ally with broad fi laments adnate to sepals in varying 
lengths (in Conospermum, Synaphea) or rarely 
(Bellendena) free from the calyx; fi laments all equal or 
markedly unequal; anthers tetrasporangiate or rarely 
(Conospermum and Synaphea) bisporangiate, erect, 
basifi xed, usually introrse, rarely latrorse, opening lon-
gitudinally, appendaged (connective often distally pro-
longed), or unappendaged. Staminodes when present 
(in Petrophile 1), in the same series as the fertile sta-
mens. Tapeturn secretory. Microsporogenesis simulta-
neous. Pollen grains 2-celled, (2)3(-8)-porate or 
sometimes (Beauprea) 3-colpoidate, more or less 
 triangular in polar view, pores broadly operculate, 
arranged according to Garside’s Rule – three pores at 
four points in the tetrad. Gynoecium of 1 conduplicate 
and often stipitate carpel sealed to a varying degree (in 
Grevilleoideae mostly open up to the summit of ovary), 
sometimes carpels 2; the carpel is slightly defl ected 
abaxially, as in Didymeles; stylodium elongate, thick-
ened distally, with terminal or lateral dry stigma, often 
modifi ed into a “pollen-presenter” serving in pollen-
presentation. Ovary superior, sessile to stipitate. Ovules 
one or two or less often several to more or less 
 numerous, from anatropous to othrotropous, but mostly 
orthotropous, bitegmic, crassinucellate; placentation 
mostly marginal, or apical. Female gametophyte of 
Polygonum-type. Endosperm nuclear. Endosperm 
haustoria chalazal. Fruits tardily dehiscent or indehis-
cena, follicles, achenes, or drupes, often 1-seeded. 
Seeds endotestal-tegmen, sometimes with specialized 
exotesta (Vyshenskaya 2000), small to large 
(Macadamia), commonly winged in follicles, with 
internally fi brillar endotestal cells and fi brous tegmen; 
exotestal cells thick-walled, crystalliferous, embryo 
straight, oily, achlorophyllous, with 2 or very rarely 
(Persoonia) 3–9 cotyledons; endosperm wanting 
(except Bellendena). Contain cyanogenic glycosides, 
proanthocyanidins, (delphinidin or cyanidin and 
 delphinidin), fl avonols (kaempferol, quercetin and 
myricetin), arbutin, sometimes saponins n = 5 
(Bellendena), 7 (Persoonioideae), 10–14; the usually 
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large (7–17 μm) chromosomes of the Persoonieae are 
comparable in size with the largest known in plants 
(Johnson and Briggs 1975).

Proteaceae are related to both Platanaceae and 
Nelumbonaceae which is well supported by molecular 
data. According to Soltis et al. (2006), “Although the 
composition of Proteales has to be one of the major 
surprises of molecular phylogenetics given the diverse 
habits and morphologies of its members, analyses of 
coimbined DNA datasets provide strong support for 
this clade”. They put into one order Proteales these 
families. But in my opinion, taxonomically they will 
be more reasonable the consider them as three separate 
orders of superorder Proteanae.

1. PROTEACEAE

A. L. de Jussieu 1789 (including Lepidocarpaceae 
Schultz-Schultzenstein 1832). 80/1700. Tropical and 
South Africa, Madagascar, trop. Asia, Malesia, 
Australia, Tasmania, Vanuatu, New Zealand, Fiji, 
Central and South America southward to Chile. The 
centre of diversity are Australia and southern Africa.

1.1 BELLENDENOIDEAE
Shrubs; cluster roots present. Leaves simple, lobed or 
entire. Stomata brachyparacytic. Flowers actinomor-
phic. Pollen grains triporate. Carpel shortly stipitate. 
Stylodium not a pollen-presenter. Ovules two, ortho-
tropous. Fruits thin, indehiscent, surrounded by a very 
narrow wing, emdosperm slight, n = 5. – Bellendena.

1.2 PERSOONIOIDEAE
Shrubs or small trees. Cluster roots absent. Leaves 
simple. Flowers solitary in axils, actinomorphic or 
zygomorphic. Stylodium not a pollen-presenter. 
Ovules 1–2 or many, orthotropous. Fruits drupes or 
follicles (Placospermum). Seed winged (Placo-
spermum) or wingless. Chromosomes very large, 
n = 7. – PLACOSPERMEAE: Placospermum; per-
soonieae: Acidonia, Toronia, Garnieria, Persoonia.

1.3 SYMPHIONEMATOIDEAE
Plants bisexual. Cluster roots absent. Leaves alternate. 
Flowers sessile. Carpel sessile to very shortly stipitate. 
Fruits dry, indehiscent, 1-seeded, n = 10, 13. – 
Agastachys, Symphionema.

1.3 EIDOTHEOIDEAE
Leaves simple. Flowers actinomorphic, andromonoe-
cious, solitary in each bract axil. Stylodium not a 
pollen- presenter. Ovule 1, orthotropous, pendulous, 
longitudinally ribbed. Fruits achenes. – Eidothea.

1.4 PROTEOIDEAE
Mostly sclerophyllous shrubs. Leaves simple, entire, 
toothed or variously divided. Flowers solitary in axils, 
sessile, actinomorphic or zygomorphic. Pollen-
presenter present or absent. Ovules orthotropous. 
Fruits dry, indehiscent, achenes, rarely drupes. 
Chromosomes small at 4-x and higher levels, 
n = (10)11-13(14). – conospermeae: Cenarrhenes, 
Beauprea, Beaupreopsis, Dilobeia, Stirlingia, Petrophile, 
Isopogon, Conospermum, Synaphea; franklandieae: 
Franklandia, Adenanthos; PETROPHILEAE: Petrophile, 
Aulax; proteeae: Faurea, Sorocephalus, Orothamnus, 
Spatalla, Diastella, Paranomus, Protea, Vexatorella, 
Leucospermum, Mimetes, Serruria, Leucodendron.

1.5 SPHALMIOIDEAE
Leaves simple or pinnate on sapling and coppice 
growth. Flowers solitary in axils of bracts, arranged in 
racemose infl orescences, andromonoecious, actino-
morphic. Stylodium not a pollen-presenter. Ovules 
two. Fruits follicles. Seeds longitudinal, winged. 
Chromosomes small; n = 12. – Sphalmium.

1.6 CARNARVONIOIDEAE
Leaves partly digitate, partly pinnately divided. 
Flowers loosely grouped but not paired, bisexual, acti-
nomorphic. Stylodium not a pollen presenter. Ovules 
two, orthotropous. Fruits follicles. Seeds winged at 
one end. Chromosomes small; n = 14. – Carnarvonia.

1.7 GREVILLEOIDEAE
Flowers paired, actinomorphic or more often zygo-
morphic. Stylodia are usually pollen presenters. Ovules 
two to many, anatropous, hemitropous,  orthotropous. 
Fruits usually follicles or less often  inde hiscent. Seeds 
winged or wingless, fl attened. Chromosomes small to 
medium-sized, n = (10-) 14(15). – oriteae: Orites, 
Neorites, Megahertzia; KNIGHTIEAE: Darlingia, 
Eucarpha, Knightia, Cardwellia; embothrieae: 
Stranges, Stenocarpus, Buckinghamia, Opisthiolepis, 
Lomatia, Alloxylon, Telopea, Embothrium, Oreocallis; 
helicieae: Hollandaea, Helicia, Xylomelum, Triunia; 
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 macadamieae: Euplassa, Sleumerodendron, Turrillia, 
Gevuina, Malagasia, Heliciopsis, Hicksbeachia, 
Virotia, Athertonia, Catalepidia, Floydia, Macadamia, 
Barbejum, Panopsis, Lambertia, Roupala, Kermadecia; 
grevilleeae: Grevillea, Hakea, Finschia;  banksieae: 
Musgravea, Austromuellera, Banksia, Dryandra.
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Order 20. NELUMBONALES

Large acaulescent aquatic perennial herbs developing 
thick, creeping rhizomes with distinct nodes and fl eshy 
elongate internodes; the internodes near the growing tip 
form fl eshy, banana-like storage tubers. The rhizome 
bears scaly leaves (cataphylls) and foliage leaves; after 
each long internode comes a triad of phyllomes – a scale 
leaf on the lower side of the rhizome and another one on 
its upper side, immediately followed by a normal foliage 
leaf; from the axil of the second scale leaf arises the 
fl ower, and from that of the foliage leaf develops a new 
branch. Roots adventitious, produced at nodes. Laticifers 
in form of thin-walled, much elongated cells occur in 
ground tissue and, more prominently, in the vascular 
bundles. Sclerenchymatous sclereids lacking. In the 
parenchyma of the leaves and the rhizome, especially 
lining the walls of the aerenchymatic caverns present 
druses containing calcium oxalate crystals. Vessels 
occur both in the roots and in rhizomes, very primitive 
(elongate vessel-elements with very oblique end walls 
and perforations scalariform with numerous bars). Sieve-
elements with transverse end walls with simple sieve 
plates. Sieve-element plastids of S-type with relatively 
large starch grains of highly different sizes. Leaves long-
petiolate, with 2-keeled petiole and distally free ochreate 
base; laminas large, orbicular, concave, centrally peltate, 
some fl oating, others raised well above the water sur-
face; some submersed, more or less lanceolate, parallel-
veined leaves are also present. Stomata anomocytic. 
Flowers large, solitary, axillary, elevated above the water 
on long terete peduncles, actinomorphic, spirocyclic, 
bisexual, entomophilous. Sepals 2–5, often 4 in 2 decus-
sate pairs, greenish, caducous. Petals numerous, usually 
20–30, not very clearly differentiated from the sepals, 
free, spirally arranged. The 5–8 outer petals are 
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 transitional and smaller than the more numerous inner 
true petals; inner petals have a papillose epidermis, but 
this epidermis is not glandular, and only inner petals are 
scented (Vogel and Hadacek 2004). Stamens numerous 
(100–200, sometimes up to 400), spirally arranged, with 
slender, elongate fi laments; anthers elongate, tetraspo-
rangiate, with narrowly laminar connective that is con-
spicuously prolonged beyond the anther into a slender 
incurved appendage; the bodies of appendage are cov-
ered throughoput with a glandulae epithelium; anthers 
of the outer stamens extrorse; those of the inner ones 
latrorse or introrse, opening longitudinally. Tapetum 
secretory. Microsporogenesis simultaneous. Pollen 
grains 3-celled, often 3-colpate (sometimes or other 
times, but never with distal apertura – Kreunen and 
Osborn 1999; Borsch and Wilde 2000; Pozhedaev 2005, 
personal communication), and only very rarely with 1 
distal aperture. It is most interesting that in some tetrads 
one can see different types of distal apertures including 
the circular apertures of Nymphaeaceae-type (Titova 
and Vasilyeva 2000: Pl.28, Fig. 44). Gynoecium apocar-
pous, of (2-)8–30(-40) carpels in 2–4 more or less dis-
tinct whorls, immersed separately in the broad truncate 
top of the enlarged turbinate, spongy receptacle; stigma 
sessile, papillate, circular rim, with a small depression in 
the center that leads into an ovarian canal occluded with 
interlocking papillae and serving as passage for the 
 pollen tube. Ovules solitary or rarely two, very large, 
dorsally pendulous, anatropous, bitegmic (integuments 
slightly lobed), crassinucellate, strongly vascularized, 
with an obturator of funicular origin, nucellar cap, and 
hypostase. Female gametophyte of Polygonum-type. 
Endosperm cellular (Davis 1966; Batygina 1981; nuclear 
according to Khanna 1965 and Johri et al. 1992; helobial 
according to Yan 1986), with multinucleate cells in the 
chalazal part, which probably perform haustorial func-
tion. Fruits hard-walled achenes immersed in the dry, 
accrescent receptacle, each with a small respiratory pore 
(remnant of the ovarian canal) near the stigma. Seeds 
large, ovoid, exarillate, with thin seed coat consisting 
of pressed remnants of both integuments. Very large 
embryo, inconspicuous vestigial endosperm represented 
by thin fi lm in the chalazal part and around the tips of 
cotyledons and plumule, and without perisperm; cotyle-
dons large, fl eshy, connate by their margins for most of 
their length, forming a thick cup-shaped structure sur-
rounding the well-developed green plumule of three or 
four dark green young leaves; radicle abortive. Producing 
benzyl isoquinoline and aporphine alkaloids, n = 8.

“Nelumbonaceae are sister to the strongly sup-
ported (93%) clade of Platanaceae and Proteaceae” 
(Soltis et al. 2006), but Burthlott et al. (1996) noted 
that the cuticule waxes of Platanaceae and Nelum-
bonaceae were very different.

1. NELUMBONACEAE

Berchtold et J. Presl 1820. 1/2. Eastern Asia, Southeast 
Asia, and southern Asia, through Malesia to north-
eastern Australia, and America from eastern North 
America south through Mexico and the Greater Antilles 
to Colombia.

Nelumbo.
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Superorder RANUNCULANAE

Order 21. EUPTELEALES

Deciduous trees. Secretory cells scattered in petioles 
and in pith of the stem. Vessel elements with oblique, 
scalariform, reticulate, and reticulate-scalariform per-
foration plates that have 20–90 bars; lateral pitting 
from opposite to intermediate, rarely alternate or sca-
lariform. Fibers with small, mostly bordered pits. Rays 
heterogeneous. Axial parenchyma diffuse or in short, 
tangential aggregates. Multiseriate phloem rays 
strongly sclerifi ed. Sieve-element plastids of S-type 
with about ten globular starch grains. Nodes unilacu-
nar, with 5–11 traces. Leaves alternate, subplicate-
conduplicate, simple, margins gland-toothed, with 
pinnate venation, without stipules. Stomata anomo-
cytic. Flowers in axillary racemes appearing before 

leaves and composed of 6–12 fl owers borne in axils of 
bracts around growing point (the main axis of the 
raceme transforms into a vegetative shoot after pro-
duction of fruits), long pedicillate, bisexual or 
 sometimes some of them male, without perianth, 
disymmetric, curved downward at anthesis, anemo-
philous or partly entomophilous. Stamens commonly 
6–19 in a single cycle on an expanded fl attened recep-
tacle; fi laments short, fi liform or slightly expanded. 
Anthers elongate, red, tetrasporangiate, basifi xed, 
latrorse, with a prolonged connective, opening by lon-
gitudinal slits, and very short horizontal extensions of 
the dehiscence line, mainly at its lower end, which 
results in two narrow valves on each theca. Tapetum 
secretory. Microsporogenesis simultaneous. Pollen 
grains 2-celled, 3-colpate or 5–7-colpate, tectate- 
columellate, with minute tectal perforations, fi nely 
reticulate and apertural exine is coarsely structured. 
Gynoecium apocarpous, cyclic, of 6–18 (up to 31) free 
carpels. Carpels small, long-stipitate, oblique, condu-
plicate, incompletely sealed, with sessile, decurrent 
stigma papillate by long unicellular papillae, becom-
ing deformed by asymmetric growth after anthesis, 
with 1-2(-4) submarginal ovules. Ovules anatropous, 
apotropous, bitegmic, crassinucellate, outer integu-
ment 4–5 cells across; micropyle exo-endotegmic. 
Female gametophyte of Polygonum-type. Endosperm 
cellular. Fruits of small, long, stipitate, and winged 
achenes with a papery pericarp. Seeds fl at, with large, 
tanniniferous epidermal cells; seed coat formed mainly 
by the outer integument, exotestal cells enlarged 
( sclerotic mesotesta), endotesta lignifi ed subpalisade. 
Embryo minute, but differentiated; endosperm copi-
ous, oily, and proteinaceous. Producing quercetin and 
kaempferol, but not myricetin. n = 14.

Very archaic order with such pleisiomorphic char-
acters as vessels with scalariform perforation with 
numerous bars, heterogeneous rays, parenchyma dif-
fuse, in short, tangential aggregates, very primitive, 
long-stipitate, incompletely seales carpels, sessile, 
decurrent stigma, minute embryo, and abundent 
endosperm.

1. EUPTELEACEAE

K. Wilhelm 1910. 1/2. Eastern Himalayas, northeast-
ern India, southwestern and central China, Japan.

Euptelea.



78 Subclass II. RANUNCULIDAE

Bibliography

Endress PK. 1969. Gesichtspunkte zur systematischen Stellung 
der Eupteleaceen (Magnoliales). Bot. Schweiz. Bot. Ges. 79: 
229–278.

Endress PK. 1993. Eupteleaceae. In: K Kubitzki, ed. The fami-
lies and genera of vascular plants, vol. 2, pp. 299–300. 
Springer, Berlin/Heidelberg/New York.

Leinfellner W. 1969. Über die Karpelle verschiedener 
Magnoliales: VII. Euptelea (Eupteleaceae). Oesterr. Bot. Z. 
116: 159–166.

Li H-F and Y Ren. 2005. The variation of perforation plates of 
vessels in the secondary xylem of Euptelea pleiosperma 
(Eupteleaceae). Acta Phytotax. Sinica 43: 1–11 (in Chinese 
with English summary).

Nast CG and IW Bailey 1946. Morphology of Euptelea and 
comparison with Trochodendron. J. Arnold Arbor. 27: 
186–192.

Pan K-Y, A-M Lu, and J Wen. 1991. Chromosome number and 
development of gametophytes in Euptelea pleiospermum 
(Eupteleaceae). Acta Phytotax. Sinica 29: 439–444.

Smith AC. 1946. A taxonomic review of Euptelea. J. Arnold 
Arbor. 27: 175–185.

Wang FH, NF Chien, and YL Zhang. 1984. A study on the  pollen 
morphology in Trochodendron, Tetracentron, and Euptelea. 
Acta Phytotax. Sinica 22: 456–460 (in Chinese).

Order 22. LARDIZABALALES

Twining woody lianas or sometimes (Decaisnea) erect 
arborescent shrubs, glabrous or with uniseriate hairs. 
Wood with broad primary medullary rays. Vessels usu-
ally with simple perforations or seldom (Decaisnea) 
with scalariform perforations with few bars. Fibers with 
bordered or seldom (Holboellia) simple pits. Axial 
parenchyma sparse or none. Nodes trilacunar. Leaves 
alternate, palmately or (Decaisnea) pinnately com-
pound, or trifoliolate, usually without stipules. Petiolules 
usually swollen at the base. Stomata anomocytic, or 
(Parvatia) encyclocytic, or (Sinofranchetia) actinocytic. 
Hairs simple. Flowers in racemes arising from perulate 
buds, unisexual (monoecious or dioecious) or rarely 
polygamous, actinomorphic, 3-merous, cyclic or spi-
rocyclic. Sepals six to many, rarely (Akebia) only three, 
petaloid. Petals six, in two cycles. Stamens six, oppo-
site the petals, with a broad connective prolonged into 
a terminal appendage; fi laments more or less connate 
or free; anthers tetrasporangiate, extrorse, opening lon-
gitudinally. Pollen grains 2-celled, 3-colpate, with 
foveolate to reticulate ornamentation. Gynoecium of 
numerous free carpels arranged spirally or in cycles; 

carpels with a terminal, often oblique, usually sessile 
or subsessile, nonpapillate stigma, sometimes (Akebia) 
conduplicate and unsealed, with numerous or seldom 
few, laminar or laminal-lateral ovules, rarely 
(Sargentodoxa) with solitary, pendulous, subapical 
ovule. Ovules anatropous to hemitropous, bitegmic, 
crassinucellate, micropyle endostomal. Female game-
tophyte of Polygonum-type. Endosperm cellular. Fruits 
fl eshy follicles or berries. Seeds exotestal, with small 
or minute embryo; endosperm copious, starchy or with 
hemicellulose. Plant Aluminum-accumulators, n = 11, 
14–16, ?17, 18.

Lardizabalales are evidently the most archaic 
 member of the ranunculids. In many respects, espe-
cially in their cellular endosperm, the Lardizabalaceae 
differ from the typical Ranunculales and show rather 
close relationships with some magnoliids.

1. LARDIZABALACEAE

R. Brown 1821 (including Decaisneaceae Loconte 1995, 
Sargentodoxaceae Stapf 1926, Sinofranchetiaceae Doweld 
2000). 10/38. From western Himalayas to Japan, Korean 
peninsula, continental China, Hainan, Taiwan, and North 
Vietnam and occurs disjunctively in Chile between the 
Andes and the Pacifi c (Lardizabala, Boquila).

1.1 DECAISNEOIDEAE
Flowers polygamo-monoecious. Stem erect. Leaves 
imparipinnate with several pairs of opposite leafl ets. 
Vessels with scalariform perforations. – Decaisnea.

1.2 LARDIZABALOIDEAE
Flowers unisexual. Stems climbing. Leaves digitate, 
pinnately 3-foliate or 2- to 3-ternate. Vessels almost 
always with simple perforations. –  sinofranchetieae: 
Sinofranchetia; stauntonieae: Akebia, Archakebia, 
Holboellia, Stauntonia, Parvatia; lardizabaleae: 
Boquila, Lardizabala.

1.3 SARGENTODOXOIDEAE
1. Flowers spirocyclic, unisexual, dioecious. Woody 
lianas. Vessels with simple perforation. Leaves trifoli-
olate. Sepals six, imbricate. Petals very small and 
scalelike, green, nectariferous. Carpels ca. 100, spi-
rally arranged on an enlarged receptacle; ovules soli-
tary, pendulous, subapical. Fruits of numerous stipitate 
berries. n = 11. – Sargentodoxa.
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Order 23. MENISPERMALES

Twining or rarely erect shrubs or small trees. Secretory 
sacs with various sorts of contents often occur in the 
leaves and stems. Stems mostly with anomalous sec-
ondary thickening. Vessels with simple perforations; 
lateral pitting alternate. Fibers with numerous, dis-
tinctly bordered pits. Rays interfascicular only, very 
wide and usually extremely high. Axial parenchyma 
apotracheal, diffuse or in short bands. Nodes trilacunar. 
Leaves alternate, simple or rarely trifoliolate, entire or 
sometimes deeply 3–5-lobed, often palmati-veined. 
Stomata of various types. Flowers small, unisexual, 
always dioecious, actinomorphic or rarely slightly 
zygomorphic. Sepals 3–12 or more, in cycles of 3, 
rarely 1, free or slightly connate, imbricate or valvate. 
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Petals mostly 6 in 2 cycles but sometimes more or 
fewer or even lacking, free or sometimes more or less 
connate, usually smaller than the sepals, usually imbri-
cate. Stamens 3, 6, 12 or more (in Hypserpa up to 40), 
rarely 2 or even 1, free or more or less connate; connec-
tive rarely prolonged; anthers tetrasporangiate or some-
times disporangiate, introrse or extrorse, opening 
longitudinally or rarely by transverse slits. Pollen 
grains 2-celled, mostly 3-colpate or of various derived 
types. Staminodia present or absent. Gynoecium of 
(1)3(6-40) free carpels in one or more cycles, often 
borne on a gynophore; stigma sessile or on a very short 
stylodium. Ovules in each carpel 2 (1 soon aborting), 
pendulous, hemianatropous at anthesis, later 
campylotropous- amphitropous, submarginal, bitegmic 
or unitegmic, crassinucellate. Female gametophyte of 
Poygonum-type. Endosperm nuclear. Fruits more or 
less stipitate drupes; exocarp membranous to coria-
ceous, mesocarp fl eshy; endocarp usually bony, often 
curved and usually variously sculptured. Seeds often 
horseshoe-shaped or subannular, sometimes straight 
and more or less broadly ellipsoidal or deeply cup-
shaped; embryo small to large, frequently more or less 
curved; endosperm mostly copious and sometimes 
ruminate, often scanty or none. Contain poisonous 
 sesquiterpenoids and diterpenoids and usually benzyl 
 isoquinoline alkaloids and/or aporphine alkaloids, 
n = 11–13, mostly 13.

Related to the Lardizabalales and probably had a 
common origin.

1. MENISPERMACEAE

A. L. de Jussieu 1789 (including Pseliaceae Rafi nesque 
1838). 71/450. Almost entirely in tropical and subtropi-
cal regions with a few species in temperate regions 
(Menispermum with two disjunct species in North 
America and northern Asia and a few species of Cocculus 
that extend into North America and temperate Asia).

pachygoneae: Albertisia, Macrococculus, 
Eleutharrhena, Penianthus, Sphenocentrum, Synclisia, 
Ungulipetalum, Syrrheonema, Sciadotenia, Chondro-
dendron, Anisocycla, Pycnarrhena, Triclisia, Carronia, 
Pleogyne, Haematocarpus, Curarea, Beirnaertia, 
Cionomene, Hyperbaena; anomospermeae: Tiliacora, 
Orthomene, Elephantomene, Caryomene, Abuta, Anomo-
spermum, Telitoxicum; tinosporeae: Calycocarpum, 
Arcangelisia, Disciphania, Synsndropus, Leichhardtia, 

Syntriandrium, Dialytheca, Odontocarya, Burasaia, 
Aspidocarya, Platytinospora, Rhigiocarya, Jateorhiza, 
Tinospora, Sarcolophium, Dioscoreophyllum, Chlaen-
andra, Chasmanthera, Borismene, Kolobopetalum, 
Leptoterantha, Parabaena; fibraureae: Anamirta, 
Fibraurea, Coscinium, Tinomisclum; menispermeae: 
Stephania, Cyclea, Cissampelos, Antizoma, Rhapto-
nema, Sarcopetalum, Strychnopsis, Legnephora, 
Diploclisia, Cocculus, Limaciopsis, Pericampylus, 
Limacia, Hypserpa, Menispermum, Sinomenium.
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Order 24. BERBERIDALES

Perennial herbs, shrubs, or rarely small trees. Vessels 
with simple perforations or sometimes in Berberis also 
with scalariform perforation plates. Fibers with simple 
or (Nandina) bordered pits. Rays broad, usually 
 homogeneous or nearly so. Sieve-element plastids of 
S-type. Leaves usually alternate, sometimes all basal, 
simple to pinnately or ternately compound or decom-
pound (in Berberis unifoliolate); stipules vestigial or 
wanting. Stomata anomocytic. Flowers mostly small, 
in various kinds of infl orescences or less often solitary, 
bisexual (in Achlys bisexual and male with a rudimen-
tary gynoecium), actinomorphic, (2)3(4)-merous. 
Perianth (absent in Achlys) usually of 6 or 7(-9) series 
of free members, typically the outer 2 series relatively 
small and sepaloid, often caducous, the next 2 series 
larger and more petaloid, and the inner 2 or 3 (often 
interpreted as staminodia) usually also petaloid and 
nectariferous (not in Diphylleia and Podophyllum). 
Stamens (4-)6 (-18), usually of the same number as 
nectariferous petals and opposite them (or opposite the 
nectarless petals when nectariferous petals are want-
ing), but sometimes twice as many; fi laments short; 
anthers tetrasporangiate, opening by two valves that 
lift up from the base or less often (Nandina, 
Podophyllum, Dysosna and Sinopodophyllum) by 
 longitudinal slits. Pollen grains 2-celled, 3-colpate, 
6–12-colpate or spiraperturate. Gynoecium pseudo-
mono merous, derived from two or three fused carpels; 
stigma sessile or on a short style, often 3-lobed. Ovules 
commonly numerous on a thickened marginal placenta 
or only two or even (Achlys) solitary and basal, anatro-
pous or hemitropous, bitegmic, crassinucellate. Female 
gametophyte of Polygonum-type. Endosperm nuclear. 
Fruits usually a berry, seldom dry and indehiscent or 
irregularly dehiscent. Seeds often arillate, with small 
embryo; endosperm copious, with hemicellulose. 
Produced alkaloids: berberin, a benzyl-isoquinoline, 
protopine (Nandina). n = 6–8, 10.

Related to both the Lardizabalales and Meni-
spermales, but markedly differs in the pseudo mono-
merous gynoecium.

Key to Families
1 Perianth segments numerous on elongate recepta-

cle, white, arranged in very compressed spiral 
(nearly in 3-merous cycles) the inner ones gradu-
ally larger, becoming petal-like. Nectaries lacking. 
Stamens six, opposite the inner perianth segments; 
anthers opening longitudinally. Pollen grains 3-col-
pate with deeply punctate thick tectum, reduced 
diminutive columellae and very well-developed 
massive lamellate endexine. Carpels with 3(-4)-
lobed truncate stigma on a short stylodium. Ovules 
two, rarely three (1 soon aborting), pendulous, sub-
marginally attached one above the other. Fruit gen-
erally 1-seeded berries. Seed endotegmic; embryo 
minute, weakly differentiated; endosperm copious, 
oily. Lateral pitting of vessels opposite. Erect 
shrubs with bi- or tripinnate leaves; main joints of 
pinnae and pinnules bulbously swollen at base. n = 
10. . . . . . . . . . . . . . . . . . . . . . . . 1. nandinaceae.

1 Perianth cyclic, 3-merous or rarely 2-merous, con-
sisting of small sepals and mostly larger petals, 
rarely perianth absent. Nectaries present. Stamens 
4–18, mostly 6; anthers opening by two valves or 
rarely longitudinally. Pollen grains with thin endex-
ine. Ovules usually numerous or only two, rarely 
solitary, basal. Fruits of various types. Seed coat 
exotestal. Nodes trilacunar or multilacunar. Lateral 
pitting of vessels alternate. Herbs or shrubs with 
simple or compound leaves.
2 Shrubs or rarely small trees. Leaves imparipin-

nate to trifoliolate (Mahonia) or unifoliolate 
(Berberis), articulate. Nodes trilacunar. Petals 
(often interpreted as staminodia) with two nec-
tariferous glands on the inner side. Stamens six, 
opposite the petals; anthers opening by two api-
cal valves. Pollen grains with irregular or spiral 
aperture and with nearly amorphous ectexine, 
which shows only an early stage of columellae 
development. Ovules anatropous, basal. Fruits 
 baccate. n = 7. . . . . . . . . . . . . 2. berberidaceae

2 Herbs. Leaves simple or compound, not articu-
late. Anthers mostly opening by two apical valves 
or rarely longitudinally. Pollen grains 3-colpate, 
ectexine amorphous or columellate.

3 Pollen grains 6-pantocolpate, psilate-punctate, 
with nearly amorphous unstratifi ed ectexine. 
Rhizomes creeping. Stem simple, with two termi-
nal leaves, long-petiolate, trifoliate; leafl ets peti-
olulate, 3-lobed or 3-incised. Flowers in terminal 
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fascicle, nodding, with three caducous, sepal-like 
bracteoles. Sepals six, petaloid, purple, 15 mm 
long, spreading. Petals six, small, with two nec-
tariferous glands at base. Stamens six; anthers 
opening by small valves. Carpels with nearly ses-
sile large stigma. Ovules numerous (20–40), lat-
eral, hemitropous, with a long funicle. Fruit a 
berry. n = 7.. . . . . . . . . . . . . . . 3. ranzaniaceae

3 Pollen grains 3-colpate, columellate. Sepals 
5–18, usually petaloid. Petals 4–9, often nectarif-
erous. Stamens 4–18; anthers opening longitudi-
nally (Podophyllum, Dysosma) or by two apical 
valves. Ovules numerous or few, rarely (Achlys) 
solitary,  lateral to basal. Fruits berries, capsules, 
or berry-like. Rhizomes creeping or tuberous, n 
= 6 or (Leonticoideae) 8.. . 4. podophyllaceae

1. NANDINACEAE

Horaninow 1834. 1/1. Continental China and Japan.
Nandina.
The relatively most archaic member of the 

Berberidales, which is related to the Lardizabalaceae 
and Menispermaceae, but stands closer to the 
Berberidaceae.

2. BERBERIDACEAE

A. L. de Jussieu 1789. 2/600 or more. Eurasia, North 
Africa, mountains of tropical Africa, North, Central, 
and South America.

Mahonia, Berberis.
Closely related to the Nandinaceae, but differ in 

many respects, including chromosome number, non-
stratifi ed and almost amorphous ectexine, mode of 
anther dehiscence, nectariferous petals, basal ovules.

3. RANZANIACEAE

Takhtajan 1994. 1/1. Japan (Honshu, Japan Sea side).
Ranzania.
Ranzania, a remarkable and rare Japanese endemic, 

is included either in the Berberidaceae s. 1. or in the 
Podophyllaceae. Although Ranzania resembles the 
Berberidaceae s. str. in its basic chromosome number, 
amorphous ectexine, sensitive stamens, nectariferous 
petals, valvate dehiscence of the anthers, and baccate 

fruits, it markedly differs in its herbaceous habit, fl ow-
ers arranged in terminal fascicles subtended by three 
deciduous bracts, anther valves that roll up on the 
adaxial side (Kumazawa 1937b), most of the chromo-
somes with centromeres situated in the median portion 
(Kuroki 1970), lateral ovules, cortical vascular bundles 
in the receptacle, recurving ventral and dorsal bundles 
in the stigmatic region, and the fascicular branching of 
the ovular traces (Terabayashi 1977) as well as 6(-12) 
pantocolpate (rugate) apertures (according to Nowicke 
and Skvaria 1981: 22, “the difference in aperture type 
may be more signifi cant than the similarity in exine 
structure”). In any case the pantocolpate aperture is 
unique in the suborder Berberidineae. I agree with 
Nowicke and Skvarla (1981: 21) that “the degree to 
which Ranzania is separated from the remaining gen-
era (of the Berberidaceae s. 1.) may be exceeded only 
by Nandina.” Therefore, they consider Ranzania “a 
taxon incertae.” I prefer to consider it a representative 
of a separate family, the Ranzaniaceae.

4. PODOPHYLLACEAE

A. P. de Candolle 1817 (including Diphylleiaceae 
Schulz-Schulzenstein 1832, Epimediaceae Menge 
1839, Leonticaceae Berchtold et J. Presl 1820). 12/60. 
Northern temperate regions, especially eastern Asia 
and northeastern North America.

4.1 LEONTICOIDEAE
Leaves mainly basal, simply or 2–3-pinnate, often 
fl eshy, glaucous. Sepals six in two cycles, petaloid. 
Petals six in two cycles, clawed, nectariferous. 
Anthers opening by two valves. Pollen grains reticu-
late. Carpel with short stylodium and small, plicate-
dilated stigma. Ovules 2–4, basal. Fruits with 
accrescent funicules; pericarp evanescent, exposing 
the large seeds or an infl ated bladder. Seed coat con-
sists of 13–32 layers, weakly differentiated. – 
Caulophyllum, Gymnospermium, Leontice.

4.2 EPIMEDIOIDEAE
Leaves simply pinnate, pinnately 1–3-ternate, more or 
less bilobed (Jeffersonia) or 3-foliate (Achlys). Sepals 
5–18, absent in Achlys. Petals 4, 6, or 8, hooded, spurred, 
or modifi ed into small glands, with spurs, nectariferous, 
absent in Achlys. Anthers opening by two valves. Pollen 
grains with striate or striate-reticulate tectum. Ovules 
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many or few (only 1 in Achlys), lateral or basal. Fruits 
capsular (obliquely or transversely dehiscing) or apically 
dehiscent bladder (Bongardia), rarely (Achlys) berry-
like. Seed coat consists of 6–12 layers of cells, exome-
sotestal. – epimedieae: Epimedium (perhaps including 
Aceranthus), Vancouveria, Jeffersonia, Plagiorhegma; 
achlydeae: Achlys; bongardieae: Bongardia.

4.3 PODOPHYLLOIDEAE
Leaves 2(3), simple, peltate, palmately-lobed or 
2-lobed. Sepals 6–9. Petals 6–9, without nectaries. 
Anthers opening by two longitudinal slits. Pollen 
grains in monads or rarely (Podophyllum hexandrum) 
in tetrads that have a tectum of ripple-surfaced  gemmae. 
Pollen grains of Diphyllea have a tectum composed of 
irregularly placed rods that form the base of stout, 
blunt spines. Ovules numerous, lateral. Fruits baccate. 
Seed coat consists of 7–9 layers of cells, exotestal. – 
Podophyllum (perhaps including Sinopodophyllum), 
Dysosma, Diphylleia.

Close to Berberidaceae and especially to the 
Ranzaniaceae. In some respects the most archaic group 
are Leonticoideae, which have the least specialized 
seed coat (Takhtajan and Melikian 1972) and the most 
primitive karyotype (Kosenko 1979) with basic 
 chromosome number n = 8 and long, metacentric, and 
 submetacentric chromosomes. Epimedioideae and 
Podo phylloideae are more advanced.
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Order 25. RANUNCULALES

Herbs, sometimes lianas, or erect subshrubs or shrubs. 
Vascular bundles usually amphivasal and the xylem 
straight, not V-shaped in cross section. Vessels mostly 
with simple perforations; lateral pitting mostly alter-
nate. Fibers commonly with simple pits. Woody forms 
with broad medullary rays. Nodes trilacunar or more 

often multilacunar. Leaves alternate or rarely opposite, 
compound or simple, mostly estipulate. Stomata ano-
mocytic or paracytic. Flowers solitary or in various 
basically cymose infl orescences, bisexual or some-
times unisexual, actinomorphic or zygomorphic. 
Perianth double or simple, rarely completely wanting. 
Stamens usually numerous, spirally arranged and cen-
tripetal; anthers basifi xed, extrorse or introrse, usually 
tetrasporangiate, opening longitudinally. Tapetum 
 usually secretory. Microsporogenesis simultaneous or 
(Thalictrum) successive. Pollen grains 2-celled or 
rarely 3-celled, tectate-columellate; tectum spinulose 
and punctate/perforate or rarely reticulate or striate. 
Gynoecium mostly apocarpous. Ovary superior. 
Ovules one to many, mostly anatropous, bitegmic or 
sometimes unitegmic, crassinucellate or rarely tenui-
nucellate. Female gametophyte commonly of 
Polygonum-type, but in Adonis, Trollius acaulis and 
Ceratocephala falcata of Allium-type, in Callian-
themum of both types and in Thalictrum angustifolium 
of Pyrethrum-type. Endosperm nuclear. Fruits of vari-
ous types. Seeds exotesta, with small to large embryo 
and with copious or scanty endosperm, sometimes 
without endosperm. n = 6–9, 7 or 8, or 13 (Hydrastis). 
Chromosomes are of two types – R-type (Ranunculus-
type) or long chromosomes generally winding or 
curved several times and with irregularly distributed 
heterochromatic regions, and T-type (Thalictrum-type) 
or small chromosomes generally simply curved and 
with well marked heterochromatic chromocentres 
(Langlet 1932; Gregory 1941; Kurita 1960). According 
to Tamura (1995), the values of chromosome length of 
R-type and T-type chromosomes are not clearly dis-
tinct. It is thus evident that the distinction between 
R-type and T-type is not always clear as far as the size 
of the chromosomes is concerned. Does Myosurus 
minimus has comparatively small metaphase chromo-
somes, interphase nuclei of the T-type, and prophase 
chromosomes of the R-type.

Closely related to the Berberidales and probably 
have a common origin with them.

Key to Families
1 Vascular bundles amphicribral. Vessels in meta-

xylem with scalariform perforations (the number of 
bars usually 3–10, rarely up to 18); lateral pitting 
scalariform. Fibers with bordered pits. Perennial 
herbs with thick, creeping, knotty, yellow rhizome. 
Nodes multilacunar. Leaves alternate, palmately 
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lobed, usually 1 basal and 2 cauline, near the sum-
mit of stem. Flowers solitary, terminal, bisexual, 
actinomorphic, apetalous, without nectaries. Sepals 
three, petaloid, caducous. Stamens numerous, spi-
rally arranged. Pollen grains 2-celled, 3-colpate, 
with striate-reticulate tectum of two layers of striae. 
Gynoecium apocarpous; carpels 8–15, with more or 
less fl eshy wall, short stylodium and fl at, 2-lobed 
stigma with fl aring borders. Ovules 2(-4), anatro-
pous, bitegmic, crassinucellate; micropyle zig-zag, 
formed by both integuments. Fruits of red berrylike 
follicles. Seeds small, globose, black, with minute, 
weakly differentiated embryo and copious 
endosperm. Rhizome contains benzyl isoquinoline 
alkaloid combination of D-galactose and a ribitol-
like substance, n = 13, chromosomes small, of 
T-type. . . . . . . . . . . . . . . . . . . .1. hydrastidaceae

1 Vascular bundles usually amphivasal. Vessels in 
metaxylem usually with simple perforations; lateral 
pitting scalariform. Fibers with simple pits. Perennial 
or annual herbs, often rhizomatous or tuberous, her-
baceous or woody lianas, or erect subshrubs or small 
shrubs. Nodes trilacunar or multilacunar, rarely uni-
lacunar. Leaves alternate or rarely opposite, seldom 
all basal, simple or compound, estipulate or with ves-
tigial stipules. Flowers solitary or more often in vari-
ous basically cymose infl orescences, bisexual or 
sometimes unisexual (monoceous or dioecious), 
actinomorphic to strongly zygomorphic, usually with 
more or less elongate receptacle and spirally arranged 
perianth, entomophilous or sometimes ornitophilous, 
anemophilous, or autogamous. Perianth double or 
simple, rarely completely wanting. Sepals fi ve or less 
often fewer or more, imbricate or sometimes valvate, 
persistent or sometimes caducous. Petals few to 
numerous, mostly fi ve, apparently modifi ed stamens 
(andropetals), free, fl at, and sessile or more often pel-
tate and usually stipitate, often with basal nectaries. 
Stamens 5–10, up to 100, spirally arranged and cen-
tripetal; anthers adnate, extrorse or latrorse, tetraspo-
rangiate, opening longi tudinally. Pollen grains 
2-celled or rarely 3-celled, 3-colpate to pantocolpate 
or pantoporate, very rarely inaperturate, tectate- 
columellate; tectum spinulose and punctate/perforate 
or rarely reticulate or striate. Gynoecium apocarpous 
or rarely more or less syncarpous; carpels single to 
numerous, up to 10,000 in Laccopetalum (largest in 
Ranunculidae), small to large, multiovulate to unio-
vulate; stylodia short to long and plumose. Ovary 

3–5-locular. Ovules one to many, mostly anatropous, 
bitegmic or sometimes unitegmic (as for example 
Anemone, Clematis, Helleborus, and Ranunculus), 
crassinucellate or rarely tenuinucellate, with ventral 
raphe to with dorsal raphe; micropyle nearly always 
formed by the inner integument alone. Fruits aggre-
gate, sometimes simple, follicular, achenial, rarely 
baccate, sometimes capsulate. Seeds with minute, 
small and weakly differentiated (as in Thalictreae 
and Actaeae) to large embryo and with copious or 
scanty endosperm, sometimes without endosperm; 
cotyledons usually two, their petioles usually 
fused downward to various degree, rarely one. 
Commonly with various kinds of benzylisoquino-
line or/and aporphine alkaloids, n = 6–9, mostly 7 
or 8.  . . . . . . . . . . . . . . . . . . . 2. ranunculaceae

1. HYDRASTIDACEAE

Martynov 1820. 1/1. Central and eastern North 
America.

Hydrastis.
Hydrastis is usually regarded as a member of the 

Ranunculaceae or less often as a separate family near to 
the Ranunculaceae. It differs from the Ranunculaceae in 
many respects, including the amphicribral vascular bun-
dles, the presence of vessels with scalariform perfora-
tions and scalariform lateral pitting (Eames 1961; Tobe 
and Keating 1985), vasculature and anatomy of the 
fl owers (Tobe and Keating 1985), morphology of pollen 
grains (Nowicke and Skvarla 1980, 1981, 1982), the 
micropyle formed by both the outer and inner integu-
ments (Kumazawa 1938; Tobe and Keating 1985), the 
presence of D-galactose (Iriki and Minamisawa 1983), 
and the basic number of chromosomes. Hydrastidaceae 
are rather “a relictual primitive group which very early 
diverged from a common ancestral stock of the 
Ranunculaceae, Berberidaceae [s.1.] and probably of 
the Circaeasteraceae” (Tobe and Keating 1985: 313).

2. RANUNCULACEAE

A.L. de Jussieu 1789 (including Actaeaceae Rafi nesque 
1828, Anemonaceae Vest 1818, Aquilegiaceae Lilja 
1870, Calthaceae Martynov 1820, Cimicifugaceae 
Bromhead 1840, Clematidaceae Martynov 1820, 
Delphiniaceae Brenner 1886, Helleboraceae Vest 
1818, Nigellaceae J. Agardh 1858, Thalictraceae 
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Rafi nesque 1815). 65–71/2500. Distributed through-
out the world but centered in temperate and cold 
regions of the Northern and Southern Hemispheres. 

2.1 COPTIDOIDEAE
Perennial rhizomatous herbs or (Xanthorhiza) small 
shrub. Leaves ternately or pinnately compound, pedate. 
Flowers terminal to stem, or in a racemiform cyme or 
cymes, bisexual, sometimes unisexual. Petals stalked, 
shorter than sepals, blades basically thick. Pollen 
grains pantocolpate or pantoporate. Carpels 5–15, 
stalked and sessile, open (Coptis) or closed. Ovules 
several to two in a carpel, bitegmic. Follicles several, 
free, without, rarely with a longitudinal vein, without 
distinct transverse veins on lateral faces. Accumulating 
large amount of benzylisoquinoline alkaloids, the 
major is berberin; ranunculin absent. According to 
Yang et al. (1993) the metaphase chromosomes, were 
smaller than the R-type ones but obviously larger than 
the T-type ones. In his opinion it seems to be some-
what reasonable that Gregory (1941) classifi ed the 
chromosomes of Coptis as C-type. n = 9 – coptideae: 
Coptis; xanthorhizeae: Xanthorhiza.

2.2 THALICTROIDEAE (ISOPYROIDEAE)
Perennial or annual herbs. Leaves ternately or pin-
nately compound, pedate. Flowers actinomorphic or 
more or less zygomorphic, bisexual or rarely polyga-
mous. Petals present or (Enemion and Thalictrum) 
absent. Pollen grains 3-colpate to pantocolpate and 
pantoporate. Carpels sessile, with or without trans-
verse veins, multiovulate to uniovulate. Ovules usually 
bitegmic. Fruitlets follicles or (Thalictrum) achenes. 
Accumulating large amount of benzylisoquinoline 
alkaloids like berberine and magnofl orine; cyanogenic 
compounds and columbinic acid are also common; 
ranunculin absent. Chromosomes usually of T-type. 
n = 6 (Dichocarpum), 7 (mostly). – isopyreae: 
Enemion, Isopyrum, Leptopyrum (including ? Neolepto-
pyrum), Paropyrum, Paraquilegia, Semiaquilegia, 
Urophysa, Aquilegia; thalictreae: Thalictrum, 
Anemonella; dichocarpeae: Dichocarpum.

2.3 CIMICIFUGOIDEAE
Geophilous perennials with sympodial rhizome. 
Vessels in Asteropyrum with scalariform perforation 
with over 30 bars (Chen and Li 1990). Leaves ter-
nately compound. Flowers actinomorphic or some-
times more or less irregular, bisexual or rarely 

unisexual. Petals present. Staminodia fl at or (Eranthis) 
peltate. Ovules bitegmic. Fruitlets follicles or (Actaea) 
berries. Embryo relatively small. Producing isopreny-
lated 2-methyl chromones, and in Eranthis also small 
amounts of benzylisoquinoline alkaloids, but not 
accumulating. Ranunculin absent. Chromosomes of 
R-type, but in Actaea two chromosomes of T-type 
(Yang 1998), n = 8. – asteropyreae: 
Asteropyrum; cimicifugeae (actaeeae): Beesia, 
Anemonopsis, Souliea, Cimicifuga, Actaea; eran-
thideae: Eranthis, Shibateranthis.

2.4 TROLLIOIDEAE (ADONIDOIDEAE)
Perenial or seldom annual herbs. Leaves compound 
or simple. Flowers actinomorphic, bisexual. Petals 
present or absent. Pollen grains tricolpate. Ovules 
mostly bitegmic. Fruits of follicles or achenes. 
Producing, but not accumulating small amount of 
 benzylisoquinoline alkaloids. Ranunculin absent. 
Chromosomes of R-type, n = 8. – caltaeae: Caltha 
(including ? Thacla); trollieae: Trollius, 
Megaleranthis, Calathodes; adonideae: Callian-
themum, Adonis.

2.5 ACONITOIDEAE (DELPHINIOIDEAE)
Perennial or annual herbs with simple or compound 
leaves. Flowers actinomorphic (Nigelleae) or more 
often zygomorphic, bisexual. Petals present, spured or 
not spured. Pollen grains sometimes striate. Ovules 
bitegmic. Fruitlets follicles, free or more or less con-
nate, seldom capsulate. Producing benzylisoquinoline 
alkaloids in small amounts, but not accumulating them, 
and in Delphineae also producing toxic diterpene alka-
loids and mannitol. Ranunculin absent. Chromosomes 
of R-type, n = 8 or less often 6 (Nigella and Garidella) 
or 7 (Komaroffi a). – delphineae: Aconitum, 
Delphinium, Consolida, Aconitella; NIGELLEAE: 
Komaroffi a, Nigella, Garidella.

2.6 HELLEBOROIDEAE
Perennial herbs with pedately, palmately of ternately 
divided leaves. Sepals persistent. Petals tubular or cup-
shaped. Pollen grains 3-colpate and have a fi nely or 
coarsely reticulate tectum in which the muri are colli-
culate, or, more rarely, a complete tectum which is 
sparsely colliculate and sparsely punctate (Nowicke 
and Skvarla 1983). Ovules unitegmic. Follicles free or 
connate, or forming a capsule. Ranunculin-type gluco-
sides generating acrid protoanemonin, bufadienolides, 
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steroidal saponins, phytoecdysones present; benzyliso-
quinoline alkaloids absent. Unique in contain cardio-
active bufadienolides. Chromosomes of R-type, n = 8. 
– Helleborus.

2.7 RANUNCULOIDEAE
Perennial or annual herbs, less often subshrubs or 
woody lianas. Flowers actinomorphic, mostly bisex-
ual. Petals present or lacking. Pollen grains 3-colpate 
to pancolpate and pantoporate. Ovules unitegmic. 
Fruitlets achenes or rarely (Knowltonia) 1-seeded 
 berries. Ranunculin-type glucosides generating acrid 
protoanemonin usually present (Hegnauer 1987); 
 triterpenoid saponins often present; cyanogenesis in 
some species of Ranunculus; benzylisoquinoline alka-
loids absent, except the presence of small acount of 
magnofl orine in Clematis. Chromosomes of R-type, 
n = 8 or rarely (some species of Anemone and 
Raninculus) 7, or rarely 9. – anemoneae: Anemone 
(including ? Anemonastrum, Anemonidium, Anemo-
noides, Arsenjevia), Anemoclema, Pulsatilla, Miyakea, 
Metanemone, Hepatica, Barneoudia, Oreithales, 
Knowtonia, Clematis (including Archiclematis, 
Naravelia, Clematopsis); Atragene; ranunculeae: 
Myosurus, Arcteranthis, Halerpestes, Cyrtorhyncba, 
Oxygraphis, Callianthemoides, Paroxygrapis, Hama-
dryas, Aphanostemma, Ranunculus, Buschia, Ficaria, 
Batrachium, Ceratocephala, Beckwithia, Krapfi a, 
Laccopetalum; trautvetterieae: Trautvetteria, 
Kumlienia.

The relatively most primitive subfamily is probably 
Coptidoideae, which includes only three rather isolated 
genera. The less specialized of them is Coptis 
(16 species in the Himalayas, eastern Asia and Pacifi c 
North America). Its carpels stipitate and not completely 
fused in the fl owering stage, their venation without 
transverse veins and in an early stage they conduplicate. 
The nodal structure of Coptis is also primitive – trilacu-
nar or pentalacunar (Tamura 1981). Relatively primitive 
are also Cimicifugoideae and Thalictroideae, while 
Ranunculoideae are the most advanced and diversifi ed.
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Order 26. CIRCAEASTERALES

Small perennial or annual herbs. Vessels usually with 
simple perforations. Nodes unilacunar. Leaves alter-
nate or opposite, palmate or simple, 2-ranked, petio-
late, with an open dichotomous venation, the veins 
ending in teeth of the lamina, estipulate. Stomata ano-
mocytic. Flowers very small, in terminal cyme 
(Circaeaster) or solitary, devoid of bracts and bracte-
oles, bisexual, actinomorphic, apetalous. Sepals 2–3 or 
5–9, scalelike or petaloid, valvate, persistent. Floral 
nectaries present (Kingdonia) or absent (Circaeaster). 
Stamens 1(2)3 or 14–17; anthers tetrasporangiate or 
disporangiate, introrse or latrorse, opening longitudi-
nally; connective not prolonged. Tapetum glandular. 
Pollen grains 2-celled, 3-colpate, with striate tectum. 
Gynoecium apocarpous, of (1)2-9 conduplicate car-
pels with 1 or 2 pendulous ovules per carpel. Ovule 
orthotropous (hemitropous according to Hu et al. 
1990), unitegmic, tenuinucellate. Before fertilization 
integument covers 1/3 part of nucellus, after that, elon-
gates and then disappers (Ren Y. et al. 1998). Female 
gametophyte tetrasporic, 4- or 8-nucleate. Fertilization 
porogamous (Kingdonia) or mesogamous (Cicraeaster) 
Endosperm helobial or cellular. The fi rst division 
of primary endosperm nucleus longitudinal. The 
embryogeny of Kingdonia subtype of Caryophyllad-
type. Fruits achenes. Seeds small, without testa, seed 
coat degenerating, embryo relatively large. Endosperm 
differentiated into two parts – storage micropylar part 
and absorbing chalazal part, which are separated by an 
intermediate suberized layer; the cells of endosperm 
surface with thikend outer. n = 9, 15.

A rather isolated group that shows some similarities 
with Lardizabalales, Berberidales and Ranunculales. 
They often included in Ranunculales, but markedly 
differ from them, testaless seeds and some embryo-
logical features such as: Caryophyllad type of 
embryogeny, the fi rst division of primary endosperm 
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nucleus, differentiating of endosperm on two parts, 
thickened outer walls of cells of endosperm surface, 
integument  covering 1/3 part of nucellus before fertil-
ization and disappearing after that (Ren Y. et al. 1998). 
However, according to Nowicke and Skvarla (1982), 
palynologically Circaeaster and Kingdonia are related 
to Hydrastis and to the tribe Epimedieae in the 
Podophyllaceae than to any remaining taxa examined in 
the Ranunculanae. They base the relationships on the 
similarity of the  tectum, a compound layer of striae. 
However, there are also many dissimilarities that make 
Circaeasterales a very distinct group (Takhtajan 1997).

Key to Families
1 Perennial herbs with long, creeping, slender, branch-

ing, scaly rhizome with endotrophic mycorrhizae, a 
solitary leaf and fl ower arising from each bud. 
Unilacunar node with four traces in foliage leaves and 
a double trace in both cataphylls and scale leaves. 
Leaves usually single, basal, long-petiolate, with 
membranous, suborbicular lamina, 5–7-palmatisect, 
segments cuneate, variously lobed and dentate on the 
upper margin. Flowers solitary, with a long pedicel. 
Sepals 5–6, rarely 8–9 in two series with 5–6 in the 
outer and 3 in the inner series, pale yellow-green, 
ovate, acuminate, with dichotomous venation. 
Androecium consists of 9–11 outer sterile and 5–6 
inner fertile stamens; each sterile stamen differenti-
ates into a stalk and a broadened head with a groove 
in the centre; fertile stamens differentiate into costate 
fi laments and 2-locular, tetrasporangiate, extrorse 
anthers (Ren et al. 2005). Pollen grains and the tec-
tum consisting of two layers of striae or mostly stri-
ate. Gynoecium of 5–6, rarely 9 carpels, opened in the 
upper third, with subulate stylodium, which gradually 
becomes recurved over the dorsal edge of the carpel, 
and 1 ventral pendulous, hemitropous ovule per car-
pel. Inner epidermal cells of integument near the 
micropyle elongated radically to form a palisade-like 
structure. Endosperm helobial. Achenes 1–5, gla-
brous, with thick stipe, beaks elongate, strongly bent 
outward at base. Seeds narrow, ellipsoid; endosperm 
cell walls thin, n = 9.  . . . . . . . . . . 1. kingdoniaceae

1 Annual herbs with an elongated stemlike hypocotyl, 
short stem, and linear persistent cotyledons and leaf-
rosette. Unilacunar nodes with a single trace in foli-
age leaf. Leaves more or less opposite, petiolate, 
cuneate-spatulate, dentate at apex. Infl orescences are 
thyrsoid with extremely short main axis and 10-30

(-40) fl owers; 2–3 fl owers in the center of the infl o-
rescence have longer pedicels and bloom fi rst (Tian 
et al. 2006). Flowers bisexual, nearly actinomorphic. 
Sepals 2–3, scalelike, valvate, persistent, without vas-
cular bundles. Stamens (1-)2(-3), alternisepalous; 
anthers basifi xed, disporangiate, latrorse. Pollen grains 
with the irregularly striate tectum. Gynoecium of 
1-2(-4) fusiform, shortly stipitate, closed carpels with 
very short stylodium and slightly elongate and slightly 
oblique papillate stigma. Ovule solitary, small to very 
small, orthotropous, pendulous, submarginal, the 
uppermost ovule aborting. Integument without pali-
sade-like structure. Endosperm cellular. Fruits long 
elliptic green achenes covered by uncinate hairs. Seeds 
small; embryo well differentiated, small, straight, with 
short cotyledons; endosperm copious; endosperm cell 
wall thick. n = 15.  . . . . . . . . . . 2. circaeasteraceae

1. KINGDONIACEAE

A. S. Foster ex Airy Shaw 1964.1/1. High mountains 
of southwestern China, primarily in western Sichuan.

Kingdonia.

2. CIRCAEASTERACEAE

Hutchinson 1926. 1/1. Northwestern Himalayas to 
western China.

Circaeaster.
Despite some common features with the 

Kingdoniaceae, such as dichotomous leaf venation, 
pollen morphology, pendulous, unitegmic, tenuinucel-
late ovules. Circaeasteraceae have many unique char-
acters that make them rather distinct.
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Order 27. PAPAVERALES

Perennial or annual herbs or rarely shrubs 
(Dendromecon and species of Bocconia) or small soft-
wooded trees up to 6 m tall. Latex present throughout 
the plant in either laticiferous tubes or laticiferous 
sacks or plants without latex and laticifers, but 
with elongate idioblasts containing juice (except 
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Pteridophyllum, which lacks both idioblasts and latic-
ifers). The transverse section of the stem mostly 
 exhibits a single ring of widely spaced collateral 
 vascular bundles, which are separated by broad multi-
seriate medullary rays (markedly heterogeneous in 
Bocconia). Vessels with simple perforations. Fibers 
with numerous, small, simple pits. Axial parenchyma 
paratracheal. Nodes unilacunar to multilacunar. Leaves 
alternate (sometimes all basal) or sometimes opposite 
or almost verticillate, entire or more often variously 
divided, without stipules. Stomata anomocytic. Flowers 
solitary or in various types of cymose or racemose infl o-
rescences, bisexual, actinomorphic or zygomorphic, 
2-merous or less often 3-merous, usually entomophil-
ous. Sepals 2, sometimes 3 or 4, mostly caducous. Petals 
usually twice as many as sepals and in 2 whorls, mostly 
4, less often 6, sometimes 8–12 (up to 16), free or api-
cally connate or connivent, rarely absent (Macleaya and 
Bocconia). Stamens numerous or 6–12, rarely only 4 
(Hypecoum and Pteridophyllum), free or diadelphous 
(Fumariaceae), when numerous developing in centripe-
tal sequence; anthers opening longitudinally. Tapetum 
secretory or amoeboid. Microsporogenesis simultane-
ous. Pollen grains 2-celled, 3-colpate to pantocolpate 
and pantoporate, seldom 2-colpate, rarely (Meconopsis, 
Cathcartia) inaperturate. Gynoecium paracarpous, of 2 
or less often 3–25 carpels; ovary superior, rarely almost 
semi-inferior, mostly with numerous (up to 180 in 
Glaucium) ovules, rarely two or only one (Bocconia, 
Macleaya) ovule. Ovules anatropous, hemicampylotro-
pous or hemiamphitropous, or campylotropous, biteg-
mic, crassinucellate, with the micropyle formed by both 
integuments. Female gametophyte monosporic of 
Polygonum-type or rarely (Platystemon) tetrasporic of 
Fritillaria-type. Endosperm nuclear. Fruits typically 
capsular. Seeds small, arillate (except Hypecoaceae and 
Pterydophyllaceae); seed coat formed by both integu-
ments; embryo minute and undifferentiated to linear and 
elongate and more or less differentiated; endosperm 
copious, oily. Producing various types of isoquinoline 
alkaloids (including benzyl isoquinoline and aporphine 
types and most notably protopine). Chromosomes large 
to very small, n = 5–10, 14, 19, initially probably 6 
(Safronova 1988a, b).

Close to Ranunculales and Berberidales (especially to 
Hydrastidaceae and Podophyllaceae) and Glaucidiales 
and shares a common origin with them. The Papaverales 
differ from the other Ranunculanae mainly in their 
paracarpous gynoecium with parietal placentation.

Key to Families
1 Plants producing milky or colored latex in articulated 

laticifers or less often in elongate latex cells. Flowers 
actinomorphic. Sepals 2 or 3, rarely 4, free or some-
times more or less connate, fully enclosing the bud 
before anthesis. Petals usually in two cycles of two or 
three, usually caducous, imbricate and often crum-
pled in bud, rarely lacking or in more than two cycles, 
not spurred. Stamens mostly numerous, free. 
Gynoecium of 2–25 carpels. Perennial or annual 
herbs, rarely evergreen shrubs or small trees. Nodes 
unilacunar. Leaves alternate, rarely opposite or ver-
ticillate, mostly variously divided, n = 5–10, 14 
(Argemone), 19 (Romneya). . . . . . 1. papaveraceae

1 Plants without laticifers. Secretory idioblasts pres-
ent or absent. Flowers actinomorphic or zygomor-
phic. Sepals two, small, not enclosing the developing 
bud. Petals four, spurred or not. Stamens four or six. 
Gynoecium of two carpels.
2 Flowers nearly actinomorphic. Outer petals not 

spurred. Stamens four, free.
3 Stemless perennial herbs with short thick 

 rhizomes. Leaves basal, oblanceolate, gradu-
ally narrowed below, pectinate, with 10–20 
pairs of dentate segments, fern-like. 
Infl orescence an open thyrsus with small den-
tate bracts subtending cymules of 1–4 pedicel-
late fl owers. Individual fl owers small, white, 
2- merous. Sepals two, small, caducous. Petals 
four, entire, oblong, inner narrower than outer. 
Stamens four, alternating the inner petals; fi la-
ments short, not winged; anthers linear. Pollen 
grains (2)3(4)-colpate, with perforate, sub-
echinulate tectum. Gynoecium with a long, 
slender style and densely papillate bifi d stigma. 
Ovules two or rarely four, anatropous to sub-
campylotropous. Fruits sili-culiform, 2-seeded 
capsules dehiscing by two valves. Seeds ellip-
soidal, without elaiosomes, with small embryo, 
n = 9.  . . . . . . . . . . . . . 2. pteridophyllaceae

3 Annual herbs with slender stems. Leaves lan-
ceolate, 2–4 pinnatisect, the lobes linear to 
narrowly obovate. Infl orescence cymose, 
many-fl owered, with foliose bracts. Flowers 
actinomorphic, 2-merous. Sepals 2, ovate to 
lanceolate, herbaceous, with membranous, 
often eroded margin. Petals four in two cycles, 
small, outer petals entire to 3-lobed, inner pet-
als trifi d, with linear lateral lobes and stipitate, 
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cochleariform, fi mbriate to denticulate median 
lobe. Stamens four; fi laments winged, basally 
connate with the glandular tissue along the mar-
gins; anthers oblong. Pollen grains 2-colpate. 
Gynoecium with two long and narrow stigmatic 
branches. Ovules several, campylotropous. Fruit 
a many-seeded lomentum or dehiscing by two 
valves, n = 7, 8.  . . . . . . . . . . . .3. hypecoaceae

2 Flowers bilaterally symmetrical or more often 
transversely zygomorphic. One or both of the 
outer petals usually basally saccate or spurred, 
and the inner ones narrower and more or less 
connate or sticky- connivent over the anthers. 
Stamens six, diadelphous in a pair of lateral 
phalanges usually with one or two nectary 
glands at base. Fruits transversely septate elon-
gated or bladdery capsules or seldom 1-seeded 
nuts. Perennial or annual herbs. Leaves alter-
nate or rarely (some Corydalis spp.) opposite, 
pinnately to ternately divided. In some parts of 
the plant, particularly below the leaf epidermis, 
unbranched idioblasts present; their juice con-
tains alkaloids and fatty oils, and may be red-
dish or yellowish, but never milky, n = 8 or very 
rarely 7.  . . . . . . . . . . . . . . . . . 4. fumariaceae

1. PAPAVERACEAE

A. L. de Jussieu 1789 (including Chelidoniaceae 
Martynov 1820, Eschscholziaceae Seringe 1847, 
Platystemonaceae Lilja 1870). 26/250. Mostly temper-
ate and subtropical regions of the Northern Hemisphere, 
especially the Mediterranean, western, central, and east-
ern Asia and southwestern parts of the USA; extending 
to northern South America; 1 species of Papaver in 
South Africa and 1 species in Cape Verde Islands.

1.1 CHELIDONIOIDEAE
Rhizomatous perennials or arborescent plants. Latex 
orange, yellow or red. Hairs multicellular and termi-
nally uniseriate. Perianth 2-merous. Gynoecium 
2-carpellate. Fruits opening by valves. Seeds mostly 
arillate (except Glaucium and Dicranostigma). n = 5, 6, 
7, 9, 10, chromosomes relatively large to very small. – 
chelidonieae: Sanguinaria, Eomecon, Stylophorum, 
Hylomecon, Coreanomecon, Chelidonium;  glaucieae: 
Glaucium, Dicranostigma; bocconieae: Macleaya, 
Bocconia.

1.2 ESCHSCHOLZIOIDEAE
Perennial or annual herbs or arborescent plants. 
Hairs unicellular. Perianth 2(rarely 3)-merous. 
Gynoecium 2-carpellate. Fruits with ten conspicuous 
longitudinal ribs, opening by valves and usually explo-
sively. Seeds nonarillate or (Dendromecon) arillate. 
n = 6, 7, 8, chromosomes small (especially in 
Hunnemannia), metacentric. – Dendromecon, Hunne-
mannia, Eschscholzia.

1.3 PAPAVEROIDEAE
Large suffruticose herbs to tiny annuals. Hairs multi-
cellular and multiseriate. Perianth 2- or 3-merous. 
Gynoecium 2–24-carpellate. Stigma laterally confl u-
ent. Fruits opening by three or usually more valves. 
Seeds usually nonarillate (except Arctomecon). n = 7, 
less often 6, 8 or (Argemone) 14 and (Romneya) 19, 
chromosomes rather large or (Argemone) small, gener-
ally submetacentric and intercentric. – papavereae: 
Papaver, Roemeria, Stylomecon, Meconopsis, Cath-
cartia, Argemone, Canbya; romnneyeae: Romneya, 
Arctomecon.

1.4 PLATYSTEMONOIDEAE
Annual herbs with narrow and entire, often opposite or 
verticillate leaves. Hairs multicellular and multi-
seriate. Perianth 3-merous. Gynoecium 3-carpellate or 
(Platystemon) 6–25-carpellate. Carpel tips and stigmas 
free. Fruits opening by basipetal separation of  carpels 
along placentas without formation of valves or 
(Platystemon) breaking transversely into 1-seeded seg-
ments. n = 6, 7, 8, chromosomes metacentric, rather 
large. – Platystemon, Hesperomecon, Meconella.

Chelidonioideae are the most archaic subfamily of 
the Papaveraceae. However, they are rather heteroge-
neous and the Glaucieae differ in some respects from 
the rest of the subfamily. According to Kadereit et al. 
(1994), they differ by the possession of frondose bracts, 
the absence of a seed appendage, and the absence of 
chelidonin and stylopin as characteristic alkaloids of 
the Chelidoniodeae s. str. Perhaps the best solution 
will be the new subfamily Glaucioideae, as suggested 
by Stevenson and Loconte (personal communication). 
As regards Platystemonoideae, they represent simpli-
fi ed rather than primitive forms (Ernst 1962, 1967). 
They are close to the Papaveroideae, particularly to 
Canbya (Ernst 1962: 1067; Kadereit et al. 1994), but 
the valvular dehiscence within the carpel wall of the 
fruit, which at maturity leaves behind the persistent 
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placental bundles and the fused stigmatic mechanism, 
clearly isolates Canbya from the Platystemonoideae 
(Ernst 1967: 61). I agree with Ernst “that the similari-
ties between Canbya and Platystemonoideae are 
 manifestations of highly advanced features in 
Papaveraceae and that Canbya probably can have 
played no direct role in the evolution of 
Platystemonoideae.”

2. PTERIDOPHYLLACEAE

Nakai ex Reveal and Hoogland 1991. 1/1. Japan 
(Honshu).

Pteridophyllum.
Pteridophyllum racemosum is a rare plant that 

grows in coniferous woods of central and northern 
Honshu. It is usually included in the Papaveraceae 
s. str., from which it differs markedly by the absence of 
latex, fernlike pectinately pinnate leaves surrounded at 
the base by round scales, and constantly 4-merous 
androecium. Somewhat intermediate between 
Papaveraceae and Hypecoaceae.

3. HYPECOACEAE

H. M. Wilkomm and J. M. C. Lange 1880. 1/18. From 
the western Mediterranean to Mongolia and north-
western China.

Hypecoum.
Hypecoum is usually included in the Fumariaceae, 

from which it differs by the morphology of corolla and 
androecium as well as by embryological characters 
(Iljina 1981) and seed coat anatomy (Iljina 1988). In 
contrast to all other members of the Papaverales, in 
Hypecoum the pollen is deposited not directly onto the 
stigma but onto the central lobes of the inner petals, 
which clasp the stamens and the style (Dahl 1989). It 
differs from the Papaveraceae and Fumariaceae no less 
than these two families from each other.

4. FUMARIACEAE

Berchtold et J. Presl 1820 (including Corydalaceae 
Vest 1818). 18/530. Mostly northern temperate regions; 
only a few are found south of the equator (a few  species 
of Corydalis on mountains in East Africa and the small 

genera Phacocapnos, Cysticapnos, Trigono capnos, 
and Discocapnos in southern Africa).

corydaleae: Dicentra, Capnoides, Adlumia, 
Dactylicapnos, Corydalis, Roborowskia; fumarieae: 
Pseudofu-maria, Sarcocapnos, Ceratocapnos, 
 Platy capnos, Fumari-ola, Fumaria, Cryptocapnos, 
Rupicapnos, Discocapnos, Trigonocapnos, Phaco-
capnos, Cysticapnos.

Close to the Papaveraceae, especially to the 
Chelidonioideae and Eschscholzioideae, with which 
they share a common origin.
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Order 28. GLAUCIDIALES

Perennial herbs with well-developed and creeping rhi-
zome producing a single long-petiolate leaf on its end. 
Stem solitary or sometimes two together, simple, rather 
stout, minutely poberulous, eventually glabrescent 
above. Vascular bundles amphicribral; xylem barely 
concave at the outer edge, but not V-shaped. Vessels in 
the rhizome mostly with simple perforations, but some-
times with scalariform or, rarely, reticulate perforations; 
lateral pitting scalariform. Fibers with bordered pits. 
Nodes multilacunar. Leaves few, alternate, apparently 
arranged in 1/2 divergence, simple, palmately lobed, 
without stipules; basal leaves long-petiolate, cauline 
leaves usually two, rarely three, borne on the uppermost 
part of the stem, reniform or cordate-orbicular; verna-
tion conduplicate. Stomata anomocytic. Flowers large, 
solitary and terminal, bisexual, spirocyclic, actinomor-
phic, apetalous. Bract foliaceous, sessile, reniform to 
suborbicular, cordate, sharply incised-dentate. Sepals 
four, large, decussate, broadly obovate-rhomboid, peta-
loid, spreading, caducous. Stamens very numerous, spi-
rally arranged, fasciculate, initiated centrifugally; 
fi laments fi liform, slightly enlarged and abruptly con-
stricted below the anther; anthers tetrasporangiate, 
opening longitudinally. Pollen grains 2-celled, 3-colpate, 
with punctate/spinulose tectum in which spinules are 
more numerous. Carpels usually two (rarely solitary 
or 3), shortly connate at the base by the intervention of 
receptacular tissue, conduplicate, with a bipartite stigma 
on a very short stylodium and with distinct furrows both 
along the ventral suture and along the dorsal side, with 
15–30 ovules in each carpel. Ovules, anatropous, biteg-
mic, pseudo-crassinucellate; the outer integument vas-
cularized. Endosperm nuclear. Female gametophyte of 
Polygonum-type. Fruiting carpels laterally compressed, 
subquadrate, dehiscing both ventricidally and dorsicid-
ally. Seeds pendulous in two rows from upper edge of 
fruiting carpels, the members of the two rows strictly 
alternating but forming a single line, compressed, 
broadly winged, obovate, about 1.5 cm long, brown, 
exotestal, with minute embryo and copious endosperm. 
Cotyledons have a tendency to fuse. Producing glau-
palol, a substance with a coumarin skeleton. No alka-
loids is detected, n = 10, chromosomes small and short.

Glaucidiaceae defi nitely belong to Ranunculidae, but 
from all of them differ by the assemblage of characters. 
The nearest are probably the Ranunculaceae or maybe 
the Hydrastidaceae (see Tobe 2003) but from them they 
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differ in conduplicate leaf vernation, vascular bundles 
(as in Hydrastidaceae), scalariform lateral pitting (as in 
Hydrastidaceae), vascular anatomy of the fl ower, mor-
phology of the gynoecium, micropyle formation, vascu-
larized outer integument, the absence of nectar discs, 
fasciculate stamens, initiated centrifugally (as in 
Paeoniaceae), pollen morphology, fruiting carpels 
dehiscining both ventricidally and dorsicidally, broadly 
winged seeds, absence of alkaloids and presence of glau-
palol, a substance with a coumarin skeleton, the basic 
number of chromosomes (see Tobe and Keating 1985).

1. GLAUCIDIACEAE

Tamura 1972. 1/1. High mountains of central and 
northern Japan (Hokkaido and northern and central 
districts of Honshu).

Glaucidium.
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Order 29. PAEONIALES

Perennial herbs or less often small shrubs or subshrubs 
with scattered secretory cells in the parenchymatous 
 tissues of the stems. Rhizome and roots thickened, 
 napiform or bulbous. Vascular bundles amphicribral (as 
in Hydrastidaceae and Glaucidiaceae). Vessels very 
small, angular, with scalariform or simple perforations 
that have 1-3(-7) bars (in metaxylem 4–12 bars); lateral 
pitting alternate. Fibers with bordered pits. Rays hetero-
cellular to homocellular. Wood parenchyma diffuse. 
Nodes pentalacunar with fi ve traces. Leaves large, 
 alternate, ternately or ternate-pinnately compound or 
dissected; petioles dilated at base; leafl ets entire, 
3–5-lobed to – parted, or dissected into linear segments, 
cuneate to rounded at base; stipules absent. Stomata 
anomocytic. Flowers large, terminal, solitary or some-
times a few together, spiral or spirocyclic, bisexual, acti-
nomorphic. Sepals (3-)5(-7), persistent. Petals 
morphologically equivalent to sepals, mostly 5, less 
often up to 10 (rarely up to 13), large, free. Stamens 
numerous, with thin  fi lament united into 5 fascicles, the 
members of which almost always develop in  centrifugal 
sequence (except Paeonia japonica, Sawada 1971); 
anthers tetrasporangiate, extrorse, opening longitudi-
nally. Tapetum secretory. Microsporogenesis simultane-
ous. Pollen grains 2-celled, 3-colpate/colporoidate/
colporate, with fi nely punctate and rugulose or perforate 
tectum. Gynoecium apocarpous, of (2-)5, rarely up to 
8 and even to 15 carpels; carpels coarse and thick-walled, 
with almost sessile expanded stigma; gynoecium sur-
rounded by a fl eshy, lobed nectary disc that is probably 
a modifi ed part of the androecium (Eames 1953, 1961). 
Ovules several or many in each carpel, anatropous, 
bitegmic (with massive, slightly vascularized outer 
integument, which is longer than the inner one), crassi-
nucellate, with nucellar cup. Female gametophyte of 
Polygonum-type. Endosperm nuclear. Embryogenesis of 
unique type: the zygote nucleus undergoes repeated free 
nuclear divisions to form a coenocyte with the nuclei 
restricted to a peripheral layer around a large central 
vacuole; wall formation proceeds centripetally and the 
proembryo becomes cellular. Fruits of follicles. Seeds 
medium-sized to large, with more or less well-developed 
dark red aril; seed coat formed by the outer integument 
(testal); embryo minute, differentiated; endosperm 
 copious. Producing phenolic substance and glycosides, 
such as paeonol, paeonoside, paeonifl orin, etc., ethereal 
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oils, fl avones, seed polysaccharides (amyloids) and 
alkaloids nearly lacking; n = 5, somewhat n = 10.

The Paeoniales are closely related to the Glaucidiales 
(Melville 1982), from which they differ by tricolporate 
pollen grains, persistent and nondecussate sepals, not 
sharply limited perianth (the phyllotactic spiral in 
Paeonia is continuous from leaves through bracts, sepals, 
petals, stamen trunks, and carpels, Eames 1961: 433), 
somewhat convex receptacle, lobed nectary disc sur-
rounding the gynoecium, the longer outer integument, 
arillate seeds, presence of ethereal cells in parenchyma-
tous tissues, long chromosomes, absence of glaupalol, 
and presence of amyloids in seeds. Both orders share a 
common origin from some ranunculalean ancestor. 
Affi nities with the Dilleniaceae seem less probable.

1. PAEONIACEAE

Rafi nesque 1815. 1/35–40. North Africa (north of 
Sahara), Europe, subtropical, temperate, and partly cold 
regions of Asia, western regions of North America.

Paeonia.

Bibliography

Barber HN. 1941. Evolution in genus Paeonia. Nature 148 
(3747): 227–228.

Camp WH and MM Hubbard. 1963. Vascular supply and struc-
ture of the ovule and aril in peony and of the aril in nutmeg. 
Am. J. Bot. 50: 174–178.

Carniel K. 1967. Über die Embryobildung in der Gattang 
Paeonia. Oesterr. Bot. Z. 114: 4–19.

Cave MS, HG Arnott, and SA Cook. 1961. Embryogeny in the 
California paeonies with reference to their taxonomic posi-
tion. Am. J. Bot. 48: 397–404.

Davezac Th. 1957. La place systematique du genre Paeonia et 
forme de jeunesse de P. lusitanica Mill. Bull. Soc. Hist. 
Natur. Toulouse 92 (3–4): 197–201.

Fedotova TA. 1988. Paeoniaceae. In: A Takhtajan, ed. 
Comparative seed anatomy, 2: 195–207. Nauka, Leningrad 
(in Russian).

Halda JJ. 1998. Notes on the observations upon the structure of 
the Paeonia seeds, fruit and roots. Acta Mus. Richnov. Sect. 
Nat. 5: 1–11.

Hiepko P. 1965. Das zentrifugale Androecium der Paeoniaceae. 
Ber. Deutsch. Bot. Ges. 77: 427–435.

Hiepko P. 1966. Zur Morphologie, Anatomie und Funktion des 
Diskus der Paeoniaceae. Ber. Deutsch. Bot. Gesell. 79: 
233–245.

Hong D-Y. 1989. Studies on the genus Paeonia. 2. The charac-
ters of leaf epidermis and their systematic signifi cance. 
Chinese J. Bot. 1: 145–154.

Hong D-Y, Z-X Zhang, and X-Y Zhu. 1988. Studies on the 
genus Paeonia. 1. Report of karyotypes of some wild species 
in China. Acta Phytotax. Sinica 26: 33–43 (in Chinese).

Kartashova NN. 1962. On the nature of the nectaries in fl owers 
of Paeonia. Trudy Bot. Inst. Akad. Nauk SSSR, 7th ser., 5: 
77–85 (in Russian).

Keefe JM and MF Moseley 1978. Wood anatomy and phylogeny 
of Paeonia section Moutan. J. Arnold Arbor. 59: 274–297.

Kumazawa M. 1935. The structure and affi nities of Paeonia. 
Bot. Mag. (Tokyo) 49: 306–315.

Mattiessen A. 1962. A contribution to the embryology of 
Paeonia. Acta Horn Berg. 20: 57–61.

Melville R. 1983. The affi nity of Paeonia and a second genus of 
Paeoniaceae. Kew Bull. 38: 87–105.

Murgai P. 1962. Embryology of Paeonia, together with discus-
sion of its systematic position. In Plant embryology: a sym-
posium, pp. 215–223. New Delhi: csir.

Nowicke JW, JL Bittner, and J Skvarla. 1986. Paeonia: Exine 
substructure and plasma ashing. In: S Blackmore and IK 
Ferguson, eds. Pollen and spores: form and function, 
pp. 81–95. Academic Press, London.

Sawada M. 1971. Floral vascularization of Paeonia japonica 
with some consideration of systematic position of 
Paeoniaceae. Bot. Mag. (Tokyo) 84: 51–60.

Schmitt E. 2000. Etude systematique de genre Paeonia L. (suite). 
Plant Montagne Rocaille 13(193): 5–6.

Serov VP. 1991. The fruit structure of the genus Clematis 
(Ranunculaceae). Bot. Zhurn. 76: 1090–1099 (in Russian 
with English summary).

Shamrov II. 1997. Ovule and seed development in Paeonia 
 lactifl ora (Paeoniaceae). Bot. Zhurn. 82: 24–46 (in Russian 
with English summary).

Stearn WT. 1946. A study of the genus Paeonia. Roy Hort. Soc. 
London.

Stebbins GL. 1938. Cytogenetic studies in Paeonia: 2 the cytol-
ogy of the diploid species and hybrids. Genetics 23: 83–110.

Tamura M. 2006. Paeoniaceae. In: K Kubitzki, ed. The families 
and genera of fl owering plants, vol. 9, pp. 265–269. Springer, 
Berlin/Heidelberg/New York.

Tank DC and T Sang. 2001. Phylogenetic utility of the glycerol-
3-phosphate acyltransferase gene: evolution and implications 
in Paeonia (Paeoniaceae). Molec. Phylogenet. Evol.19: 
421–429.

Tzanoudakis D. 1983. Karyotypes of four wild Paeonia species 
from Greece. Nord. J. Bot. 3: 307–318.

Ulubelen A. et al. 1968. Phytochemical investigation of Paeonia 
decora. Lloydia 31: 249–251.

Worsdell WC. 1908. The affi nities of Paeonia. J. Bot. 46: 
114–116.

Xi Y-Z. 1984. The pollen morphology and exine ultrastructure 
of Paeonia in China. Acta Bot. Sinica 26: 241–246 (in 
Chinese).

Yakovlev MS. 1983. Paeoniaceae. In: MS Yakovlev, ed. 
Comparative embryology of fl owering plants: Phytolaccaceae-
Thymelaeaceae, pp. 70–77. Nauka, Leningrad (in Russian).

Yakovlev MS and MD Yoffe. 1957. On some peculiar features in 
the embryology of Paeonia L. Phytomorphology 7: 74–82.

Yu J and P-G Xiao. 1987. A preliminary study of the chemis-
try and systematics of Paeoniaceae. Acta Bot. Sinica 25: 
172–179.



A. Takhtajan, Flowering Plants, 101
© Springer Science + Business Media B.V. 2009

Trees or shrubs, very rarely suffruticose herbs 
(Pachysandra). Vessels mostly with scalariform perfo-
rations. Sieve-element plastids of S-type or rarely 
(Buxales) of PCS- or Pc-type. Leaves alternate or 
sometimes opposite or verticillate, simple or less often 
pinnately compound. Stomata of various kinds. 
Flowers mostly small, in various kinds of infl ores-
cences, cyclic, bisexual or unisexual, commonly apeta-
lous and often wholly without perianth, typically 
anemophilous. Stamens (1)2-several or sometimes 
numerous, often with a prolonged connective, free, 
mostly with elongate fi laments. Pollen grains mostly 
2-celled, 3-colpate to often porate. Gynoecium apocar-
pous or more often syncarpous, sometimes pseudo-
monomerous. Ovules anatropous to orthotropous, 
bitegmic or less often unitegmic, crassinucellate. 
Endosperm cellular or nuclear. Fruits dry (dehiscent or 
indehiscent) or drupaceous. Seeds with small (some-
times very small) or more often well-developed 
embryo; endosperm present or absent. Tannins, proan-
thocyanidins, ellagic acid, and especially myricetin 
fl avonoids are common; iridoids are very rare and 
occur only in Liquidambar, Daphniphyllum, and 
Didymeles (Giannasi 1986).

The subclass Hamamelididae represents a very 
ancient line and one of the main branches of the phylo-
genetic tree of magnoliopsids. The lower Hamame-
lididae are linked to Magnoliidae via Trochodendrales 
(Takhtajan 1966, 1987; Endress 1986, 1993). There 
are also some links between the lower Hamamelididae 
and the lower Dilleniidae and Rosidae (see Ehrendorfer 
1989; Dickison 1989). However, higher members of 
the subclass are so highly specialized that they show 
no evident links with either the Dilleniidae or 
Rosidae.
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Superorder TROCHODENDRANAE

Order 30. TROCHODENDRALES

Evergreen or deciduous trees. Elongate, often branched 
idioblasts occur in the leaves and in at least some of 
the parenchymatous tissues of the stem. Secondary 
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xylem mostly of tracheids and only partly of primitive 
vessels with scalariform perforations with many bars 
(Snigirevskaya, 2000). Tracheids very long, in early 
wood with boarded scalariform pits. In late wood, 
where tracheids are narrower, they have rounded 
boarded pits. Rays heterogeneous. Axial parenchyma 
diffuse and in short tangential lines. Nodes multilacu-
nar to unilacunar (Trochodendron) or trilacunar 
(Tetracentron). Leaves alternate, simple, margin ser-
rate or serrulate, estipulate (Trocho dendraceae) or 
with stipules adnate to slender petioles (Tetra-
centraceae). Stomata encyclocytic. Flowers small, in 
racemelike aggregates or spikes, bisexual or polyga-
mous, actinomorphic or slightly disymmetric, apeta-
lous. Sepals present or absent. Stamens about 40–70 
or only 4; anthers basifi xed, tetrasporangiate, more or 
less latrorse, opening by longitudinal slits extending 
into two transversal lines at both ends, which results in 
two valves resembling transparent wings (Endress 
1986). Tapetum secretory. Micro sporogenesis simul-
taneous. Pollen grains 2-celled, small, spheroidal, 
3-colpate, tectate-columellate, rugulate-reticulate 
between the apertures but striate near the apertures, 
the apertures coarsely granulate. Gynoecium of 4–17 
laterally connate, conduplicate carpels. Stylodia free, 
with decurrent stigma, which bears unicellular papil-
lae. Ovary semiinferior; dorsal part of ovary horizon-
tally extended at anthesis, with many sunken stomata 
and nectariferous. Ovules 5–30 per carpel, pendulous, 
anatropous, apotropous, bitegmic, with long integu-
ments and a chalazal protrusion, crassinucellate; 
micropyle endostomal. Female gametophyte of 
Polygonum-type. Endosperm cellular or nuclear. 
Fruits syncarpous multifollicles (follicetum), ventri-
cidal and slightly loculicidal. Seeds small, fl at, with 
chalazal, apical, and lateral winglike extensions. The 
raphe is in the form of a ridge along the whole length 
of the seed, its vascular bundle forming a hairpin loop 
in the chalazal extension and terminating below the 
hypostase. Seed coat thin, formed by both integuments 
(endotestal and exotegmic). Embryo straight, small, 
differentiated into cotyledons, radicle, and plumule; 
endosperm copious, oily, and proteinaceous. Producing 
chalkons (Tetracentraceae), proanthocyanidins 
(Trochodendraceae), fl avonols (quercetin and kaemp-
ferol); n = 20, 24.

In many respects Trochodendrales occupy, as it 
were, an intermediate position between Magnoliidae 
and Hamamelididae, but in the totality of their 

 characters they stand nearer to the latter (Takhtajan 
1966, 1969, 1980, 1987; Cronquist 1981, 1988; 
Endress 1986, 1993). In Tetracentron all fl oral organs 
contain scattered enlarged cells resembling the “oil” 
cells that are generally present in many Magnoliidae, 
but absent in Hamamelididae. They are often more or 
less spherical as in Magnoliidae; in Trochodendron 
similar cells differentiate into sclerifi ed, branched idio-
blasts. However, in the gynoecium, at least at anthesis, 
many of these cells are not sclerifi ed and presumably 
also correspond to “oil” cells (Endress 1986: 315).

Key to Families
1 Evergreen trees forming long shoots only. Buds 

large, with many imbricate scales. Leaves closely 
clustered near the branch tips in pseudowhorls, 
obovate to broadly lanceolate, crenate serrate, cori-
aceous, pinnately veined, estipulate; petiole with an 
arc of three vascular bundles. Idioblasts sclerenchy-
matous, not secretory. Flowers bisexual or occa-
sionally polygamous, with long pedicels; in short, 
initially terminal but soon appearing axillary, 
upright racemelike structure with a terminal fl ower. 
Pedicels with bract and several bracteoles, expanded 
above into subconical torus. Sepals essentially 
absent (rudimentary tepals are recognizable in early 
ontogenetic stages of the fl ower, but they are oblit-
erated at anthesis and never function as protective 
organs, Endress 1993). Stamens 40–70, spirally 
arranged; anthers mucronate. Carpels (4-)6-11(17); 
stylodia conduplicate and deeply canaliculate ven-
trally, recurved. Ovules 15–30 per carpel. 
Endosperm cellular. Seeds 15–25 per locule, pen-
dulous, smooth, linear; seed coat endotestal-endote-
gmic, exotesta consists of one tanniniferous layer. n 
= 20.  . . . . . . . . . . . . . . . . 1. trochodendraceae.

1 Deciduous trees with slender branches bearing short 
shoots. Short shoots alternately arranged, marked 
with crowded concentric scars of fallen leaves and 
bud scales and bearing a single subterminal leaf and 
an infl orescence each year. They form sympodial 
systems with adaxial prophylls. Buds slender, with 
two outer sheathing scales. Leaves cordate-ovate, 
closely  crenate, palmately curviveined from base, 
with stipules adnate at the base of petiole; petiole 
with a single arcuate or almost cylindrical vascular 
strand. Idioblasts secretory, not sclerenchymatous. 
Flowers bisexual, actinomorphic, sessile in the axil 
of minute bract, in alternate groups of four on 
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slender, catkinlike spike. Sepals four in two decus-
sate pairs, thin and have only a  rudimentary vascu-
lar bundle. Stamens four, in two decussate pairs, 
each opposite a sepal; anthers truncate-rounded at 
the apex. Carpels four, in a cycle, alternate with sta-
mens; stylodia subulate, at fi rst connivent, later 
becoming sharply recurved and subbasal by great 
overgrowth of ventral region of each carpel. Fruits 
of four laterally coalescent carpels, these loculicid-
ally dehiscent along the entire exposed portion of 
the ventral face to base of persistent defl exed stylo-
dia. Ovules 5-8(-10) per  carpel. Endosperm nuclear. 
Seeds 5-8(-10) per  locule, faceted, linear-oblong; 
seed coat exotegmic, exotesta consists of one 
colourless layer. n = 24.  . . . 2. tetracentraceae.

1. TROCHODENDRACEAE

Eichler 1865. 1/1. From Korea to Japan, Ryukyu 
Islands, and Taiwan.

Trochodendron.

2. TETRACENTRACEAE

A.C. Smith 1945. 1/1. Eastern Himalayas (from east-
ern Nepal to Arunchal-Pradesh), northern Burma, 
southwestern and central China.

Tetracentron.
Close related to the Trochodendraceae.
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Order 31. CERCIDIPHYLLALES

Deciduous trees with branches differentiated into long 
and short shoots. Some of the cells of the parenchyma-
tous tissues containing crystals of calcium oxalate. 
Vessel elements very long, angular, with oblique sca-
lariform perforation plates that have 20–50 bars; lat-
eral pitting scanty, from opposite to scalariform. Fibers 
with conspicuously bordered pits. Rays heterogeneous. 
Axial parenchyma scanty, apotracheal. Sieve-element 
plastids of S-type, large, often surrounded by endo-
plasmic reticulum membranes. Nodes on long shoots 
trilacunar, those on short shoots unilacunar. Leaves 
simple, dimorphic, those on long shoots pinnately 
veined, elliptic or broadly ovate, entire or fi nely ser-
rate, opposite, subopposite, or occasionally in irregular 
whorls of three. However, those on sympodially grow-
ing short shoots, which develop from the axillary buds 
of long shoot leaves and have an adaxial prophyll, are 
palmately veined, broadly cordate or reniform,  crenate, 
alternate and solitary (each short shoot bears a single 
leaf in each growing season). In buds leaves are invo-
lute and have well-developed marginal glands; stipules 
present, small, adnate to the petiole and  caducous. 
Stomata anomocytic. Flowers dioecious, without peri-
anth, arranged in small, dense, racemose heads  terminal 
on the short shoot and produced before or with the 
leaves. Male infl orescences contain 16–35 stamens, 
but the individual fl owers diffi cult to delimit since 
perianth and often subtending bracts are absent. 
Stamens with long, slender, pendulous fi laments and 
long pink apiculate anthers; anthers tetrasporangiate, 
basifi xed, latrorse, opening by simple longitudinal 
slits. Tapetum secretory. Microsporogenesis simulta-
neous. Pollen grains 2–2-celled, 3-colpate, tectate- 
columellate, fi nely reticulate, with minute tectal 
perforations; the apertural exine is coarsely structured. 
Female infl orescences of 2–8 unicarpellate fl owers; 

carpels slightly stipitate, gradually narrowed to a 
 slender stylodium with a long, 2-ridged, decurrent red 
stigma that bears unicellular papillae. The ventral 
suture of each carpel is oriented abaxially with respect 
to the infl orescence axis, which is unusual. According 
to Solereder (1899) the abaxial orientation of the suture 
is due to loss of one of a pair of opposite carpels, which 
is confi rmed by paleobotanical data (Crane and Stockey 
1986). The ovary contains 15–30 ovules with the lami-
nar lateral placentation. Ovules anatropous, apotro-
pous, bitegmic, crassinucellate. Female gametophyte 
of Polygonum-type Endosperm cellular. Fruits  follicles. 
Seeds small, fl attened, with a long chalazal extension 
forming a wing that contains the ovular vascular bun-
dles forming a hairpin loop (as in Trochodendrales). 
Seed coat formed mainly by the outer integument; 
exotestal cells enlarged, slightly thickened; embryo 
large, well-differentiated into cotyledons and long 
hypocotyl; endosperm scanty, oily. Tanniniferous and 
producing both phenolics and fl avonols (quercetin and 
kaempferol). n = 19.

Although Cercidiphyllales are related to the 
Trochodendrales, particularly to Tetracentraceae, they 
differ from them markedly in several characters, such 
as dimorphic leaves, extremely congested infl ores-
cences, much more reduced dioecious and unicarpel-
late fl owers, and the presence of vessels.

1. CERCIDIPHYLLACEAE

Engler 1907. 1/2. Japan and China (Hubei, Sichuan, 
and Shaanxi).

Cercidiphyllum.
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Superorder MYROTHAMNANAE

Order 32. MYROTHAMNALES

Small, sympodially branching, ascending, rigid, xero-
phytic shrubs with an extreme poikilohydrous capacity 
(“resurrection plants”) and characterized by the pro-
duction of balsam (resin) in large, infl ated, thin-walled 
epidermal cells. Branches clearly differentiated into 
long and short shoots, and lateral branches largely 
developed as short shoots. Vessel elements long, nar-
row, angular, with oblique scalariform or reticulate sca-
lariform perforation plates, with numerous (ca. 45) 
bars; lateral pitting alternate. Fibers with bordered pits. 

Rays exclusively uniseriate and composed mostly of 
upright cells (and a few square cells), without crystals. 
Axial parenchyma absent. Sieve-element plastids of 
S-type. Ultrastructurally the chloroplasts possess a 
unique type of granum (Welburn and Welburn 1976). 
Nodes trilacunar with three traces. Leaves small, 
 opposite-decussate, with broad sheathing base,  cuneate, 
with distal part rounded and dentate, plicate and  folding 
up like a fan during the dry season, with palmately- 
fl abellate venation. The leaf bases of opposite leaves are 
fused and form a sheath that remains on the shoot after 
the leaf has abscised. Stipules intrapetiolar, small, tooth-
like. Stomata encyclocytic. Infl orescences terminal on 
short shoots, erect, spikelike, with or without terminal 
fl ower, the fl owers (or fl oral triads at the base of the 
infl orescence) opposite and subtended by foliose (the 
lowest) or bracteose, cucullate leaves, unisexual, with 
either male or female fl owers (Dahlgren and van Wyk 
1988). Flowers sessile, bracteolate or without bracte-
oles, unisexual, actinomorphic or somewhat zygomor-
phic, apetalous, with 0–4 (or more) lanceolate scales 
interpreted as “tepals” (Dahlgren and van Wyk 1988) 
(vestigial sepals?). Stamens 3–8, when 4 in  terminal 
fl owers with 4 “tepals” alternating with them. Filaments 
cylindrical, distinct or connate at the base. Anthers 
large, tetrasporangiate, basifi xed, with a  connective 
prolonged into a beak, latrorse, opening longitudinally 
almost slitlike but with a stomial bifurcation at the 
proximal end (Hufford and Endress 1989). Tapetum 
secretory. Microsporogenesis simultaneous. Pollen 
grains 2-celled, in tetrahedral tetrads, each with three 
ill-defi ned pores and intectate. The exine sculpturing 
consists of clavate columellae that are ornamented with 
minute papillae (Zavada and Dilcher 1986). Gynoecium 
of 3–4 united carpels with free, recurved, short, broad 
stylodia and enlarged, winglike, ventrally decurrent, 
marginally more or less ungulate stigma bearing unicel-
lular papillae. Ovary 3–4 - locular, with 28–32 submar-
ginal ovules in each locule. Ovules anatropous, 
bitegmic, crassinucellate, micropyle bistomal. Female 
gametophyte of Allium-type. Endosperm nuclear. Fruits 
small, leathery capsules; the carpels separating above 
and opening ventrally. Seeds numerous, small, ovoid, 
with thin, reticulate seed coat formed mainly by the 
inner integument, exotestal cells with somewhat thick-
ened outer walls. Embryo small, weakly differentiated; 
endosperm copious, oily. Plants strongly tanniniferous 
and containing ellagic acid, chalcones, fl avonols (quer-
cetin and  kaempferol), p-coumaric acid, sinapinic acid, 
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and p-hydrobenzoic acid as well as  vanillinic and syrin-
gic acids and cyanidin. Crystal druses of calcium 
oxalate are abundant in the leaves, n = 10.

Although Myrothamnus somewhat resembles the 
genus Distylium of the Hamamelidaceae (Endress 1977, 
1989), it differs from Hamamelidaceae and related fam-
ilies in many respects, including its vegetative morphol-
ogy (particularly leaf morphology and anatomy), 
uniseriate rays, absence of the axial parenchyma, pollen 
morphology, morphology of the gynoecium, female 
gametophyte of Allium-type, and copious endosperm.

It is therefore more correct to separate the Myro-
thamnaceae into an order of their own (Nakai 1943; 
Takhtajan 1987, 1997). Endress (1989: 199) has come 
to the conclusion that features Myrothamnus shares 
with Cercidiphyllum and Trochodendrales s. 1. 
“strongly point to a closer phylogenetic relationship of 
the Myrothamnaceae with the Trochodendrales than 
with the Hamamelidales, and especially with the 
Cercidiphyllaceae.” I agree that Myrothamnaceae are 
relatively closer to the Trochodendranae (Trocho-
dendrales s.1.) than to the hamamelides. However, tak-
ing into consideration so many important differences 
between Trochodendranae (including Cercidiphyllales) 
and the Myrothamnaceae, it seems more appropriate to 
consider Myrothamnales a separate superorder. The 
Myrothamnales differ from the Trochodendranae by 
their poikilohydrous capacity, leaf morphology (includ-
ing very peculiar and unique fl abellate venation), uni-
seriate rays, absence of axial parenchyma, tetradinous 
and intectate 3-porate pollen grains, Allium-type 
female gametophyte, nuclear endosperm, and septi-
cidal capsules. I consider Myrothamnanae a separate 
evolutionary lineage and a very advanced side branch 
of the phylogenetic tree of the Hamamelidae (1997).

1. MYROTHAMNACEAE

Niedenzu 1891. 1/2. Tropical Africa and South Africa 
and Madagascar.

Myrothamnus.
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Superorder HAMAMELIDANAE

Order 33. HAMAMELIDALES

Evergreen or deciduous trees and shrubs. Crystals of 
calcium oxalate usually present in some of the cells of 
the parenchymatous tissues. Vessel elements narrow 
and sometimes very long, with very oblique end walls, 
mostly with scalariform perforations that have few to 
numerous bars (more than 50 in Corylopsis and 
Exbucklandia and 50–100, sometimes 130 or even 160 
in Ostrearia lateral pitting from opposite to scalari-
form, rarely alternate. Fibers with bordered pits. Rays 
heterogeneous. Axial parenchyma apotracheal and 
typically diffuse. Sieve-element plastids of S-type with 
5–10 starch grains. Nodes trilacunar to pentalacunar. 
Leaves alternate, simple, often palmately lobed, pin-
nately or palmately veined, stipulate. Stomata para-
cytic. Flowers in infl orescences of various types, of 
medium size or small, bisexual, polygamous or 
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 unisexual, actinomorphic or rarely zygomorphic, with 
double perianth or seldom apetalous, sometimes with-
out perianth or with perianth extremely reduced. Sepals 
(3)4-5(-10), small, distinct or more often more or less 
connate, sometimes very reduced or lacking. Petals 
usually 4–5, commonly small or narrow, sometimes 
wanting. Stamens (3)4-5 (up to 10), in one cycle, alter-
nating with petals or staminodia, or sometimes more 
numerous (up to 32) and initiated in centripetal or cen-
trifugal sequence. Anthers frequently with a shortly 
prolonged connective, mostly tetrasporangiate, 
latrorse, opening by two valves like two window shut-
ters (Endress 1986, 1989a, 1993; Hufford and Endress 
1989). Only in fi ve genera of tribe Hamamelideae do 
the thecae open by a single valve that serves both 
 pollen sacs (Endress 1989b). Tapetum secretory. 
Microsporogenesis simultaneous. Pollen grains 
2-celled, from 3-colpate to pantoporate and pantocol-
pate, tectatecolumellate, reticulate. Gynoecium of 2 or 
less often 3-8(9) carpels, or more frequently united at 
the base; stylodia always free, with decurrent stigma. 
Each locule and each free carpel mostly with one 
ovule, less often two ovules, and in each locule of syn-
carpous gynoecia sometimes more. Ovules anatropous, 
more or less pendulous, bitegmic, crassinucellate. 
Endosperm cellular (Parrotiopsis) or nuclear. Fruits of 
small achenes, or woody capsules with a leathery exo-
carp and a bony endocarp. Seed coat formed mainly by 
the outer integument; embryo long, straight; endosperm 
copious to scanty, oily, and proteinaceous. More or 
less tanniniferous, producing phenolics fl avonols 
(quercetin, kaempferol, and frequently also myricetin) 
and also iridoid compounds.

This order in many ways serves as a connecting link 
between Trochodendrales on the one hand and the 
“amentiferous” orders Casuarinales, Fagales, etc., on 
the other. The order Hamamelidales is evidently derived 
from an immediate ancestor of Trochodendrales.

Key to Families
1 Pollen grains commonly 3-colpate, seldom pantocol-

pate (Matudaea), 4-colpate to pantoporate (Distyilum) 
or pantoporate (Sycopsis). Petioles with a trough-
shaped or cylindrical vascular strand. Resin ducts 
absent (except Mytilaria, which has resin canals in 
the pith of stem). Flowers small, bisexual, in some 
genera bisexual and male, rarely unisexual 
(Fortunearia, Sinowilsonia). Sepals usually imbri-
cate. Petals present or absent, when present (2-)4, or 

5, gamopetalous, valvate. Stamens 4–32; anthers bas-
ifi xed, introrse, tetrasporangiate or rarely (Hamamelis) 
disporangiate, opening by pores, or by short or longi-
tudinal slits, of by longitudinal valves, usually append-
ages. Carpels two or rarely three, small or medium; 
ovary more or less inferior, ovules mostly solitary, 
sometimes 6–15; outer integument 6–7 cells across, 
micropyle zig-zag. Fruits loculicidal and  septicidal 
capsules with woody exocapr and horny endocarp. 
Seeds winged or wingless, with thick, hard, and con-
spicuous testa, consisting of fi berlike cells and form-
ing the main protective part of the seed coat; hilum 
large. The tegmen does not contribute to the construc-
tion of the mature seed coat; only the inner epidermis 
persists; the nucellus persists in ripe seed; endosperm 
oily; embryo straight. Trees or shrubs, often with 
stellate indumentum. Vessels with scalariform or sca-
lariform and reticulate perforation. Vestured pits pres-
ent. Nodes pentalacunar with fi ve traces. Leaves 
dissected or entire, often palmatifi d. Contain fl avonols 
kaempferol,  quercetin, and myricetin, producing 
C-glycosylfl avones, sometimes (Corylopsis) ellagic 
acid.. . . . . . . . . . . . . . . . . . . . . . 1. hamamelidaceae

1 Pollen grains always pantoporate, the pores circu-
lar, often with islands of ectexine on the pore mem-
brane. Petioles with 3–5 vascular bundles. Resin 
ducts present in roots, stem, leaves, and fl oral 
organs. Flowers in terminal racemes (male) or in 
globular heads. Perianth sepaline or vestigial, absent 
in male fl owers, or 12–50 minute lobes or scales in 
female fl owers. Stamens 12–50, anthers opening by 
longitudinal slits or valves. Staminodes 3–10. 
Carpels 2; ovary inferior, 2-locular. Ovules 20–50 
per locule, horizontal. Fruit a septicidal capsule. 
Seeds small, winged; the wing formed by the longi-
tudinal elongation and fl attening of the integument 
around the micropyle; the ripe seed with the 2-celled 
thick testa, but the protective part of the seed coat 
contributed by the outer epidermis of the inner 
integument with lignifi ed and fi brous cells; the 
nucellus does not persist in ripe seed; endosperm 
slight, embryo long. Large, monoecious, deciduous 
trees. Vessels without vestured pits. Leaves ovate, 
palmatifi d or tricuspidate, entire, serrate, or dentate; 
domatia (Liquidambar) presented by pockets, or 
hair tufts. Iridoids detected (Liquidambar), present 
proanthocyanidins (cyanidin and delphinidin), fl a-
vonols (quercetin and myricetin), and ellagic acid, 
n = 15, 16  . . . . . . . . . . . . . . . . . . 2. altingiaceae
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1. HAMAMELIDACEAE

R. Brown 1818 (including Disanthaceae Nakai 1943, 
Exbucklandiaceae Reveal et Doweld 1999, 
Fothergillaceae Nuttall 1818, Parrotiaceae Horaninow 
1834, Rhodoleiaceae Nakai 1943). 28/100-110. 
Tropical and South Africa, Madagascar, southeastern 
Transcaucasia, northern Iran, western and eastern 
Himalayas, Assam, Manipur, eastern Asia and 
Southeast Asia, New Guinea, northeastern Australia, 
eastern North America, and Central America.

1.1 DISANTHOIDEAE
Leaves suborbiculate, cordate or truncate at the base, 
entire, palmately 5-nerved. Stipules scarious, linear, 
caducous. Flowers two in a head, with short bracts at 
the base, bisexual, entomophilous. Perianth present, 
petals fi ve, circinate in bud, fl abellate, stellately spread-
ing. Anthers opening by simple longitudinal slits. Each 
locule with about fi ve ovules; ripe locule with 4–5 
seeds. Seeds not ejected out of capsule, n = 8, chromo-
somes the largest in the family and nuclei similar to the 
Tetrameranthus type (Morawetz and Samuel 1989). – 
Disanthus (1 sp. in eastern China and Japan).

1.2 HAMAMELIDOIDEAE
Leaves mostly ovate, sometimes cordate, pinnately 
veined, entire or toothed. Stipules mostly small, com-
monly caducous. Stellate hairs present. Flowers  usually 
in spikes or heads, commonly bisexual entomophilous or 
anemophilous. Perianth mostly present, but petals often 
lacking. Each locule mostly with 1 ovule, rarely with one 
fertile and two sterile; ripe locule with one seed. Fruit 
with ballistic dispersal. The seeds ejected at maturity, 
n = 12. – hamamelideae: Hamamelis, Loropetalum, 
Tetrathyrium, Maingaya, Embolanthera, Dicoryphe, 
Trichocladus, Ostrearia, Neostrearia, Noahdendron; 
corylopsideae: Corylo psis; eustigmateae: Eustigma, 
Fortunearia, Sinowil sonia; fothergilleae: 
Molinodendron, Fothergilla, Parrotiopsis, Shaniodendron, 
Parrotia, Sycopsis, Distyliopsis, Distylium, Matudaea.

I.3 EXBUCKLANDIOIDEAE
Leaves ovate, often tricuspidate, mostly cordate, pal-
mately veined. Stipules mostly large and covering sub-
sequent bud. Flowers aggregated in dense spikes, 
bisexual. Perianth present or absent. Each locule with 
5–8 ovules. The seed not ejected, n = 8–12. — 
Exbucklandia, Mytilaria, Chunia.

1.4 RHODOLEIOIDEAE
Leaves ovate, rarely cordate, entire, pinnately veined, 
vestigially stipulate. Infl orescence a pseudanthium of 
strongly zygomorphic fl owers. Flowers bisexual, 
 ornitophilous. Perianth present. Each locule with 1–2 
fertile ovules plus 10–20 sterile ones; ripe locule with 
2 or more seeds. Seeds not ejected, n = 12. — Rhodoleia 
(1–10 spp. in eastern Asia and Malesia).

Disanthoideae are in general the least specialized 
subfamily (Takhtajan 1980, 1987, 1997; Cronquist 
1981; Wolfe 1989; Pan et al. 1991) while Rhodoleioideae 
are the most specialized.

2. ALTINGIACEAE

Horaninow 1841. 3/17. Eastern Mediterranean (islands 
of the Aegean Sea-Rhodes and Cyprus), eastern 
Himalayas (Bhutan and Assam), continental China, 
Taiwan, Southeast Asia, eastern and northeastern 
North America, northeastern Mexico, and Central 
America to Costa Rica.

Liquidambar, Altingia, Semiliquidambar.
Usually included in the Hamamelidaceae, but the 

combination of characteristics “sets the subfamily quite 
apart from the rest of the family” (Bogle 1986: 328). 
Although specifi c characteristics, including resin ducts 
and periporate pollen grains, do occur in certain genera 
of the other subfamilies (Bogle 1986), in general the 
Altingiaceae are so distinct that they deserve the status 
of a separate family. Chemistry also underscores 
Altingiaceae’s distinctive nature (Ferguson 1989).
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Order 34. DAPHNIPHYLLALES

Evergreen, dioecious trees and shrubs, all parts gla-
brous. Vessels with scalariform perforations that have 
20–100 or more thin bars; lateral pitting from opposite 
to scalariform. Fibers with bordered pits. Rays hetero-
geneous, 1–2 cells wide. Axial parenchyma scanty 
paratracheal and diffuse. Sieve-element plastids of 
S-type, containing about fi ve globular starch grains. 
Leaves alternate, rarely opposite, long-petiolate, some-
times densely crowded at the end of branches and 
appearing almost verticillate, simple, entire or revo-
lute, usually glaucous and papillate beneath, with pin-
nate venation, estipulate. Stomata paracytic. Flowers 
small, in axillary or rarely subterminal racemes, uni-
sexual, actinomorphic, apetalous, subtended by a 
deciduous bract. Sepals (2)3–6, small, more or less 
connate, imbricate, caduceus or persistent, sometimes 
wanting. Stamens (5)6-12(14), free or coherent at apex, 
subsessile or with long fi laments. Anthers large, oblong, 
tetrasporangiate, basifi xed, latrorse, opening longitudi-
nally, commonly with shortly prolonged  connective. 
Tapetum secretory. Microsporogenesis simultaneous. 
Pollen grains 2-celled, 3–4- colpate, tectate- columellate, 
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psilate to verrucate, microperforate. Female fl owers 
often with staminodia. Gynoecium of two or rarely 
four (very rarely more) united carpels; stylodia con-
nate only at the base, short, broad, divaricate, recurved 
or circinate, with papillate, decurrent stigma. Ovary 
imperfectly 2(-4)-locular, with two more or less apical, 
pendulous ovules in each locule. Ovules anatropous, 
epitropous, with ventral raphe, bitegmic, crassinucel-
late, micropyle zig-zag. Female gametophyte of 
Polygonum-type. Endosperm cellular. Fruits 1(2)-
seeded drupes with stony endocarp, often with persis-
tent stylodia and staminodia. Seeds endotegmic 
(Bhatnagar and Kapil 1982), seed coat persistent but 
thin-walled and crushed, or endotegmen tanniniferous, 
walls thickened; embryo minute, straight, apical; 
endosperm copious, oily, and proteinaceous, and 
perisperm containing protein crystals. Flavonols are 
common to Daphniphyllum (apigenin and luteolin), as 
well as the iridoids glucosides – asperuloside and 
daphniphyloside, and unique diterpene alkaloids 
(daphniphylline), myricetin, and probably proantho-
cyanidins (Hegnauer 1997), n = 16.

Recent studies of wood anatomy and phytochemes-
try indicate that Dapyhniphyllaceae have a close affi n-
ity with Hamamelidaceae and Buxaceae.

1. DAPHNIPHYLLACEAE

Müller Aargau 1869. 1/c.30. Southwestern India (west-
ern Gats), Sri Lanka, Himalayas, southern Tibet, Assam 
(Khassia Hills), eastern Asia and Southeast Asia.

Daphniphyllum.
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Order 35. BALANOPALES

Evergreen trees or shrubs. Young shoots often with 
caducous unicellular hairs. Vessel elements elongate, 
with scalariform reticulate or scalariform perforations 
that have 10–33 thin bars, or some of them with simple 
perforations; lateral pitting from alternate to nearly 
opposite. Fibers thick-walled, pits with small or vesti-
gial borders. Rays heterogeneous. Axial parenchyma 
usually scanty, diffuse. Sieve-element plastids of S-type 
with up to ten medium-sized, globular starch grains. 
Each shoot with minute scale leaves proximally and 
normal leaves distally. Nodes trilacunar. Leaves alter-
nate, the normal leaves scattered or crowded distally 
and subverticillate, simple, pinnately veined, the mar-
gins recurved and toothed to subentire; stipules vesti-
gial, represented by a pair of minute teeth. Stomata 
laterocytic or laterocytic and encyclocytic. Flowers 
small, inconspicuous, dioecious, with vestigial or no 
perianth, anemophilous. Male fl owers in small axillary 
catkinlike infl orescences, much reduced, but often with 
pistillodia. Stamens (1-) 5-6(-14); anthers nearly  sessile, 
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2-locular, opening longitudinally by lateral slits, 
 sometimes with shortly protruded connective. Pollen 
grains 3–5-colpate, tectate-granular to columellate, 
microperforate, ornamented with small spinules. 
Female fl owers solitary, subsessile or short-pedicellate 
in the axils of scale leaves, without staminodia. 
Gynoecium surrounded by numerous, spirally arranged 
bracts, of two or three united carpels; stylodia connate 
at the base and deeply bipartite and sometimes forking 
again. Ovary 2–3-locular, frequently imperfectly (parti-
tions not reaching the top of the ovary), with two nearly 
basal ovules in each locule or on each placenta. Ovules 
anatropous and intermediate between apotropous and 
epitropous, bitegmic, outer integument 5–7 cells across, 
weakly crssinucellate with a funicle forming an obtura-
torlike outgrowth toward the micropyle; the two ovules 
of a carpel are curved away from each other (Sutter and 
Endress 2003). Fruits drupaceous, with thin, fl eshy 
pericarp, subtended at the base by a persistent involucre 
of numerous imbricate, concrescent bracts, and con-
taining two or three oneseeded pyrenes. Seeds large, 
with a fairly large, straight, green embryo surrounded 
by a very thin layer of endosperm, n = 20(21).

Hallier (1908, 1912) included Balanops in his 
Hamamelidaceae s.l. The Balanopales are much nearer 
the Hamamelidales and Daphniphyllales and probably 
have common origin with the Daphniphyllales from a 
hamamelidalean stock.

1. BALANOPACEAE

Bentham et J. W. Hooker 1880. 1/9. Tropical Australia, 
New Caledonia, Vanuatu, Fiji.

Balanops.
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Order 36. BUXALES

Evergreen, glabrous or pubescent trees, shrubs, sub-
shrubs, or perennial herbs. Vessel with scalariform 
perforations, with 6–25, rarely 30 bars. Lateral pitting 
opposite to alternate. Fibers with large or small bor-
dered pits. Rays heterogeneous. Axial parenchyma 
apotracheal, commonly diffuse, or lacking. Leaves 
alternate or opposite simple, entire or coarsely toothed, 
mostly pinnately veined, without stipules. Stomata 
 laterocytic or less often encyclocytic (and also of 
intermediate type), sometimes anomocytic. Flowers 
usually in spikes, racemes, panicles, or heads, bracte-
ate, nearly always unisexual, apetalous. Sepals mostly 
4 or wanting. Stamens two, or four, seldom six or 
more; fi laments free or basally connate, often broad, 
long or short. Anthers large, basifi xed, tetrasporan-
giate, sometimes sessile, introrse or extrorse, opening 
longi tudinally. Tapetum secretory. Microsporogenesis 
simultaneous. Pollen grains 2-celled, reticulate. 
Vestigial gynoecium in male fl owers present (Buxaceae) 
or absent. Gynoecium of 1 (Didymelaceae), 2 or 2–3 
united carpels with free or rarely basally shortly con-
nate stigma, which is decurrent or nearly so, more or 
less broad, commonly with a median furrow, and pap-
illose. Ovary 1-locular (Didymelaceae), 3- or 2- locular, 
with one or two pendulous ovules in each locule. 
Ovules anatropous, hemitropous, or campylotropous, 
apotropous (with a dorsal raphe), bitegmic, crassinu-
cellate. Female gametophyte of Polygonum-type. 
Endosperm cellular (Naumova 1981). Fruits loculi-
cidal, elastically dehiscent capsules or drupaceous. 
Seeds carunculate or not, embryo straight or curved, 
short to long, with thin and fl at cotyledons. Endosperm 
copious. Present steroidal alkaloids and iridoids.

The Buxales in many respects resemble 
Hamamelidales and related orders.

Key to Families
1 Stamens four, rarely six or more (6–30). Trees, 

shrubs, or (Pachysandra) rhizomatous, procumbent 
perennial herbs or subshrubs. Hairs simple, usually 
unicellular; cuticle waxes as curled rodlets or irreg-
ular platelets. Secretory cells are scattered in the 
parenchymatous tissues or arranged in long, branch-
ing rows. Vessel elements very short or rarely very 
long (Styloceras), nearly always with scalariform 
perforations, with not less than 20 bars, but usually 
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with 30 or more in Styloceras, Pachysandra, and 
Sarcococca. Lateral pitting commonly opposite, 
less often intermediate between opposite and sca-
lariform with a  tendency to scalariform. Fibers with 
large and evidently bordered pits (Styloceras) or 
more often with obscurely bordered pits. Rays with 
elongate (Styloceras) or more often short ends. 
Axial parenchyma apotracheal, commonly diffuse. 
Sieve-element plastids of P-type with rather pecu-
liar characteristics (pc or Pcs), which contains a 
central globular protein crystal (Behnke 1982, 
1989). Nodes trilacunar with three traces. Leaves 
 alternate (Pachysandra, Sarcococca, and Styloceras) 
or opposite (Buxus and Notobuxus), simple, entire 
or coarsely toothed (Pachysandra), mostly pin-
nately veined; leaf mesophyll cells contain oil bod-
ies. Stomata laterocytic or less often encyclocytic 
(and also of intermediate type), sometimes anomo-
cytic. Flowers in  axillary or terminal spikes or dense 
racemes or heads, bracteate, small, actinomorphic, 
nearly always uni-sexual, monoecious or seldom 
dioecious (partly in Styloceras) or rarely a few of 
them bisexual. Sepals mostly four, basally connate, 
seldom wanting. Stamens typically four and oppo-
site calyx lobes, seldom six (Notobuxus) or more 
(6–30 in Styloceras); fi laments free, often broad, 
long or short. Anthers large,  basifi xed, seldom ses-
sile or nearly sessile (Notobuxus, Styloceras), 
introrse. Pollen grains 2-celled, pantoporate, tri- 
polycolpate (Buxeae), reticulate. Gynoecium of 2 
or 2–3 (Sarcococca and Styloceras) united carpels 
with free or rarely basally shortly connate stigma, 
which is decurrent, more or less broad, commonly 
with a median furrow, and papillose. Ovary 3- or 
2-locular, with two ovules in each locule, but only 
one ovule develops into a seed (von Balthazar and 
Endress 2002); primary locules divided into unio-
vulate locelli in Pachysandra and Styloceras. 
Ovules anatropous or campylotropous, apotropous 
(with a dorsal raphe), provided with an obturator at 
least in Buxus and Sarcococca. Fruits loculicidal, 
elastically dehiscent capsules or drupes (Sarcococca 
and Styloceras). Seeds black or dark brown, shin-
ing, carunculate or not, in Buxus and Notobuxus 
with small funicular aril. Seed coat formed by the 
outer integument (exotestal- mesotestal), exotesta 
lignifi ed, palisade, hypodermis often lignifi ed; 
embryo straight or curved, short to long, with thin 
and fl at cotyledons. Endosperm copious, fi rm, oily; 

mature seeds of Sarcococca also have perisperm. 
Contain steroidal alkaloids, which are derived from 
triterpenoids n = 10, 12–14, 27.  . . . . 1. buxaceae

1 Stamens two. Dioecious, trees; hairs small, peltate. 
Calcium oxalate druses present. Vessels with sca-
lariform perforations with 6–25 bars; thin lateral pit-
ting opposite to alternate. Fibers with small bordered 
pits. Axial parenchyma lacking, replaced by ligni-
fi ed cells. Non-xylem tissues of bark, stem, and 
leaves with  abundant coarse, short fi bers. Leaves 
alternate,  leathery, simple, entire, petiolate, pin-
nately veined, estipulate, but petiole urceolate at the 
base. Stomata encyclocytic. Flowers in axillary 
racemes or panicles, small,  pedicellate, bracteate, 
without perianth. Male fl owers in open panicles, 
subtended by 0–2 scales. Stamens with very short 
fi laments, connate; anthers cuneate, 2- locular, 
extrorse. Pollen grains 3- zonocolporate with 2-orate, 
operculate colpi, tectatecolumellate, reticulate. 
Female fl owers in racemes, paired, solitary or in 
threes,  apetalous, usually with 1–4 scale-like sepals, 
interpretable as bracts or sepals. Gynoecium of one 
carpel, the carpel is slightly defl ected abaxially; 
ovary superior, 1-locular. Stigma sessile or elevated 
on a very short  stylodium, broad, oblique (subdecur-
rent), with a median furrow, very papillose. Ovule 
solitary, pendulous from the adaxial wall, hemitrop-
ous, epitropous, with the integuments prolonged at 
the apex into a more or less elongate collar; occa-
sionally an additional, rudimentary ovule is present 
in lateral position (von Balthazar et al. 2003); a little 
scale presents between the ovule and the bract. Fruits 
large, fl eshy, globous drupaceous, with a lateral 
groove and with persistent stigma and style. Seed 
pendulous, reniform; endosperm copious; embryo 
large, straight, with thick cotyledons. Produce iri-
doids and highly distinctive steroidal alkaloids 
(Sutton 1989). . . . . . . . . . . . . . . . 2. didymelaceae

1. BUXACEAE

Dumortier 1822 (including Pachysandraceae J. Agardh 
1858, Stylocerataceae Baillon ex Reveal et Hoogland 
1990). 5/80-100. Tropical and southern Africa and 
Madagascar (Notobuxus); Socotra; northeastern Africa; 
from the western Mediterranean to the Caucasus and 
northern Iran; Afghanistan; Himalayas; southern,  eastern, 
and Southeast Asia; and North, Central, and South 
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America. Sarcococca (11) in Asia from Afghanistan, 
south and east through India, Sri Lanka, China, and 
Thailand to Sumatra and Java. Pachysandra has one 
North American and three eastern Asian  species. 
Styloceras (4) occurs in western tropical America.

stylocereae: Styloceras; sarcococceae: Sarco-
cocca; pachysandreae: Pachysandra; buxeae: 
Buxus, Notobuxus.

2. DIDYMELACEAE

Leandri 1937. 1/2. Madagascar.
Didymeles.
Close related to Buxaceae. Presence of steroidal 

alkaloids in both Buxus and Didymeles suggests a close 
affi nity between Buxaceae and Didymelaceae. Twelve 
of these aminopregnane and conane alkaloids have 
been isolated from the Buxaceae and a similar number 
from Didymeles (Hardman 1987).
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Order 37. FAGALES

Trees or rarely shrubs, evergreen or deciduous. Buds 
covered with imbricate scales or very rarely naked. 
Vessels with scalariform and simple or more often only 
simple perforations; lateral pitting opposite, intermedi-
ate or alternate. Fibers with bordered or simple pits. 
Rays homogeneous or slightly heterogeneous. Axial 
parenchyma diffuse or in thin bands. Sieve-element 
plastids of S-type and contain nondispersive P-protein 
bodies. Nodes trilacunar. Leaves alternate or very rarely 
verticillate in whorls of three, simple, pinnately veined, 
entire to deeply lobed, crenate; stipules present, 
 commonly caducous. Stomata anomocytic and/or 
encyclocytic. Flowers small, inconspicuous, usually 
unisexual, monoecious or rarely dioecious, apetalous, 
anemophilous or secondary entomophilous, in vari-
ously modifi ed and frequently very reduced dichasia, 

which are often arranged in “catkins” with the dichasia 
sometimes reduced to solitary fl owers. Male fl owers in 
more or less reduced dichasia that are arranged into 
catkins or sometimes small heads (1–3 axillary  dichasia 
in Nothofagus). Sepals (4-)6(-9), scalelike, imbricate, 
more or less connate or calyx very reduced and 
 sometimes completely absent. Stamens (4)6–12(-90); 
 fi laments fi liform, mostly free; anthers tetrasporan-
giate, dorsifi xed or basifi xed, opening longitudinally. 
Tapetum secretory. Microsporogenesis simultaneous. 
Pollen grains 2-celled, from 3-colpate to 2–7-porate. 
Pistilodia sometimes present. Female fl owers 1–7-(-15) 
at base of male infl orescences or in separate axils, 
 individually or collectively subtended, surrounded or 
completely covered by an involucre that develops into 
a cupule, an integrated dichasial infl orescence, in which 
the outer (ultimate order) axes of the dichasium are 
modifi ed into cupule valves. In a few species of 
Nothofagus from New Guinea the cupule is reduced to 
two minute loose fl aps or may even be entirely absent. 
Staminodia  present or absent; gynoecium of 2(3) or 
sometimes 6–9 or more (up to 15 in Lithocarpus) united 
carpels, with  distinct or nearly distinct stylodia. Ovary 
inferior, with as many locules (at least in the lower 
part) as carpels and two pendulous ovules in each 
 locule. Ovules  anatropous to hemitropous, bitegmic or 
seldom  unitegmic, crassinucellate. Female gameto-
phyte of Polygonum-type. Fertilization chalazogamous. 
Endosperm nuclear. Fruits 1-seeded nuts subtended by 
accrescent cupule. Seeds with large embryo and with-
out endosperm. Strongly tanniniferous, with gallic acid 
and also proanthocyanins and fl avonols (quercetin and 
less frequently kaempferol). Crystals of calcium oxalate 
commonly present in some of the cells of the parenchy-
matous  tissues, n = 11, 12, 13, 14.

Most probably derived directly from some ancient 
hamamelidalean stock. From the Hamamelidales and 
related orders, this order differs sharply in its highly 
specialized dichasial infl orescences, its very reduced 
fl owers, and in its chalazogamy.

Key to Families
1 Ovules bitegmic. Sclereid nests with rhomboidal 

crystals in bark. Male fl owers borne in aments or 
small dichasial heads, or the fl ower clusters dis-
tributed along a branching axis. Anthers dorsifi xed 
or subbasifi xed, without a well-developed connec-
tive extension. Pollen grains 3-colporate, tectate-
columellate, striate, scabrate, or rugulate. 
Gynoecium of (2)3–6(-15)  carpels. Fruits nut-like; 
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endocarp hairy inside. Leaves without large multi-
cellular peltate foliar glands; stipules never 
 peltately attached, insertion not  surrounded by 
 sausage-shaped resinous colleters. n = 12, 13 and 
11 (Trigonobalanus). . . . . . . . . . . . . 1. fagaceae

1 Ovules unitegmic. Male fl owers in axillar clusters 
of (2)3 or solitary in the axils. Anthers basifi xed 
with a well developed connective extension. Pollen 
grains (3)4-9(10)-colpate, tectate-granular, spinu-
late. Gynoecium of 2–3 carpels. Leaves with large 
multicellular glands (missing in two species); 
stipules mostly peltately attached, very rarely ligu-
late, insertion surrounded by sausageshaped resin-
ous colleters. n = 13. . . . . . . . . 2. nothofagaceae

1. FAGACEAE

Dumortier 1829 (including Castaneaceae Adanson 
1763, Quercaceae Martynov 1820). 9/c.1000. 
Temperate to tropical regions of the Northern 
Hemisphere, in Southeast Asia crossing the equator.

1.1 QUERCOIDEAE
Male infl orescences spikelike, composed of 2- or 
3-fl owered dichasial clusters or of solitary fl owers; 
female fl owers solitary or in few fl owered spikes. 
Stylodia generally fl attened, often dilated above, with 
shortly decurrent or subcapitate stigma. Male fl owers 
without pistillodia. Stamens six; anthers large, more or 
less basifi xed. Fruit rounded in transverse section. 
Cupule open, containing 1 fruit, not lobed. – Quercus.

1.2 TRIGONOBALANOIDEAE
Infl orescence spikelike; male fl owers in dichasial clus-
ters of (1)3-7(-12), female fl owers in dichasial clusters 
of (1-)3-7(-15). Stylodia recurved or connate at the 
base with the subcapitate bilobed stigma. Male fl owers 
with a pistillodium. Stamens six, anthers large, ovoid, 
cordate at the base, subdorsifi xed near the base. Fruit 
trigonous in transverse section. Cupules open, contain-
ing 1–7 fruits, 3–12-lobed. – Trigonobalanus, 
Colombobalanus, Formanodendren.

1.3 CASTANEOIDEAE
Infl orescence spikelike, composed of condensed dicha-
sial clusters or of solitary fl owers. Stylodia with  minute 
and punctiform stigma. Male fl owers usually with 
 pistillodia. Stamens usually 12; anthers minute, dorsi-
fi xed or versatile. Cupule open or enclosing the fruits, 

containing one or several fruits, lobed or not. – 
Lithocarpus, Castanopsis, Chrysolepis, Castanea.

1.4 FAGOIDEAE
Male infl orescences spikelike, composed of solitary 
 fl owers or dichasial clusters of two or three fl owers. 
Male fl owers without pistillodia. Female fl owers in 
2–4- fl owered clusters in axils of leaves. Stylodia 
 slender, recurved, stigmatic toward the apex. Stamens 
8–16 (up to 40), anthers large, basifi xed. Fruits 
sharply  triangular. Cupule open, containing (1-)2-4 fruits, 
4-lobed. – Fagus.

2. NOTHOFAGACEAE

Kuprianova 1962. 1/37. From southern South America 
(including Staten Island) beyond 33° S to New Zealand, 
Tasmania, eastern Australia, New Caledonia, New 
Guinea, and the adjacent D’Entrecasteaux Islands of 
Goodenough and Normandy, and New Britain.

Nothofagus.
Share important apomorphic features with both 

Fagaceae-Fagoideae and Corylaceae. Derived similari-
ties between Nothofagus and the Corylaceae include 
unitegmic ovules, glabrous locule cavity, compound 
leaf teeth, perorate pollen, and distichous phyllotaxy 
(Crane 1989). But Nothofagus differs from both of 
them in its unique chromosome number of n = 13, pel-
tate stipules (in most species), stipular colleters, and 
pollen morphology. According to Jones (1989: 252), 
the known fossil record suggests that the Nothofagaceae 
evolved from the primitive fagalean complex in the 
Southern Hemisphere (probably in southern Australia 
or Antarctica) while the Fagaceae sensu stricto evolved 
from representatives of the same complex in the 
Northern Hemisphere.
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Order 38. BETULALES (CORYLALES)

Deciduous or (Ticodendron) evergreen trees and shrubs 
with branchlets sometimes differentiated into long and 
short shoots. Bark close or exfoliating in thin layers, 
often marked with prominent lenticels. Buds naked or 
covered with two valvate, stipular scales or with few to 
many imbricate scales. Vessels with scalariform or 
simple perforations; lateral pitting scalariform 
(Ticodendron), opposite (Alnus) or alternate. Fibers 
with bordered pits. Rays heterogeneous to homoge-
neous. Axial parenchyma diffuse or terminal. Sieve-
element plastids of S-type. Nodes trilacunar. Leaves 
alternate, spirally arranged or distichous, simple, peti-
olate, serrate, abaxially sometimes covered with resin-
ous glands, pinnately veined, with free, deciduous 
stipules. Stomata anomocytic. Flowers small, incon-
spicuous, unisexual, monoecious or dioecious, with 
reduced perianth or naked. Stamens (1)4-10; anthers 
tetrasporangiate, basifi xed (Ticodendron) or dorsifi xed, 
opening longitudinally. Tapetum secretory. Micro-
sporogenesis simultaneous. Pollen grains 2-celled, 
3(-7)-porate, with microperforate tectum. Gynoecium 
of 2(3) united carpels with free or nearly free stylodia; 
ovary inferior, 2(3)-locular, with 1–2 pendulous ovules 
per locule. Ovules anatropous, hemitropous (Duschekia 
and Ticodendron) or campylotropous (Corylus), epitro-
pous, unitegmic or (Carpinus) bitegmic, crassinucel-
late. Female gametophyte of (Polygonum-type). 
Fertilization chalazogamous (at least in Betulaceae 
and Corylaceae). Endosperm nuclear. Fruits nuts or 
(Ticodendron) drupes. Seeds with very thin seed coat, 
large embryo, and thin layer of endosperm.

Very closely related to the Fagales, especially to the 
Nothofagaceae and probably had a common origin 
with them.

Key to Families
1 Deciduous trees and shrubs. Flowers monoecious, in 

pendulous or erect catkins, consisting of reduced 
3-fl owered cymules, or reduced to compact clusters 
of several minute fl owers. Male fl owers with very 
small scalelike sepals or without sepals. Anthers dor-
sifi xed, extrorse. Pollen grains 3(-7)-porate, minutely 
scabrate to slightly rugulate, tectate-granular, 
although columella-like structures often present in 
the infratectal layer. Female fl owers without sepals 
with 2–3 bracts. Ovary 2(-3)-locular below, 1-locular 
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above; stylodia stigmatic above. Ovules 1–2 per loc-
ule. Infructescences with woody or scaly bracts or 
with leafy bracts. Fruits nuts, small, compressed, lat-
erally winged (the wings sometimes reduced to 
ridges), or not winged, not enclosed in the foliaceous 
involucre. Hairs peltate glandular. Producing fl a-
vones, n = 8, 11, 14.  . . . . . . . . . . . . . 1. betulaceae

1 Evergreen trees. Hairs T-shaped, unicellular. Stipules 
encircling the stem. Flowers dioecious or less often 
polygamodioecious. Male infl orescences long, sim-
ple or branched, sometimes crowned by a solitary 
female fl ower. Stamens many, arranged in 2–4 verti-
cels surrounded by three deciduous bracts; fi laments 
2–3 mm long. Anthers oblong, geminate, basifi xed, 
the connective with an apiculate appendage, open-
ing longitudinally. Pollen grains 3-porate with 
slightly aspidote pores, tectate-columellate with 
spherical coarse sporadic granules. The tectum tra-
versed by narrow channels, minutely spinulate. 
Female cymule of solitary fl ower, surrounded by 
three early deciduous bracts. Gynoecium of two car-
pels; ovary included in the calyx tube, 4-locular, 
with one ovule per locule; ovules hemitropous, 
unitegmic. Stigmas two, long. Fruits drupaceous. 
Exotestal cells initially radially elongated, all cells 
more or less  thick-walled and tanniniferous. Vessels 
with scalariform  perforations with mean number per 
perforation 62; lateral pitting scalariform, less com-
monly transitional or opposite. Fibers with fully 
bordered pits. Rays heterogeneous. Axial paren-
chyma diffuse, n = 13.  . . . . . . 2. ticodendraceae

1. BETULACEAE

Gray 1822 (including Carpinaceae Vest 1818, Corylaceae 
Mirbel 1815). 7/140. Northern temperate regions and 
Andes of South America, Carpinus (35) reaches Central 
America, Ostryopsis (2) is endemic to China.

1.1 BETULOIDEAE
Male fl owers with very small scalelike sepals, female 
fl owers without sepals, 2–3 per bract. Infl orescences 
composed of small, crowded, woody, or coriaceous 
scales. Infructescences with woody or scaly bracts. 
Fruits small, compressed, laterally winged (the wings 
sometimes reduced to ridges), not enclosed in the foli-
aceous involucre. Hairs peltate glandular. Producing 
fl avones, n = 11, 14. – Betula, Alnus, Duschekia 
(closely related to Alnus).

1.2 CARPINOIDEAE
Male fl owers without bracteoles. Female fl owers 
 spicate. Nuts small subtended by a large 3-lobed or 
coarsely dentate bract (Carpinus) or enclosed in  tubular 
or bladderlike involucres, n = 8. – Carpinus, Ostrya, 
Ostryopsis.

1.3 CORYLOIDEAE
Male fl owers with two bracteoles united to bract. Female 
fl owers in pairs in axil of each bract. Nuts large, with 
lignifi ed mesocarp, surrounded by leafl ike involucre 
(accrescent bract and bracteoles), n = 14. – Corylus.

2. TICODENDRACEAE

J. Gomez-Laurito et L. D. Gomez P. 1991. 1/1. Central 
America (from southern Mexico to central Panama).

Ticodendron.
Related to the Betulaceae, which is supported also by 

rbcL sequence data (Conti et al. 1994).
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Order 39. CASUARINALES

Trees and shrubs with slender, green, wiry, articulate 
branchlets. Roots usually with nodules harboring nitro-
gen-fi xing fi lamentous soil bacteria of the genus 
Frankia. Solitary or clustered crystals of calcium 
oxalate usually present in some of the cells of parenchy-
matous tissues. Vessels with mainly simple or some-
times scalariform perforations with up to 30 bars; lateral 
pitting opposite or alternate, very rarely intermediate. 
Fibers with distinctly bordered pits. Rays heteroge-
neous. Axial parenchyma apotracheal, diffuse and in 
short bands. Sieve-element plastids of S-type with up to 
fi ve starch grains; they also incorporate nondispersive 
P-protein bodies. Nodes unilacunar with one trace. 
Leaves small, scalelike, verticillate, more or less con-
nate to form a toothed sheath at each node; stipules 
wanting. Stomata generally tetracytic, sometimes penta- 
or hexacytic. Infl orescences consist of alternating 
whorls of toothlike, basally connate bracts; within each 
bract two lateral, keeled, scalelike bracteoles are found. 
Male infl orescences from short to elongated catkinlike 
spikes; female infl orescences from small globular to 
ovoid heads. Flowers small and inconspicuous, unisex-
ual, monoecious or rarely dioecious, apetalous, anemo-
philous. Male fl owers consist of one or two 
anteroposterior, hooded, scalelike sepals (deciduous at 
anthesis) and a single (sometimes more or less  bifurcate) 
stamen. Anthers tetrasporangiate, basifi xed, opening 
longitudinally. Tapetum secretory. Microsporogenesis 
simultaneous(?). Pollen grains 2-celled, 3-porate, tec-
tate-granular, with thick tectum traversed by minute 
channels; exine ornamentation consists of small spinules 
or scabrae and sometimes appears rugulate. Female 
fl owers without perianth; gynoecium pseudomonomer-
ous, consists of two median (anteroposterior) carpels 
with very long, threadlike, reddish stylodia united at the 
base. Stigma very long, decurrent; ovary superior, later-
ally fl attened, initially 2-locular, but only the anterior 
locule is fertile and contains two (rarely 3 or 4) ascend-
ing ovules; the posterior one is usually empty or more 
or less reduced or obsolete. Ovules orthotropous to 
hemitropous(?), epitropous, bitegmic, crassinucellate, 
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micropyle endostomal. Female gametophytes several to 
numerous, but only one fully developed and fertile, 
of Polygonum-type. Fertilization chalazogamous. 
Endosperm nuclear. Female infl orescence develops into 
a more or less woody infrutescence with the two enlarged 
bracteoles of each fl ower forming two tightly appressed 
lateral valves, which separate when the fruit is mature. 
Fruits 1-seeded, compressed, terminally winged, 
samaroid nuts. Seeds small with seed coats adnate to the 
pericarp, without endosperm, and often with more than 
one embryo. Embryo large, straight, oily, with two large 
cotyledons and a superior radicle. Plants tanniniferous, 
producing proanthocyanins, ellagic acid, and fl avonoid 
monomers consisting of a number of glycosidic 
 variations based on a conservative aglycone component 
of myricetin, quercetin, and kaempferol. n = 8 
(Gymnostoma) – 14. There is a remarkable differentia-
tion in chromosome size (Morawetz and Samuel 1989).

Exhibits many features in common with 
Hamamelidales and to a lesser degree also with Fagales 
and Betulales (especially pollen morphology, which 
resembles betulaceous pollen, Erdtman 1965; 
Kuprianova 1965; Zavada and Dilcher 1986). Bessey 
(1915) derived Casuarinaceae from Hamamelidaceae, 
which is corroborated by the totality of morphological 
data (Moseley 1948) including seed anatomy (Melikian 
1973). The wood anatomy of the Casuarinaceae is 
more advanced than that of the Hamamelidaceae, and 
their fl owers originated as a result of reduction and 
simplifi cation of the fl owers of a hamamelidaceous 
type. The similarities between the fl owers of 
Casuarinaceae and those of Betulaceae (Eames 1961; 
Flores and Moseley 1982) are a result of the evolution-
ary parallelism. In both cases the lines of fl oral reduc-
tion seen in the Hamamelidales have been carried to 
extremes. All of the most important morphological fea-
tures of the Casuarinaceae are found in one or another 
representative of Hamamelidales. But at the same time 
Casuarinaceae diverged so much from the hamamel-
idalean stock, that “there is a considerable gap between 
any known living or fossil Casuarinaceae and any other 
known family” (Johnson and Wilson 1989: 185).

1. CASUARINACEAE

R. Brown 1814. 4/96. Australia, New Caledonia, Fiji, 
New Guinea, Malesia; concentrated in Australia and to 
a lesser extent in Malesia (especially the eastern 
regions) and New Caledonia. One species (Casuarina 

equisetifolia) has wide littoral distribution from the 
Bay of Bengal to northeastern Australia and Polynesia 
(but the occurrence of the species in the Mascarenes is 
regarded as a probable introduction, Johnson and 
Wilson 1989, 1993).

Gymnostoma, Ceuthostoma, Casuarina, 
Allocasuarina.
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Superorder JUGLANDANAE

Order 40. MYRICALES

Evergreen or deciduous shrubs or small trees. 
Trichomes when present are distinctive because of 
their 2–3-celled bases and include regular balloon 
glands, irregular bowl-shaped glands, and unicellular 
trichomes. Roots usually bearing nodules with nitro-
gen fi xing bacteria (except perhaps for Canacomyrica). 
Vessels usually with scalariform perforations with a 
range of 1–32 bars; Camptonia has simple perforation, 
with a very small proportion of the plates bearing 1–3 
bars. Fibers with bordered or both bordered and simple 
pits. Rays heterogeneous. Axial parenchyma diffuse. 
Sieve-element plastids of S-type. Nodes trilacunar or 
unilacunar. Leaves alternate, simple, entire or serrate 
to irregularly dentate or lobed, rarely (Comptonia) 
deeply pinnatifi d, pinnately veined, without stipules or 
rarely (Comptonia) with foliaceous, semicordate 
stipules, often with aromatic peltate resinous glands. 
Stomata anomocytic. Flowers small, inconspicuous, in 
axillary, dense, spikelike racemose infl orescences, uni-
sexual (monoecious or more often dioecious), mostly 
without perianth, usually subtended by a bract and two 
transversal bracteoles, anemophilous. Male fl owers 
have 2–8 (very rarely up to 20) stamens, progressively 
fewer in the more distal fl owers. Filaments free or 
sometimes connate at the base. Anthers ovoid, 
 tetrasporangiate, basifi xed, extrorse, opening longitu-
dinally. Pistillodia often present. Tapetum secretory. 
Microsporogenesis simultaneous. Pollen grains 
2-celled, 3-porate, tectate-granular with stout columel-
lae often discernible in the infrastructural layer; the 

tectum is traversed by minute channels, minutely 
scabrate. Gynoecium of two united carpels, very rarely 
of three carpels. Stylodia mostly long and slender, 
nearly free or shortly connate at the base. Ovary 
 superior (Comptonia) or more or less  inferior, 1-locu-
lar, with one basal erect ovule born in the anterior car-
pel. Ovules orthotropous, unitegmic (in Canacomyrica 
with elongate, refl exed micropylar tube), crassinucel-
late. Female gametophyte of Polygonum-type. 
Endosperm nuclear. Fruits drupes with a hard endo-
carp and wax-secreting exocarp or almost a nut, some-
times enveloped by the persistent, accrescent bracteoles, 
in Canacomyrica completely enclosed in an enlarged, 
6-lobed perianth. Seeds with very reduced, exotestal 
seed coat, straight, large embryo, and nearly or quite 
without endosperm. Tanniniferous and accumulating 
triterpenes and sesquiterpenes, also with protoantho-
cyanins, ellagic acid, and gallic acid. n = 8, 12.

Although Myricales have some features in common 
with the Betulaceae and Casuarinaceae, they are much 
nearer to the Juglandales (Chevalier 1901; Kershaw 
1909; Stokes 1937; Hjelmquist 1948; Takhtajan 1966, 
1987; Dahlgren 1980, 1983; Cronquist 1981; Thorne 
1989; Macdonald 1989; Kubitzki 1933), which is sup-
ported by the fossil record (Friis 1983). According to 
Zavada and Dilcher (1986), Myrica exhibits particular 
similarity to Rhoiptelea and Platycarya, but Canaco-
myrica is probably the closest to the Rhoipteleaceae 
(see Friis 1983; Macdonald 1989).

1. MYRICACEAE

A. Richard ex Kunth 1817 (including Canaco myricaceae 
Doweld 2000). 4/57. Widely distributed in America, 
Africa, and Asia, but absent in Australia and New 
Zealand. Comptonia (1) is endemic to eastern North 
America, and Canacomyrica (1) to New Caledonia.

1.1 CANACOMYRICOIDEAE
Flowers with 6-lobed perianth. Male fl owers with six 
stamens. Female fl owers with (5)6 staminodia. Ovules 
with micropylar tube. – Canacomyrica.

1.2 MYRICOIDEAE
Flowers without perianth. Male fl owers with 2–8 (very 
rarely up to 20) stamens. Female fl owers without sta-
minodia. Ovules without micropylar tube. – Myrica 
(including Gale?), Morella, Comptonia.
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Order 41. JUGLANDALES

Deciduous or evergreen, aromatic trees or rarely large 
shrubs with naked or scaly buds. Vessel elements 
 elongate, with scalariform or more often simple perfo-
rations, but in Alfaroa and Engelhardtia some of them 
scalariform with a few bars; lateral pitting alternate. 
Fibers with bordered pits; some gelatinous fi bers 
 usually also present. Rays heterogeneous or sometimes 
(in some Juglandaceae) almost homogeneous. Axial 
parenchyma apotracheal to paratracheal. Sieve-element 
plastids of S-type. Nodes trilacunar or sometimes 
 pentalacunar with fi ve traces. Leaves alternate or less 
often opposite, stipulate or estipulate, pinnately com-
pound (or trifoliolate), with leafl ets entire or serrate. 
Leaves provided with aromatic, resinous, several-celled, 
peltate, basally sunken glandular scales; hairs mainly 
nonglandular. Stomata anomocytic. Flowers small, 
borne in aments, apetalous, unisexual (monoecious or 
rarely dioecious) or gynomonoecious (the central fl ower 
of dichasium in Rhoiptelea), borne in elongate, droop-
ing, and rarely erect, catkins or spikelike infl orescences, 
that are sometimes grouped into panicles. Each fl ower 
of Rhoiptelea has two lateral bracteoles and four small, 
scarious, persistent on the fruit sepals in two cycles. In 
Juglandaceae fl owers more or less reduced. The less 
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reduced fl owers (e.g., Juglans) consist of two lateral 
bracteoles and four sepals, but mostly there are only 
three, two, or even one sepals. Platycarya lost both the 
sepals and bracteoles and thus reached the end of the 
reduction line. The bract and two bracteoles (when 
present) are fused with the fl oral receptacle and appear 
as a part of the calyx, the stamens thus appearing to be 
on the involucre and calyx in male fl owers; modifi ca-
tions in female fl owers led to the reduction of the calyx 
and the adnation of the bract and bracteoles with the 
entire ovary to form a cupular involucre that ripens with 
the fruit to form a husk. Stamens 3–105 (mostly 5–40) 
in Juglandaceae, in Rhoiptelea – 6; fi laments short, 
anthers tetrasporangiate, basifi xed, opening longitudi-
nally. Tapetum secretory. Microsporogenesis simulta-
neous, rarely successive. Pollen grains 2-celled or 
3-celled, 3-porate or pantoporate, 3-colporate or sel-
dom 4-colporate, tectate-granular. Gynoecium regu-
larly of two united carpels, rarely individual fl owers 
with three or four carpels; stylodia free or united at the 
base, seldom stigmas sessile. Ovary superior or infe-
rior, incompletely 2-locular (2-locular below and 1-loc-
ular above), in Juglandaceae often falsely 4- to 8-locular 
below because of secondary partitions (sometimes 
5-locular at the very apex due to intrusions from the 
wall). Ovules solitary, attached to the partial partition, 
campylotropous, or orthotropous, bitegmic or uniteg-
mic, crassinucellate. Female gametophyte of 
Polygonum-type. Fertilization chalazogamous, very 
rarely porogamous. Endosperm nuclear. Fruits are nuts 
(often samaroid), or drupe-like but rather dry. Seeds 
large, obovoid (Rhoiptelea) or more often 2- to 4- to 
8-lobed. Seed coat reduced to thin exotestal layer 
(Rhoiptelea) or outer epidermis as a layer of rather 
large, thin-walled cells, highly vascularized. Embryo 
massive, with 2- (Rhoiptelea) or 4-lobed oily cotyle-
dons; endosperm wanting or very scanty.

Has much in common with Myricales (including 
serolological similarities between Juglandaceae and 
Myricaceae – Chupov 1978; Petersen and Fairbrothers 
1979). Especially many common features with Myrica-
ceae in the structure of fl ower, pollen grains, ovules, fruit, 
basic chromosome number and chemistry. Both orders 
derived from the hamamelidalean type ancestor.

Key to Families
1  Leaves with leafy, thick, papery and asymmetri-

cally caducous stipules. Ovary superior, 2-locular; 
stigmas two, lamelliform; ovules one per locule, 

campylotropous, bitegmic, but only one ovule 
develops. Flowers borne in elongate spikes con-
sisting of 3- fl owered dichasial glomerules that are 
clustered into large, nodding, terminal panicles 
look like a horse tail (the species is named the 
“horse-tail tree” – Wu and Kubitzki 1993). Each 
dichasium is suspended by a large bract. The lat-
eral fl owers of each dichasium are female, but 
more or less reduced and frequently abortive, each 
fl ower with two bracteoles. Sepals four, in two 
cycles, small, scarious, brown, persistent on the 
fruit. Stamens six. Pollen grains 3-colporate or 
seldom 4-colporate with very short colpi appear-
ing to approximate the porate condition, scabrate. 
The female fl owers has no staminodes. Fruits 
small, 2-winged nuts. Vessel elements elongate, 
with scalariform perforations that have 1–2 (up to 
20 bars). Axial parenchyma abundant, mostly 
vasicentric. Produce protoanthocyanins, ellagic 
acid, and fl avonols (myricetin, quercetin and kae-
mpferol), n = 16.  . . . . . . . . . .1. rhoipteleaceae

1 Leaves estipulate. Ovary inferior; ovules orthotro-
pous, unitegmic. Flowers unisexual, borne in 
elongate, drooping, and rarely erect, catkins or 
spikelike infl orescences, that are sometimes grouped 
into panicles. Male and female infl orescences sepa-
rate or combined into an androgynous panicle; indi-
vidual fl owers in the axils of entire or 3-lobed 
bracts. The calyx adnate to the bract or wanting. 
Stamens 3–105, mostly 5–40. Pollen grains 3-porate 
or pantoporate, spinulose. Fruits are nuts enclosed 
in an adherent, thin or thick, fi brous indehiscent or 
dehiscent husk, or nuts with a thin dry skin, or thin-
skinned nutlets with wings, which are formed by 
the bract or by two bracteoles. The whole fruit is 
drupelike, but the husk is derived from the involu-
cre and calyx, and the skin from the calyx alone, 
neither one from the pericarp. Hence the fruit is not 
a true drupe; it is sometimes called a tryma (Manning 
1978); nut loculicidal in germination. Vessel ele-
ments elongate, mostly with simple perforations, 
but in Alfaroa and Engelhardtia some of them sca-
lariform with a few bars. Axial parenchyma mostly 
apotracheal, but sometimes intermediate between 
apotracheal and paratracheal. Mostly with abundant 
tannin and producing proanthocyanins, ellagic acid, 
fl avonol glycosides, including those of myrcetin, 
 quercetin, kaempferol, and napthoquinones, n = 15, 
16, 28.  . . . . . . . . . . . . . . . . . . . . 2. juglandaceae
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1. RHOIPTELEACEAE

Handel-Mazzetti 1932. 1/1. Southwestern China 
(Yunnan, Guangxi, Guizhou) and North Vietnam.

Rhoiptelea.
In many respects this unigeneric family approaches 

closely to the hypothetical intermediate between 
Hamamelidales and Juglandaceae.

2. JUGLANDACEAE

A.P. de Candolle ex Perleb 1818 (including 
Engelhardtiaceae Reveal et Doweld 1999, Platycary-
aceae Nakai ex Doweld 2000, Pterocaryaceae Nakai 
1930). 9/60. Mainly northern temperate and subtropi-
cal regions with extensions southward to South and 
Southeast Asia, New Guinea, West Indies, and Central 
America and the western mountains of South America 
as far as northern Argentina.

Juglandaceae are closely related to the Rhoipte-
leaceae, but are somewhat more advanced. Each fl ower 
of the reduced infl orescence of Juglandaceae morpho-
logically corresponds to the central fl ower of the 
3-fl owered dichasium of Rhoiptelea.

2.1 PLATYCARIOIDEAE
Bracts of female fl owers persisting on the axis of infl o-
rescence (not dispersed with the fruit). Pollen grains 
small, 3-porate, with pseudocolpi. Vessels with simple 
perforations. – Platycarya.

2.2 ENGELHARDTIOIDEAE
Bracts of the female fl owers fall together with the fruit, 
3-lobed. Pollen grains small, 3- to 4-porate. Vessels 
with scalariform or simple perforations. Leaf paren-
chyma with druses. – Alfaroa, Alfaropsis, Oreomunnea, 
Engelhardtia.

2.3 JUGLANDOIDEAE
Bracts of the female fl owers fall together with the fruit, 
entire. Pollen grains large, 3-polyporate. Vessels with 
simple perforations. – juglandeae: Cyclocarya, 
Pterocarya, Juglans; hicorieae: Carya.

Manning (1978) recognized two subfamilies 
(Platycaryoideae and Juglandoideae), the former with 
one monotypic east Asian genus (Platycarya) and the 
latter with three tribes (Engelhardieae, Juglandeae, and 

Hicorieae). Recently Iljinskaya (1990) reviewed previ-
ous classifi cations and came to the conclusion that 
Manning’s tribe Engelhardieae is so distinctive that it 
deserves the rank of a subfamily.
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Mostly herbaceous plants, undershrubs, or low shrubs, 
less often trees; succulents and halophytes common, 
woody species generally with anomalous secondary 
growth or otherwise anomalous stem structure. Vessels 
with simple perforations. Sieve-element plastids of 
P-type (Caryophyllales, Physenales) or of S-type 
(Polygonales, and Plumbaginales). Nodes unilacunar 
or less often trilacunar or multilacunar. Leaves simple, 
mostly entire, sometimes with stipules. Stomata mostly 
paracytic, anomocytic, or diacytic. Flowers bisexual or 
unisexual, cyclic. Tapetum secretory. Microsporogenesis 
simultaneous. Pollen grains 3-celled or rarely 2-celled, 
3-colpate or of derived types. Gynoecium apocarpous 
(certain Phytolaccaceae and Gisekia) or more often 
syncarpous, frequently pseudomonomerous. Ovules 
mostly bitegmic or rarely (in some Nyctaginaceae) 
unitegmic, crassinucellate. Endosperm nuclear. Fruits 
of various types. Seeds with mostly curved embryo 
and usually without endosperm (except in Polygonaceae 
and Plumbaginaceae), but mostly with perisperm.

Related to the Ranunculidae, especially to the lower 
Ranunculales. The Phytolaccaceae in particular are 
linked with the ranunculids, especially with the 
Lardizabalaceae and Menispermaceac. In all probabil-
ity both subclasses share a common origin from some 
Magnoliidae.

The rbcL sequences confi rm the monophyly of the 
Caryophyllidae. According to Olmstead et al. (1992), 
the Caryophyllidae, including Polygonaceae and 
Plumbaginaceae, appear as a strongly supported, 
monophyletic group, whose circumscription in tradi-
tional classifi cations coincides completely with the 
molecular evidence.
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Superorder CARYOPHYLLANAE

Order 42. CARYOPHYLLALES

Perennial or annual herbs, shrubs or trees, rarely climb-
ing, often more or less succulent. Anomalous second-
ary thickening of the stems fairly frequent. Vessels 
with simple perforations, very rarely also reticulate. 
Fibers with simple or seldom bordered pits. Axial 
parenchyma diffuse (Stegnospermataceae, Barbeui-
aceae) or vasicentric (Phytolaccaceae and Achato-
carpaceae). Sieve-element plastids of P-type with a 
peripheral ring of protein fi laments and with or with-
out (Amaranthaceae and Chenopodiaceae) a central 
protein crystal (Behnke 1994). Nodes unilacunar or 
rarely trilacunar, very rarely (Rhabdodendraceae) 
multi lacunar. Leaves alternate or opposite, seldom ver-
ticillate, simple and mostly entire, sometimes reduced 
to spines, often showing Kranz anatomy, estipulate or 
rarely with small stipules. Stomata of various types. 
Flowers in various types of infl orescences or solitary 
in the axils, bisexual or less often unisexual, usually 
actinomorphic, mostly 4–5-merous, entomophilous or 
less often anemophilous. Sepals (1)2–5(-10), free or 
more or less connate below, sometimes petaloid. Petals 
two to many or lacking, free or more or less connate. 
Stamens one to many, often as many or twice as many 
as the sepals or petals, in multistaminate fl owers often 
developing centrifugally, especially in Aizoaceae and 
Cactaceae; anthers usually opening longitudinally. 

Pollen grains 3-celled or rarely 2-celled, 3-colpate to 
pantocolpate and pantoporate, tectate-columellate, 
with spinulose-annular perforate/punctate tectum. 
Tapetum secretory. Microsporogenesis simultaneous. 
Gynoecium syncarpous (eusyncarpous, paracarpous, 
or lysicarpous) or less often more or less apocarpous 
(but with short, basal, distinctly fused carpellary sec-
tions (see Rohweder 1965; Hofmann 1977; Hofmann 
in Behnke and Mabry 1994), of two to many carpels, 
with distinct stylodia. Ovary superior, half inferior, or 
inferior. Nectaries present or absent. Ovules hemitrop-
ous to campylotropous, rarely nearly anatropous, 
bitegmic, crassinucellate. Female gametophyte usually 
of Polygonum-type. Endosperm nuclear. Fruits of vari-
ous types. Seeds with peripheral and mostly curved or 
coiled embryo, bordering or encircling the more or less 
copious perisperm or (Didiereaceae) nearly or quite 
without perisperm. Perisperm completely absent in 
Monococcus of Phytolaccaceae); endosperm lacking 
or scanty. Seed-coat exotestal-endotegmic or exotestal. 
Mostly producing betalains (betacyanins and betaxan-
thins) but not anthocyanins (only in the Molluginaceae 
and Caryophyllaceae producing anthocyanins and not 
betalains). At least some species of Phytolacca contain 
glucosilonates (Daxenbichler et al. 1991).

Key to Families
1 Stylodium gynobasic. Evergreen tall shrubs or small 

trees. Secretory cavities with resinous contents scat-
tered through parenchymatous tissues. Vessels with 
simple perforations; lateral pitting alternate. Fibers 
with many small simple or bordered pits. Rays het-
erogeneous to sometimes homogeneous. Axial 
parenchyma paratracheal and very scanty diffuse or 
largely in apotracheal bands. Sieve-element plastids 
of Pcs-type. Leaves alternate, simple, entire, leath-
ery, with short-stalked, peltate hair, obscurely pellu-
cid-punctate; stipules minute and caducous or 
obsolete, or absent. Stomata anomocytic. Flowers in 
axillary or supra-axillary racemes or racemoid 
cymes, with thick rachis, usually bisexual, actino-
morphic. Calyx very short, turbinate, more or less 
entire or with fi ve imbricate lobes. Petals fi ve, oblong, 
sepal-like, pellucid-punctate, slightly imbricate 
below or more or less valvate at apex, caducous. 
Stamens 25–50 more or less in two cycles; fi laments 
very short, fl attened, persistent and recurved; anthers 
very long, basifi xed, caducous. Pollen grains 3-celled, 
3-colpate and rarely 4-colpate (Prance 2003). Nectary 
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disc wanting. Gynoecium of single carpel with long, 
thickened gynobasic stylodium with unilateral (dor-
sal) decurrent stigma. Ovule usually solitary (some-
times another aborted), basal, hemicampylotropous 
and epitropous, bitegmic (bitegmic condition 
restricted to the micropylar part). Fruits small, drupa-
ceous, with thin exocarp and slightly woody endo-
carp, shortly stipitate, within the cupular calyx. Seed 
with curved, green embryo and large, fl eshy cotyle-
dons, small radicle bent inward toward the hilum; 
endosperm wanting; exotestal cells tangentially elon-
gated. Presence triterpenoids and O-alkylated ellagic 
acid (Walter-Filho et al. 1985, 1989); alkaloids 
absent, n = 10.. . . . . . . . . . . 2. rhabdodendraceae

1 Stylodium not gynobasic.
2 Sieve-element plastids with a central protein 

crystal.
3 Producing betalains, very rarely anthocyanins.

4 Carpels free or united. Pollen grains 3-colpate. 
Sepals fi ve, imbricate. Petals absent or present.
5 Fruits of more or less drupelike fruitlets or syn-

carpous and baccate, or fruits indehiscent, by 
abortion 1-seeded, with coriaceous pericarp 
adherent to the seed (Agdestis). Herbs, shrubs, 
woody lianas, or rarely trees, more or less suc-
culent, or non-succulent, mesophytic or xero-
phytic. Raphides present. Sieve-element 
plastids of P3a-type. Nodes unilacunar. Leaves 
alternate, entire, usually estipulate. Flowers in 
racemes or spikes, bisexual or rarely dioecious, 
actinomorphic or more or less zygomorphic, 
apetalous. Perianth segments 4–5, in one whorl. 
Stamens (2-)4 to many; fi laments fi liform, free 
or basally connate, sometimes inserted on a 
fl eshy disc; anthers dorsifi xed, introrse, tet-
rasporangiate. Pollen grains 3-colpate via 
panto colpate to pantoporate, 2- or 3-celled. 
Carpels 3–16, free or more or less connate; 
ovary superior, rarely semi-inferior (Agdestis), 
4–12-locular, ovules solitary in each locule, 
campylotropous or hemitropous (Agdestis). 
Seeds more or less reniform, perisperm copious 
or moderate, soft or granular and whitish; 
embryo well differentiated, curved; cotyledons 
fl at or folded; endosperm absent. Betalains 
present; saponins, alkaloids and fl avonols pres-
ent or absent; Gallesia smells of onions; n = 9, 
rarely 17.  . . . . . . . . . . . . .1. phytolaccaceae

5 Fruits achenes with membranous epicarp 

densely covered by warts. Annual herbs. 
Leaves opposite or subverticillate. Flowers in 
dichasia, bisexual or rarely unisexual, more or 
less actinomorphic. Petales fi ve. Stamens 5 or 
10–15, rarely 8, sometimes 20 or more, and 
then they are paired in groups of three, inserted 
on a fl at disc, alternating with petals; fi laments 
dilated at the base; anthers basifi xed. Carpels 
fi ve or less often three or ten, pseudoapocar-
poous, laterally compressed, with short stylo-
dia on their ventral side; ovule solitary in each 
locule, anatropous. Fruit achenial; seeds 
smooth, pitted. Present anthocyanins and 
raphides; n = 9. . . . . . . . . . . . . 3. gisekiaceae

4 Carpels always united. Pollen grains of various 
types. Petals present or absent.

6 Ovary mostly superior.
7 Fruits winged. Shrubs with thorny branches. 

Wood rayless. Leaves opposite below, alter-
nate above, deciduous, linear, entire, fl eshy, 
glabrous to hairy. Infl o rescence spike, cylin-
dric, densely catkin-like. Flowers unisexual. 
Male fl owers numerous, spirally arranged, 
with peltate bracts, without perianth. Stamens 
2–3 or more, with very short fi laments and 
long anthers; pollen grains pantoporate, dis-
tinctive by its raised pore margins produced 
by elongated columellae (crassimarginate 
pores – Nowicke 1994). Female fl owers 1–3, 
below male fl owers, perianth cup-like, con-
nate with ovary; ovule solitary. Carpels two, 
stigmas two, horizontally expanded. Seed 
erect with transparent testa; embryo com-
pressed, green, n = 9.  . . . 4. sarcobataceae.

7 Fruits not winged.
8 Petioles articulated at the base. Large, branched 

woody lianas, blackening on drying. Axial 
parenchyma diffuse. Leaves alternate, entire. 
Protein crystal in the sieve-element plastids 
globular. Flowers in short, rigid, axillary 
racemes. Pedicels long and slender, thickened 
below the calyx. Receptacle slightly convex. 
Sepals fi ve imbricate. Stamens 20–25, in sev-
eral series, inserted on an annular disc (annu-
lus of receptacle); fi laments short, free; anthers 
linear, 2-locular, introrse, sagittate. Pollen 
grains 3(4–6)-colporoidate, the exine undu-
lated to verrucate. Gynoecium of two united 
carpels; ovary 2-locular; stylodia linear-oblong, 
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somewhat fl attened, erect-spreading, very 
shortly connate at the base, the inner side papil-
late; ovule solitary. Fruits woody, 2-locular and 
1–2-seeded capsules. Seeds partially enclosed 
by a yellow aril. . . . . . . . . . 5. barbeuiaceae.

8 Petioles not articulated. Plants not blackening 
on drying.
9 Seeds covered by a large red aril. Small, gla-

brous trees or shrubs, usually with decum-
bent or scandent branches. Leaves alternate, 
entire, fl eshy, with trans lucent margins; dif-
fuse axial parenchyma presents (Carlquist 
1999). Crystalloids within the sieve-element 
plastids polygonal. More or less scandent or 
sprawling glabrous shrubs. Flowers in termi-
nal racemes. Pedicels bracteate and bracteo-
late at the base. Sepals fi ve, imbricate, 
persistent in the fruit. Petals free, imbri-
cate, shorter than the sepals. Stamens ten, 
in one series; fi laments connate at the base; 
anthers dorsifi xed, cordate, introrse. Pollen 
grains 3-colpate, operculate, with spinu-
lose and punctate rectum. Ovary superior, 
1- locular, with a very short style and 3–5 
subulate recurved stigmas, papillose inside. 
Ovules as many as the stigmas, amphitrop-
ous, basal around a central column. Fruits 
coriaceous, 3–5-valved and 1–5-seeded 
capsule. Seeds almost covered by a large 
red aril, exotesta more or less palisade, 
unlignifi ed, endotegmen enlarged, persis-
tent, n = 36 (P. Goldblatt, 2003).  . . . . . . . .
9. stegnospermataceae.

9 Seeds without aril, or when an aril is pres-
ent, it does not cover the seed.
10 Fruits 1-seeded berries. Shrubs or small 

trees with normal secondary growth. 
Leaves alternate, entire, estipulate. 
Flowers in axillary racemes or panicles, 
dioecious. Sepals 4–5. Stamens 10–20; 
fi laments slender, free or basally con-
nate. Pollen grains with mostly 4–6 large 
pores or more or less irregular apertures, 
which are often poorly defi ned. 
Gynoecium of two carpels with short, 
basally connate stylodia; ovary superior, 
1-locular, with 1 (very rarely 2) campy-
lotropous basal ovule. Seeds black, 
tuberculate, with very small aril at the 

hilum. Present C-glycosylfl avonoids.. . .
6. achatocarpaceae.

10 Fruits dry.
11 Fruits dehiscent.

12 Stamens opposite the sepals. Annual 
herbs to small trees with normal 
secondary growth. Leaves alternate 
or sometimes opposite, often with 
hairs, bristles, or scales in the axils; 
stipules scarious. Flowers bisexual 
or rarely unisexual, with two or 
sometimes fi ve or more (Lewisia) 
imbricate bracteoles and (2)5(-18) 
free or basally connate, more or less 
petaloid and often caducous sepals. 
Stamens commonly as many as and 
opposite the sepals. Pollen grains 
ranging from 3-colpate to pantocol-
pate and pantoporate. Gynoecium 
2–8-carpellate, with more or less 
united stylodia and capitate stig-
mas. Ovary superior to inferior, 
with two to many or rarely one 
ovule; ovules  anatropous, acampy-
lotropous, or amphitropous, placen-
tation  free-central or basal. Fruits 
circumscissile or valvate capsules, 
rarely nutlike. Seeds sometimes 
arillate; embryo curved to annular, n 
= 8–12 (-17), mostly 8 or 9, in 
Claytonia virginiana n = 6–95 (Bogle 
1969).. . . . . . 10. portulacaceae.

12 Stamens alternate with the petals. 
Densely caespitose, glabrous sub-
shrubs; cuticle waxes as procumbent 
platelets. Leaves alternate, imbri-
cated all around the stem, without 
stipules. Flowers solitary, axillary, 
with (1)2(3) lateral, apical or basal 
bracteoles and 4–5(6) petaloid sepals. 
Stamens 3–5(6), free or adnate to 
calyx tube when it is present. Pollen 
grains 3-colpate. Gynoecium 
2-carpellate, unilocular; ovary with 
4–7 ovules borne near the base of 
central column. Fruits 1–5-seeded 
capsules, or indehiscent. Seeds with 
endosperm and curved embryo, 
n = 48.  . . . . . 11. hectorellaceae.
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11 Fruits indehiscent.
13 Sepals united to form a lobed and 

commonly corolloid tube and some-
times subtended by brightly colored 
sepaloid bracteoles. Trees, shrubs, 
herbs, and lianas, sometimes thorny. 
Nodes swollen. Wood storied, ray-
less. Vessels with simple perfora-
tion, occasionally also reticulate; 
stem with anomalous secondary 
growth. Leaves opposite or rarely 
alternate, toothed. Infl orescences 
various, cymose, very rarely a 
raceme; fl owers bisexual or rarely 
dioecious (Cephalotomandra). 
Tubular, petaloid perianth with ind-
uplicate-valvate or contorted aesti-
vation. Stamens one to many, free or 
connate at the base, involute in bud; 
fi laments often of unequal length; 
anthers dorsifi xed near the base. 
Pollen grains 3(4)-colpate, pericol-
pate, or periporate. Ovary superior, 
1-locular, with slender styles. Ovule 
solitary, bitegmic, or rarely uniteg-
mic (Abronia umbellate, Boerhaavia 
diffusa). Fruits nutlike, surrounded 
by accrescent (viscid) basal part of 
the perianth; endotesta thickened 
(Mirabilis), testa multiplicative; 
embryo peripheral, arcuate or rarely 
straight, green; perisperm copious 
to scanty; n = 8–11(13), rarely 17, 
mostly 10.  . . . .7. nyctaginaceae.

13 Sepals not forming a corolloid 
calyx tube.
14 Perennial herbs with slender, 

annual twining or scrambling 
stems from fl eshy-thickened or 
tuber- bearing rhizomes; vascu-
lar bundles separate, bicollateral. 
Leaves opposite, conduplicate 
(Anredera). Flowers in race-
mose infl orescences, small, 
mostly bisexual. Bracteoles 
two, often united to the base of 
the calyx. Sepals fi ve, often col-
ored, almost free or connate 
below, persistent. Stamens fi ve, 

opposite to the sepals and adnate 
to the base of sepals or to the 
calyx tube. Pollen grains cuboid, 
pantocolpate. Gynoecium of 
three carpels; ovary unilocular 
when mature, with three stylo-
dia or a style, often 3-lobed. 
Ovule solitary, basal, anatro-
pous to campylotropous. Fruits 
indehiscent, surrounded by 
persistent, often fl eshy calyx or 
by winglike persistent bracte-
oles; exotesta and endotesta 
more or less thickened, embryo 
green, starch grains clustered; 
n = 12, 22. . . 12. basellaceae.

14 Not twining or scrambling 
annual herbs. Flowers unisexual, 
monoecious. Bracteoles two, 
very unequal. Sepals in male 
fl owers four, free, membranous, 
in female fl owers lacking. 
Stamens four, alternating with 
sepals; fi laments slender, long. 
Pollen grains cuboid, 6-porate. 
Gynoecium of three carpels; 
ovary unilocular, with three free 
stylodia. Ovule solitary, basal, 
evidently campylotropous. 
Fruits nutlets, several becoming 
enclosed by infl orescence axis, 
n = 12.  . . 13. halophytaceae.

6 Ovary mostly inferior or semi-inferior.
15 Ovary with a single fertile locule and 2(3) empty 

locules. Very spiny, cactuslike, xerophytic 
shrubs and trees with soft wood and rather well-
developed pith; cuticular waxes as ribbons or 
rodlets. Leaves alternate, entire, small, some-
times much reduced. Flowers mostly unisexual 
and usually dioecious. Sepals four, in two series. 
Petals absent. Stamens 8(10), in two cycles 
basally connate and with adaxial nectaries. 
Pollen grains 3-celled, (4)5–7-zonocolpate. 
Gynoecium of (2)3(4) carpels with a style and a 
usually irregularly (2)3(4)-lobed, peltate, 
fringed stigma; ovary with as many locules as 
carpels, but usually only one locule is fertile 
and bears a solitary, basal ovule. Fruits dry, 
indehiscent, usually 3-angled. Seeds with a 
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small funicular aril, nearly or quite without both 
perisperm and endosperm. Present methylated 
fl avonoids; n = 8.. . . . . . . . . 15. didiereaceae.

15 Ovary without empty locules.
16 Plants leaf-succulents or rarely stem-succu-

lents, always unarmed. Leaves alternate or 
opposite, usually entire, rarely toothed. 
Stomata anisocytic, anomocytic or para-
cytic. Nodes 3-locular with three traces. 
Anomalous secondary growth present. 
Epicuticular waxes present. Infl orescences 
axillary or terminal pleiochasia, dichasia or 
fl owers solitary. Flowers cyclic, bisexual or 
rarely unisexual (Glischrothamnus). Calyx 
lobes 5–8; petals ca. 30–40, or absent. 
Stamens (1-)4–5, or 8–10, or numerous. 
Pollen grains 3-colpate or rarely 3-colpo-
rate. Ovary superior, half-inferior, or infe-
rior, surrounded by nectary ring. Female 
gametophyte usually Polygonum-type. 
Ovules campylotropous or anacampylotro-
pous, funicle often long. Fruits usually locu-
licidal capsules, rarely baccate (Carpobrotus), 
sometimes nutlike. Seeds often arillate. 
n = 8, 9, mostly 9.  . . . . . . . . 8. aizoaceae.

16 Plants stem-succulents or with distinctly 
spiny stem, cork also in cortex; rays wide and 
tall; nodes often with two or many traces; 
mucilage copious; cuticular waxes as ribbons 
or rodlets. Leaves mostly very reduced. 
Stomata usually paracytic. Flowers usually 
solitary, rarely in panicles, spiral or spirocy-
clic, bisexual, rarely unisexual. Perianth seg-
ments spirally arranged, usually not 
differentiated into sepals and petals, Stamens 
numerous, centrifugal; anthers small, dorsi-
fi xed or basifi xed. Pollen grains 3-colpate to 
6–15-colpate or -porate. Gynoecium of 
3-many carpels; stigma wet, lobed; ovary 
inferior or rarely (in spp. of Pereskia) supe-
rior, placentation more or less parietal; ovules 
numerous, anatropous to campylotropous. 
Fruits usually indehiscent, commonly fl eshy 
and baccate, rarely dry, funicles fl eshy in 
fruit; endotegmic cell walls thickened or not; 
n = 11. . . . . . . . . . . . . . . . . . .14. cactaceae.

3 Producing anthocyanins but not betalains.
17 Leaves opposite to alternate or verticillate, 

slightly or not succulent; stipules scarious, small 
or absent.

18 Seeds small, dark brown to shiny black. 
Herbs, subshrubs, rarely shrubs with anoma-
lous secondary growth. Infl orescences pleio-
chasail or dichasial cymes, or in glomerules 
to cincinnii, or fl owers solitary. Sepals fi ve, 
mostly free, rarely shortly connate. Petals 
small and inconspicuous or more often want-
ing. Stamens 5–10 to many, fi laments fi li-
form, free or shortly connate; anthers 
dorsifi xed; nectary disc absent or annular. 
Ovary (except in Adenogramma) with two to 
several locules, at least below, but in the upper 
part of the ovary the partitions sometimes 
incomplete. Placentation axile (except 
Adenogramma). Fruits usually loculicidal or 
circumscissible capsules, often surrounded 
by persistent calyx. Seeds sometimes arillate, 
embryo curved or around the periphery. 
Plants containing anthocyanins; n = 8 
(Hypertelis) or 9.  . . . . 16. molluginaceae.
18 Seeds rather large, pale yellow. Herbs or 

subshrubs, glabrous or with glandular 
hairs. Sieve-element plastids of PIIIc’’f-
type. Leaves alternate to subopposite, lin-
ear, subulate, lanceolate or orbicular, 
estipulate. Infl orescence cymose, lax or 
glomerulate. Flowers small, sepals fi ve, 
petals fi ve or absent, adnate to the stami-
nal tube. Stamens (5)-7(-10). Pollen 
grains tri colpate. Ovary pseudomonomer-
ous 2-chambered, with one ovule per 
chamber. Fruit separating into two woody 
cocci; rarely broadly winged; seeds with 
rough surface, strictly reniform, slightly 
winged, periclinals fl at, micropapillate, 
anticlinals highly raised, laciniate or with 
longitudinal striations (Hassan et al. 
2005), testa with cells in rows along the 
dorsal junction; n = 9.. . . 17. limeaceae.

17 Leaves opposite or rarely (as in Telephium 
and Corrigiola) alternate; stipules absent or 
present (Illecebroideae), and then often 
scarious, white or brownish. Stomata often 
diacytic or anisocytic. Mostly herbs, peren-
nial or annual, or sometimes subshrubs, very 
rarely (Sanctambrosia manicata) small 
trees; stems often swollen at the nodes due 
to an anomalous growth of the concentric 
rings of xylem and phloem. Infl orescences 
usually terminal, paniculate, racemiform or 
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capitate dichasial cymes, or fl owers solitary. 
Flowers actinomorphic, or very rarely 
(Mediterranean Drypis spinosa) slightly 
zygomorphic, bisexual or rarely the plants 
dioecious. Sepals (4)5–25, rarely spirally 
arranged, free or connate. Petals mostly more 
or less developed, in Illecebroideae often 
absent. Stamens 10 (3–13), fi laments fi liform, 
free, anthers dorsifi xed. Gynoecium of 2–5(-
10) carpels; ovary superior, unilocular above, 
but usually more or less distinctly partitioned 
toward the base, at least when young; ovules 
mostly numerous, but sometimes few or even 
solitary. Fruits capsules, dehiscent by apical 
teeth or by valves, rarely circumscissile, or 
rarely a scarcely fl eshy berry (Cucubalus). 
Seeds not arillate (except seeds with funicu-
lar elaiosome in Moehringia), embryo periph-
eral, arcuate to spiral (Dripis), or straight 
(Dianthus, Stellaria). Produce anthocyanins 
(batalains) and anthraquinones, saponins, 
ferula acid and pinitol, n = 5–15, 17–19, 
mostly 8. . . . . . . . . . 18. caryophyllaceae.

2 Sieve-element plastids without protein crystal.
19 Stylodia three. Xerophytic, evergreen, freely 

branched, shortly pubescent shrubs or small trees 
with anomalous secondary growth of concentric 
type (concentric rings of vascular bundles); hairs 
uniseriate. Vessels with simple perforations and 
with tertiary thickenings; lateral pitting alternate. 
Fibers with large bordered pits. Axial parenchyma 
apotracheal, very rare, except for conjunctive tis-
sue associated with the anomalous structure. 
Sieve-element plastids of Ss-type. Nodes unilacu-
nar. Leaves small, opposite, sessile, simple but 
jointed at the base, entire, pinnately veined, leath-
ery, estipulate; the mesophyll containing calcium 
oxalate crystals. Stomata laterocytic or cyclocytic, 
or anomocytic (and also of intermediate type). 
Flowers unisexual, dioecious, actinomorphic, 
apetalous. Male fl owers small, in cernuous, capit-
ulate, axillary clusters, the female ones larger, and 
mostly solitary in the axils (more rarely in pendu-
lous 2–7-fl owered racemes). Sepals (4)5(6), much 
imbricate, fi mbriate, accrescent in female fl ow-
ers. Stamens (8)10(12), free, inserted more or less 
distantly on fl at receptacle; fi laments short and 
stout; anthers elongate, tetrasporangiate, bas-
ifi xed, 2-locular, extrorse, opening longitudinally. 
Pollen grains 2-celled, with three large, weakly 

defi ned, porelike apertures the membranes of 
which are bordered with irregularly shaped insu-
lae or granula forming an operculoid structure in 
the central part and grading to the exine pattern. 
Pistillodia absent. Gynoecium of three united car-
pels, with three elongate, refl exed, subulate, papil-
late, hairy, deciduous stylodia clustered at the top. 
Ovary superior, 3-locular, with one pendulous, 
apical-axile ovule per locule. Ovules anatropous, 
or apotropous, pendulous, bitegmic, crassinucel-
late (but tenuinucellate, according Köhler 2003). 
Endosperm nuclear and very reduced. Fruits 
ovoid loculicidal capsules, with shiny brown 
coriaceous pericarp and usually one seeded by 
abortation (two of the locules empty), rarely 
2–3-seeded. Seeds large, subtriquatrous, red-
brown, glandular, and short-haired. Embryo 
straight, with thick cotyledons; cotyledons and 
peripheral layers of the hypocotyl contain a 
cyanogenic glucoside (simmondsin), mono-
ethylenic acids, and a high proportion of a 
unique liquid wax; endosperm scanty or wanting, 
n = 13.. . . . . . . . . . . . . . . . .19. simmondsiaceae.

19 Stylodium one.
20 Sepals usually dry and scarious or membra-

nous, sometimes absent. Herbs, rarely shrubs 
or small trees. Vessels with simple perfora-
tion. Leaves alternate or opposite, entire, 
estipulate. Infl orescences terminal and axil-
lary spikes, heads, racemes or cymes. 
Stamens often connate at the base into a 
tube. Stylodia united into a style with 2–3-
fi d or capitate stigma. Epicuticular wax struc-
tures lacking, n = 7–11, 13, 15, 17, mostly 
8 and 9. . . . . . . . . . . . .20. amaranthaceae.

20 Sepals mostly green or greenish and usually 
more or less herbaceous or somewhat mem-
branous, rarely wanting. Herbs and shrubs, 
rarely small trees or climbers. Vessels with 
simple perforation or very rarely with some 
oblique scalariform perforations (Axirys). 
Leaves mostly alternate, rarely opposite, 
sometimes fl eshy or reduced to scales, 
entire or toothed,  estipulate. Stamens free 
or sometimes connate at the base. Stylodia 
distinct or more or less connate into a 
style. Female gametophyte Polygonum- or 
Allium-type. Epicuticular wax structures 
present (more or less lobed platelets), n = 9, 
rarely 6.  . . . . . . . . . 21. chenopodiaceae.
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1. PHYTOLACCACEAE

R. Brown 1818 (including Agdestidaceae Nakai 1942, 
Hilleriaceae Nakai 1942, Lophiocarpaceae Doweld et 
Reveal 2005, Petiveriaceae C. Agardh 1824, Rivina-
ceae C. Agardh 1824, Sarcocaceae Rafi nesque 1837, 
Seguieriaceae Nakai 1942). 15/50. Subcosmopolitan.

1.1. PHYTOLACCOIDEAE
Fibers vasicentric. Perianth segments usually 5. 
Carpels 3–17, free or united. Fruit a berry. – Anisomeria, 
Ercilla, Phytolacca, Nowickea.

1.2. RIVINIOIDEAE
Shrubs, lianas or herbs. Perianth segments usually 4. 
Carpel one. Fruits indehiscent, often samaroid,  pericarp 
mostly adherent to the seed. – rivineae (petiver-
ieae): Rivina, Trichostigma, Schindleria, Hilleria, 
Ledenbergia, Petiveria, Monococcus; seguierieae: 
Gallesia, Seguieria; lophiocarpeae: Lophiocarpus.

1.3. AGDESTIDOIDEAE
Semiwoody liana with massive globose rootstock and 
anomolous secondary growth. True tracheids present. 
Sepals four, rarely fi ve (in terminal fl owers). Carpels 
(3)4, united. Ovary semi-inferior. Fruits a 1-seeded 
achene with sepalline wings. – Agdestis.

2. RHABDODENDRACEAE

Prance 1968. 1/4. Tropical South America (the Guianas 
and Brazil).

Rhabdodendron.
Prance (1968, 1972) closed Rhabdodendraceae 

with Phytolaccaceae. Gadek et al. (1996) suggested a 
 relationship Rhabdodendraceae with the caryophyllid 
clade in which Phytolaccaceae are also placed based 
on molecular evidence. Fay et al. (1997) indicated that 
Rhabdodendron belongs within Caryophyllidae, but 
without a close relationship to other families. APG II 
(2003) includes Rhabdodendraceae in to Caryophylales 
sensu lato. The family is very isolated and represent a 
separate order and even superorder (Doweld 2002).

3. GISEKIACEAE

Nakai 1942. 1/7. From tropical and South Africa to 
South Vietnam, but mainly African.

Gisekia.

Beginning with Bentham and Hooker (1867), many 
authors assigned Gisekia to the Aizoaceae. Others, 
including Cronquist (1981), Thorne (1983, 2005) and 
Rohwer (1993), transfer it to the Phytolaccaceae s. 1. 
Hutchinson (1926, 1959, 1973) includes Gisekia in the 
Molluginaceae, with some members of which, espe-
cially Limeum, it shares some morphological features. 
Embryological data also show a close relationship of 
Gisekia with Mollugo (Raghavan and Srinivasan 1940). 
However, Gisekia differs from the Molluginaceae not 
only in its apocarpous gynoecium and indehiscent fruits 
but also in the presence of betalains. From the Aizoaceae, 
with which Gisekia shares some chemical characters 
(Narayana and Narayana 1988; Richardson 1981), it 
differs in its apocarpous gynoecium as well as its free 
sepals, apetalous fl owers, fruit morphology, etc. From 
the Phytolaccaceae it differs in cymose infl orescences 
and dry, nutlike fruitlets as well as in the morphology of 
its vegetative organs. However, the endexine of Gisekia 
suggests a relationship to the Phytolaccaceae (Nowicke 
in Behnke and Mabry 1994).

4. SARCOBATACEAE

Behnke 1997. 1/2. North America.
Sarcobatus.
The genus Sarcobatus are usually including in the 

Chenopodiaceae. However, according to Behnke (1997), 
Sarcobatus markedly differs from Cheno podiaceae. The 
important feature that sets off Sarcobatus from the 
remainder of the Chenopodiaceae are specifi c sieve-ele-
ments plastids. The sieve-element plastids of Sarcobatus 
are of the form P3cf with a globular central and an addi-
tional rodlike protein  crystal not found elsewhere in the 
Chenopodiaceae (Behnke 1993). “If I had to decide by 
the sieve-element plastid data where to place Sarcobatus” 
says Behnke, “I would select the suborder Phytolacineae, 
where some genera of the Phytolaccaceae and 
Nyctaginaceae have the same characteristics.”

5. BARBEUIACEAE

Nakai 1942. 1/1. Madagascar.
Barbeuia.
This large woody vine may be regarded as a very 

advanced and specialized derivative of the Phytol-
accaceae. Sieve-element plastids are similar to those of 
the Phytolaccaceae (Behnke 1993).
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6. ACHATOCARPACEAE

Heimerl 1934. 2/10. From Texas and northwestern 
Mexico to Paraguay and Argentina.

Achatocarpus, Phaulothamnus.
Probably derived from the Phytolaccaceae. Among 

the many differences from the Phytolaccaceae are the 
sieve-element plastids with polygonal central crystals 
(Behnke in Behnke and Mabry 1994).

7. NYCTAGINACEAE

A. L. de Jussieu 1789 (including Allioniaceae 
Horaninow 1834, Bougainvilleaceae J. Agardh 1858, 
Mirabilidaceae W. R. B. Oliver 1936, Pisoniaceae J. 
Agardh 1858). 32/400. Tropical and subtropical 
regions, particularly in America. Phaeoptilum is 
endemic to southwestern Africa.

boldoeae: Boldoa, Salpianthus, Cryptocarpus; 
leucastereae: Andradea, Ramisia, Leucaster, 
Reichenbachia; nyctagineae: Colignoma, Pisoniella, 
Boerhavia; Anulocaulis, Cyphomeris, Commicarpus, 
Caribea, Acleisanthes, Selinocarpus, Okenia, Mirabilis, 
Cuscatlania, Nyctaginia, Allionia, Phaeoptilum; 
abronieae: Abronia, Tripterocalyx; bougainvilleeae: 
Bougainvillea, Belemia; pisonieae: Pisonia, Guapira, 
Neea, Neeopsis, Cephalotomandra, Grajalesia.

An advanced entomophilous family derived from 
the Phytolaccaceae stock. Stands close to the 
Petiveriaceae. According to Baillon (1875), the gynoe-
cium of Nyctaginaceae is constructed like that of the 
Rivineae.

8. AIZOACEAE

Martynov 1820 (including Galeniaceae Rafi nesque 
1819, Mesembryaceae Dumortier 1829, Mesembryan-
themaceae Burnett 1835, Sesuviaceae Horaninow 
1834, Tetragoniaceae Link 1831). Circa 130/2500. 
Dryer parts of tropical and subtropical regions, but 
centered mainly in South and southwestern Africa; 
there is also a small center in western and southern 
Australia.

8.1 AIZOOIDEAE
Annuals to perennials, with herbaceous or woody 
branches; leaves slightly succulent, mostly alternate, 
fl at or more rarely cylindrical; infl orescence leafy, 

perianth internally petaloid, externally sepaloid; fl ow-
ers perigynous, epigynous, or rarely hypogynous, with 
a holonectary; capsules loculicidal or septicidal, often 
hygrochastic or a winged nut or horn-shaped, n = 8. – 
Gunniopsis, Aizoanthemum, Aizoon, Plinthus, Galenia, 
Acrosanthes.

8.2 TETRAGONIOIDEAE
Shrublets or perennials with alternate, entire leaves. 
Flowers small, inconspicuous, in andromonoecious 
infl orescence. Fruits nutlike, usually with acute horns, 
n = 8. – Tetragonia, Tribulocarpus.

8.3. SESUVIOIDEAE
Prostrate to erect perennials or annuals; leaves slightly 
succulent, petiolate, often stipulate, fl at or more 
rarely cylindrical; infl orescence bracteate; perianth 
internally petaloid, externally sepaloid; fl ower perig-
ynous, with a holonectary; fruit a circumscissile cap-
sule or compound and fused to spinous bracts; seed 
arilate, n = 8. – Cypselea, Sesuvium, Trianthema, 
Zaleya.

8.4 MESEMBRYANTHEMOIDEAE
Annual to short-lived or perennial herbs or shrubs, cor-
tex with vascular bundles; leaves succulent, usually 
fl at to almost cylindrical and channeled, bladder cells 
often large and conspicuous; fl owers with petals of sta-
minodial origin, with a central placenta, ovary half-
inferior or inferior, nectaries koilomorphic, i.e., always 
separated and grooved; fruit a hygrochastic capsule 
with purely septal expanding keels reaching from the 
central columella to the tip of the valve or very rarely 
a woody nut; n = 9. – Mesembryanthemum, 
Synaptophyllum, Phyllobolus, Aptenia, Aspazoma, 
Aridaria, Caulipsolon, Prenia, Sceletium, Psilocaulon, 
Brownanthus.

8.5 RUSCHIOIDEAE
Perennial shrubs, rarely annual; leaves succulent, usu-
ally cylindrical or trigonous, rarely fl at, epidermis 
rarely with conspicuous bladder cells, usually xero-
morphic; fl owers with petals of staminodial origin, 
with a basal or pariental placenta, ovary inferior, nec-
taries lophomorphic, i. e., crested, either separated or 
in a ring or rarely glands fl attened; fruit a hygrochas-
tic capsule with expanding keels of mainly valvar ori-
gin with only small septal portion near the outer rim 
of the locule, never reaching to the center of the fruit, 
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mostly with covering membranes and additional clos-
ing devises; n = 9. – apatesieae: Apatesia, 
Carpanthea, Hymenogyne, Caryotophora, Conicosia, 
Suphesia, Skiatophytum; dorotheantheae: 
Aethephyllum, Cleretum, Dorotheanthus; RUSCHIAE: 
Bergeranthus, Bijlia, Carruanthus, Cerochlamys, 
Chas matophyllum, Corpuscularia, Delosperma, Drosan-
themum, Ecto tropis, Faucaria, Frithia, Gib baeum, 
Hereroa, Machairophyllum, Malephora, Mestoklema, 
Mossia, Muiria, Neohenricia, Orthopterum, 
Oscularia, Rabiea, Rhinephyllum, Rhombophyllum, 
Ruschianthus, Trichodiadema, Stomatium, Deilanthe, 
Smicrostigma, Oophytum, Vanzijlia, Schlechteranthus, 
Nananthus, Hammeria, Marlothistella, Zeuktophyllum, 
Acrodon, Didymaotus, Namibia, Wooleya, Aloinopsis, 
Dinteranthus, Juttadinteria, Ihlenfeldtia, Cheiridopsis, 
Diplosoma, Jacobsenia, Sarcozona, Octopoma, 
Vlokia, Pleiospilos, Titanopsis, Osammophora, 
Amphibolia, Circandra, Antegibbaeum, Disphyma, 
Cylindro phyllum, Ottosonderia, Scopelogena, Hart-
manthus, Dicrocaulon, Leipoldtia, Arenifera, 
Meyerophytum, Dracophilus, Feenestraria, Eber-
lanzia, Glottiphyllum, Jordaaniella, Odontophorus, 
Ebrac teola, Argyroderma, Enarganthe, Hallianthus, 
Stayneria, Khadia, Lapidaria, Nelia, Lithops, Astridia, 
Mitrophyllum, Braunsia, Jensenobotrya, Conophytum, 
Lampranthus, Carpobrotus, Erepsia, Ruschian-
themum, Ruschia, Monilaria, Namaquanthus, 
Antimima, Vanheerdea, Schwantesia, Tanquana, 
Cephalophyllum, Stroeberia.

Closely related to the Phytolaccaceae, but more 
advanced.

9. STEGNOSPERMATACEAE

Nakai 1942. 1/4. From Baja California to Central 
America and West Indies.

Stegnosperma.
Stegnosperma is usually included in the 

Phytolaccaceae, from which it differs in its fl ower 
morphology (Hofmann 1973), particularly in the pres-
ence of petaloid staminodia as well as in sieve-element 
plastids with polygonal protein crystal as in 
Achatocarpaceae and Caryophyllaceae (Behnke 1976b, 
1982; Behnke in Behnke and Mabry 1994), in seeds 
almost completely covered by a large fl eshy funicular 
aril, in capsular fruits, and in the presence of quercetin 
and kaempferol glycosides (Richardson 1981). They 

differ also in wood anatomy. According to Carlquist 
(1999), diffuse axial parenchyma is common in 
Stegnosperma, but has not been reported in other 
Caryophyllales. He also agrees with Rodman (1994), 
that Stegnosperma is basal in Caryophyllales.

10. PORTULACACEAE

A.L. de Jussieu 1789 (including Montiaceae 
Rafi nesque 1820, Talinaceae Doweld 2001). 28/450 or 
more. Very widely distributed, but mainly in warm 
and temperate regions, particularly well represented 
in South Africa, western North America and southern 
South America.

portulaceae: Portulaca, Grahamia; talineae: 
Talinopsis, Talinaria, Anacampseros, Lewisia, Calan-
drinia, Montiopsis, Erocallis, Calandrinia (including ? 
Baitaria), Cistanthe, Rumicastrum, Monocosmia, 
Talinum, Talinella, Amphipetalum, Schreiteria, Lenzia, 
Calyptridium (including Spraguea), Claytonia, Lim-
nalsine, Naiocrene, Neopaxia, Mona, Montia, Monti-
astrum, Maxia, Crunocallis.

Allied to the Aizoaceae and Cactaceae and espe-
cially to the Hectorellaceae and Basellaceae. Probably 
derived directly from the Phytolaccaceae stock.

11. HECTORELLACEAE

Philipson et Skipworth 1961. 2/2. New Zealand (South 
Island) and Kerguelen Island.

Hectorella, Lyallia.
Very close to the Portulacaceae, from which they 

differ in stamens alternating with the sepals and attached 
to the calyx tube and in the densely imbricate arrange-
ment of coriaceous estipulate leaves. Sieve-element 
plastids with globular protein crystal resemble those of 
the Portulacaceae (Behnke 1975, 1976b, 1993).

12. BASELLACEAE

Rafi nesque 1837 (including Anrederaceae J. Agardh 
1858 and Ullucaceae Nakai 1942). 4/20. Mainly tropi-
cal and subtropical regions of America, but also tropi-
cal Africa, Madagascar, southern Asia, New Guinea, 
and some Pacifi c islands.
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baselleae: Basella, Ullucus, Tournonia; boussin-
gaultieae: Anredera (including Boussingaultia).

Very close to the Portulacaceae, especially to Montia, 
with which they share not only similar features of fl oral 
morphology but also the presence of bicollateral bundles 
resulting from the tardy development of internal phloem, 
the absence of anomalous secondary growth, the pres-
ence of mucilaginous cells as well as sieve-element 
plastids with central globular protein crystal (Behnke 
1976b) and the absence of epicuticular wax projections 
(Engel and Barthlott 1988; Barthlott in Behnke and 
Mabry 1994). However, from the Portulacaceae the 
family Basellaceae differs not only in the twining or 
scrambling habit but also in its considerably larger pro-
tein crystals of the sieve-element plastids (Behnke in 
Behnke and Mabry 1994), solitary ovules (among the 
Portulacaceae only Portulacaria and Ceraria have a 
solitary ovule), and its indehiscent fruit (indehiscent 
nutlike fruits are  characteristic of the somewhat transi-
tional genus Portulacaria). The family is divided into 
two well- defi ned groups – Baselleae, with fi laments 
erect and straight in the bud and spirally twisted embryo, 
and Boussingaultieae, with fi laments refl exed outward 
in the bud and an annular embryo.

13. HALOPHYTACEAE

A. Soriano 1984. 1/1. Arid regions of Argentina (from 
La-Rioja to Santa-Cruz).

Halophytum.
A very specialized annual succulent herb that has 

usually been included in the Chenopodiaceae and is 
kept there even in Cronquist’s system (1981). However 
from the Chenopodiaceae it differs markedly in the 
ultrastructure of the sieve-element plastids, which pos-
sess a central globular crystal (Hunziker et al. 1974; 
Behnke in Behnke and Mabry 1994). According to 
Hunziker et al. (2000) Halophytaceae closely related 
with Basellaceae, and perhaps also with the 
Hectorellaceae and Portulacaceae, this idea also sup-
ported by the P-type of sieve-element plastids, the oral 
structure and pollen morphology (Nowicke and Skvarla 
1979) and ontogeny of stomata (De Fulvio, 1975).

14. CACTACEAE

A.L. de Jussieu 1789 (including Cereaceae De Candolle 
et Sprengel 1821, Nopaleaceae Schmid et Curtman 

1856, Opuntiaceae Desvaux 1817). About 100/1500 or 
more. Arid and semiarid regions of America from 
British Columbia and Alberta as far south as Patagonia, 
concentrated in the dryer regions of Mexico, south-
western United States, and southern South America; 
the only paleotropical member of the family is Rhip-
salis baccifera in Africa, Madagascar, Mascarenes, 
Seychelles, and Sri Lanka.

14.1 PERESKIOIDEAE
Leaves large, supervolute, with lamina. Spines present, 
but glochids absent. Tree-like, shrubby or scandent 
plants. Ovary from superior to fully inferior. Funicles 
fl eshy in fruit. Seeds black and without an aril, unspe-
cialized, without complicated seed coat structure; they 
resemble very much the seed coats of many 
Portulacaceae (e.g., Claytonia) and Didiereaceae, e.g., 
Alluaudia) and support the ancestral position of the 
family (Behnke and Barthlott 1983). – Pereskia 
(including Rhodocactus).

14.2 MAIHUENIOIDEAE
Leaves small, terete, persistent; spines usually three. 
Caespitose shrubs. Stems succulent, globose or short-
cylindric. Stomata parallelocytic. Flowers terminal, 
solitary. Fruits obovoid or oblong, somewhat fl eshy. 
Seeds almost circular. – Maihuenia.

14.3 OPUNTIOIDEAE
Leaves and glochids present. Seeds covered by pale, 
bony aril or winged, exhibiting particularly specialized 
and unique type. This verifi es the isolated position of 
the subfamily, also indicated by its pollen morphology 
(Behnke and Barthlott 1983). – Pereskiopsis, Quia-
bentia, Tacinga, Opuntia, Pterocactus.

14.4 CACTOIDEAE
Leaves absent or very minute, glochids absent. Seeds 
black or brown, not enveloped by a bony aril. The 
Cactoideae display a great and complex diversity of 
seed coat characters that refl ects their advanced posi-
tion within the family. – echinocereeae: Leptocereus, 
Harrisia, Acanthocereus, Peniocereus, Echinocereus; 
hylocereeae: Weberocereus, Hylocereus, Selenicereus, 
Epiphyllum, Disocactus, Pseudorhipsalis; cereeae: 
Cereus, Cipocereus, Brasilicereus, Piloso cereus, 
Stephanocereus, Arrojadoa, Micranthocereus, 
Coleocephalocereus, Melocactus; trichocereeae: 
Cleistocactus, Leocereus, Haageocereus, Brachycereus, 
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Espostoa, Espostoopsis, Facheiroa, Samaipaticereus, 
Cleistocactus, Denmoza, Oreocereus, Matucana, Oroya, 
Echinopsis, Arthrocereus, Rebutia, Mila, Gymnocaly-
cium, Discocactus; notocacteae: Corryocactus, 
Austrocactus, Eulychnia, Copiapoa, Neowerdermannia, 
Eriosyce, Neoporteria, Parodia, Blossfeldia, Frailea, 
Uebelmannia; rhipsalideae: Lepismium, Rhipsalis, 
Hatiora, Schlumbergera; browningieae: Calymman-
thium, Armatocereus, Jasminocereus, Neoraimondia, 
Browningia, Stetsonia; pachycereeae: Bergerocactus, 
Pachycereus, Carnegiea, Neobuxbaumia, Cephalo-
cereus, Stenocereus, Rathbunia, Polaskia, Escontria, 
Myrtillocactus; cacteae: Echinocactus, Geohintonia, 
Astrophytum, Sclerocactus, Pediocactus, Thelocactus, 
Coryphantha, Neolloydia, Mammilloydia, Epithel-
antha, Ariocarpus, Lophophora, Obergonia, Strombo-
cactus, Aztekium, Pelecyphora, Ferocactus, 
Leuchtenbergia, Stenocactus, Escobaria, Ortegocactus, 
Mammillaria.

Morphological studies over the last few decades 
(and likewise chemotaxonomic data) have confi rmed 
the close affi nity of the Cactaceae with the 
Phytolaccaceae, Portulacaceae, Didiereaceae, and 
Aizoaceae. As early as 1862 Bentham and Hooker 
included Cactaceae together with the Ficoideae 
(Aizoaceae) in the order Ficoidales and thus correctly 
showed their affi nity. In Hauler’s and Wettstein’s sys-
tems the Cactaceae stand between Aizoaceae and 
Portulacaceae. Numerous morphological data, accu-
mulated during the last decades, fully confi rm the 
closeness of Cactaceae to the Phytolaccaceae, 
Aizoaceae, and Portulacaceae (see Chorinsky 1931; 
Mauritzon 1934; Martin 1946; Buxbaum 1962; 
Erdtman 1952; Barthlott and Hunt 1993). The relation-
ship of the Cactaceae with the other members of 
Caryophyllales is supported also by phytochemical 
data (Reznik 1955; Hegnauer 1964, 1989). The sub-
family Pereskioideae is in some respects an intermedi-
ate group between the apocarpous ancestors and more 
advanced subfamilies of the Cactaceae.

15. DIDIEREACEAE

Radlkofer 1896 (including Portulacariaceae Doweld 
2001). 7/16. South Africa (Portulacaria and Ceraria), 
trop. Africa (Calyptrotheca), southern and south 
 western Madagascar.

15.1 DIDIEROIDEAE
Very spiny xerophytic shrubs or trees. Leaves alter-
nate, sometimes much reduced. Ovary (2)3–4-locular, 
but usually only one locule is fertile. Fruit dry, indehis-
cent. – Decaryia, Alluaudiopsis, Alluaudia, Didierea.

15.2 PORTULACARIOIDEAE
Much-branched glabrous shrubs with waxy bark. 
Leaves opposite, succulent. Flowers in cymose clus-
ters. Sepals persistent. Ovule solitary. Fruit a thin 
walled nut with a single seed. – Portulacaria, 
Ceraria.

15.3 CALYPTROTHECOIDEAE
Shrubs or small trees, sometimes climbing. Leaves 
alternate, succulent with crinkled margins. Flowers in 
panicles of cymes. Stamens up to 60. Ovules six. 
Capsule circumscissile at the base, splitting upwards 
into six valves. Seed solitary, arillate. – Calyptrotheca.

Have a common origin with the Cactaceae and 
Portulacaceae and stand close to them. As early as 
1908 and 1912 Hallier included Didiereaceae in the 
Caryophyllales and put them near the Portulacaceae 
s. 1. as their possible derivatives. According to 
Erdtman (1948, 1952) pollen grains of the Didiereaceae 
reveal many common features with the Nyctaginaceae 
(Phaeoptilum and others) and stratifi cation of the 
exine resembles some pollen types of Cactaceae. 
Close affi nity with the Cactaceae is confi rmed by the 
resemblance in the structure of vegetative organs of 
Didiereaceae and primitive members of the Cactaceae 
as well as by the successful grafting of stems of 
Didiereaceae to Pereskiopsis and Trichocereus (Rauh 
and Reznik 1961). At the same time Didiereaceae 
have much in common in fl oral morphology with the 
Portulacaceae (see Scholch 1963) and their epicuticu-
lar wax ultrastructure (irregular platelets and curled 
ribbons) looks much the same as that of Aizoaceae 
and Cactaceae (Engel and Barthlott 1988; Barthlott in 
Behnke and Mabry 1994). In addition, embryo devel-
opment of the Didiereaceae is of the Chenopodium-
type, confi rming their placement in the Caryophyllales 
(Scholch 1963). The formation of betalains instead of 
anthocyanins (Reznik 1955, 1975) and sieve-element 
plastids with globular protein crystal (Behnke 1976b, 
1978, 1982) as well as serological studies (Jensen 
1965) also place the Didiereaceae in the order 
Caryophyllales.
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16. MOLLUGINACEAE

Bartling 1825 (including Adenogrammaceae Nakai 
1942, Glinaceae Dumortier 1829, Pharnaceaceae 
Martynov 1820, Polpodaceae Nakai 1942, Telephiaceae 
Martynov 1820). 12/120. Mainly tropical and subtrop-
ical regions, especially in Africa.

Corbichonia, Macarthuria, Psammotropha, Adeno-
gramma, Glischrothamnus, Mollugo, Glinus, Hypertelis, 
Pharnaceum, Suessenguthiella, Coelan thum, Polpoda.

Related to the Phytolaccaceae, Aizoaceae, and 
especially to the Sesuviaceae, differing mainly in 
the absence of betalains. Also, they differ from the 
Aizoaceae and Sesuviaceae in the presence of fl a-
vonols and of C-glycosyl-fl avonoids (viteksin and 
 isoviteksin) (Richardson 1978, 1981). The plastids 
of Glinus include some starch grains (Behnke 1976b; 
Behnke et al. 1983a, b), which is rare in the order. In 
all other Molluginaceae the plastids have globular pro-
tein crystals.

According to Endress and Bittrich (1993), the inclu-
sion of the poorly known South African genus Polpoda 
in the Molluginaceae is dubious. The stylodia are con-
nate at the base, a condition not found in the 
Molluginaceae (Hofmann in Behnke and Mabry 1994).

17. LIMEACEAE

Shipunov ex Reveal 2005. 1/21. Southern Africa, to 
Ethiopia, S. Asia.

Limeum.
Related to Molluginaceae, but differs in a lacking of 

pigments and type of sieve-element plastids (Behnke 
et al. 1983).

18. CARYOPHYLLACEAE

A.L. de Jussieu 1789 (including Alsinaceae Bartling 
1825, Cerastiaceae Vest 1818, Corrigiolaceae 
Dumortier 1829, Dianthaceae Vest 1818, Herniariaceae 
Martynov 1820, Illecebraceae R. Brown 1810, 
Lychnidaceae Löll 1843, Ortegaceae Martynov 1820, 
Paronychiaceae A. L de Jussieu 1815, Polycarpaeaceae 
Martens 1835, Scleranthaceae J. Presl et C. Presl 1820, 
Silenaceae Bartling 1825, Spergulaceae Bartling 1825, 
Stellariaceae Berchtold et J. Presl 1820, Telephiaceae 

Martynov 1820). 104/ 2400. Mainly temperate regions 
of the Northern Hemisphere with some species in the 
Arctic, in the temperate regions of the Southern 
Hemisphere, and on mountains in the tropics. The cen-
ter of distribution is in the Mediterranean region and 
adjoining parts of Europe, and in western and Central 
Asia. All the larger genera are found in the Northern 
Hemisphere.

18.1 ILLECEBRIOIDEAE
Arnot 1832 (PARONYCHIOIDEAE A. Saint-Hilaire 
1839). Stipules almost always present, mostly scari-
ous. Leaves alternate. Sepals free or slightly connate. 
Petals mostly inconspicuous or absent. Pollen grains 
3-colpate (rarely 3-colporate in Polycarpaea spp.) to 
pantocolpate and pantoporate. – sperguleae: 
Spergula, Spergularia; telephieae: Telephium; cor-
rigioleae: Corrigiola; xerotieae: Xerotia; poly-
carpaeae: Drymaria, Sanctambrosia, Polycarpon, 
Polycarpaea, Ortegia, Loefl ingia, Haya, Krauseola, 
Polytepalum, Stipulicida, Cerdia, Microphyes, Pirinia; 
paronychieae: Cometes, Dicheranthus, Pteranthus, 
Sphaero coma, Sclerocephalus, Lochia, Paronychia, 
Herniaria, Philippiella, Chaetonychia, Achyronychia, 
Illecebrum, Cardionema, Scopulophila, Pollichia.

18.2 MINUARTIOIDEAE (ALSINOIDEAE)
Stipules absent. Leaves opposite. Sepals free or rarely 
connate at the base. Petals present or rarely absent. 
Fruits mainly capsules, rarely indehiscent. – alsineae: 
Arenaria, Dichodon, Eremogone, Thylaco spermum, 
Moehringia, Brachystemma, Thurya, Bufonia, 
Lepyrodiclis, Cerastium, Stellaria, Mesoste mma, 
Tytthostemma, Fimbripetallum, Pseudostellaria, 
Moenchia, Holosteum, Myosoton, Minuartia, Queria, 
Wilhelmsia, Honkenya, Sagina, Colobanthus, Alsiniden-
dron, Schiedea, Reicheella, Plettkea, Pycnophyllopsis; 
pycnophylleae: Pycnophyllum; SCLERANTHEAE: 
Scleranthus, Pentastemonodiscus; Sgeocarpeae: 
Geocarpon; HABROSIEAE: Habrosia.

18.3 CARYOPHYLLOIDEAE
Stipules absent. Sepals connate. Petals present, often 
clawed. – caryophylleae: Acanthophyllum, 
Kuhitangia, Allochrusa, Scleranthopsis, Ochotono-
phila, Diaphanoptera, Gypsophila, Psammophiliella, 
Dichoglottis, Vaccaria, Pleioneura, Saponaria, 
Spanizium, Bolbosaponaria, Pseudosaponaria, 
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Cyatho phylla, Bolanthus, Ankyropetalum, Phrynella, 
Dianthus, Kohlrauschia, Petrorhagia, Velezia; dryp-
ideae: Drypis; sileneae: Silene, Melandrium, 
Pleconax, Ixoca, Oberna, Petrocoma, Lychnis, Steris, 
Gastrolychnis, Petrocoptis, Cucubalus, Agrostemma, 
Uebelinia.

The Caryophyllaceae are closely related to the 
Molluginaceae and probably have a common origin 
with them. They are probably an early branch from the 
protophytolaccaceous ancestor, which had no betalain 
yet. A special variety of P-type sieve- element plastids 
with polygonal central protein crystal is characteristic 
of the Caryophyllaceae as well as of Limeum and 
Macarthuria in the Molluginaceae (Behnke 1969, 
1975b, c, 1976b, c, 1993). Besides, the micromorpho-
logy of epicuticular waxes in the Caryophyllaceae is 
very much similar to that of Molluginaceae by the fre-
quent occurrence of irregular platelets and rodlets (Engel 
and Barthlott 1988; Barthlott in Behnke and Mabry 
1994). According to Eichler (1875) the Caryo phyllaceae-
type of fl ower originated from the Phytolacca-type as a 
result of transformation of the outer whorl of stamens 
into petals.

19. SIMMONDSIACEAE

van Tieghem 1899. 1/1. Southern California, western 
Arizona, northern Baja California.

Simmondsia.
Simmondsiaceae are similar to Caryophyllales in 

having normal secondary growth, wood anatomy, 
 pollen morphology, and seeds without endosperm.

20. AMARANTHACEAE

A. L. de Jussieu 1789 (including Achyranthaceae 
Rafi nesque 1837, Celosiaceae Martynov 1820, Deerin-
giaceae J. Agardh 1858, Gomphrenaceae Rafi nesque 
1837, Polycnemaceae Menge 1839). 69/1000 or more. 
Widely distributed in tropical, subtropical and warm-
temperate regions. Concentrated in Africa south of the 
Sahara, southwestern North America, and Central and 
South America.

20.1 POLYCNEMOIDEAE
Embryo annular. Stem with normal secondary growth. 
Flowers bisexual, solitary, with bracteoles. — 
Polycnemum, Hemichroa, Nitrophila.

20.2 AMARANTHOIDEAE. 
Anthers tetrasporangiate and 2-locular. Ovules several or 
solitary on a basal or short, free-central placenta. – 
celosieae: Deeringia (including Dendroportulaca), 
Pleuropetalum, Henonia, Celosia, Hermbstaedtia; ama-
rantheae: Bosea, Chamissoa, Herbstia, Siamosia, 
Allmania, Charpentiera, Indobanalia, Lagrezia, 
Amaranthus, Digera, Neocentema, Pleuropterantha, 
Saltia, Sericostachys, Sericoco mopsis, Sericocoma, 
Pseudosericocoma, Kyphocarpa, Centemo psis, Nelsia, 
Sericorema, Centema, Erio stylos, Lopriorea, Rosifax, 
Leucosphaera, Cyathula, Allmaniopsis, Pupalia, 
Marcelliopsis, Daysphaera, Volkensinia, Arthraerua, 
Aerva, Polyrhabda, Trichuriella, Nothosaerva, 
Nototrichium, Calicorema, Chionothrix, Stilbanthus, 
Mechowia, Nyssanthes, Ptilotus, Psilotrichum, 
Psilotrichopsis, Achyranthes, Centrostachys, Achyropsis, 
Pandiaka.

20.3 GOMPHRENOIDEAE
Anthers disporangiate and 1-locular. Ovules usually 
solitary and basal, rarely apical and pendulous. – pseu-
doplantageae: Pseudoplantago; gomphreneae: 
Guilleminea, Tidestromia, Froelichia, Froelichiella, 
Pfaffi a, Alternanthera, Woehleria, Gomphrena, 
Pseudogomphrena, Iresine, Orenella, Blutaparon, 
Lithophila.

The Amaranthaceae reveal some links with the 
Petiveriaceae and Achatocarpaceae. In the relatively 
most archaic members of the family, such as 
Deeringia and Pleuropetalum, the gynoecium is 
even more primitive than in Achatocarpaceae and 
Petiveriaceae.

21. CHENOPODIACEAE

Ventenat 1799 (including Atriplicaceae A.L. de Jussieu 
1789, Betaceae Burnett 1835, Blitaceae Post et Kuntze 
1903, Dysphaniaceae Pax 1927, Salicorniaceae 
Martynov 1820, Salsolaceae Menge 1839, Spinaciaceae 
Menge 1839). 103/1600. Widely distributed in temper-
ate and subtropical regions, mainly in saline habitats; 
particularly well represented around the Mediterranean 
and Red Sea, in deserts and semideserts of Irano-
Turanian region, in the edge of the Sahara, and in the 
Karoo of South Africa, the deserts of Australia, and the 
alkaline areas of the United States of America and 
Argentina.
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21.1 CHENOPODIOIDEAE
Embryo annular or less often curved. Leaves well 
developed, mostly broad, sometimes narrow and fl eshy 
or scalelike. Fruits surrounded by the persistent 
 perianth or by bracteoles. Perisperm usually present. 
– beteae: Acroglochin, Hablitzia, Oreobllton, 
Aphanisma, Beta; chenopodieae: Rhagodia, 
Holmbergia, Baolia, Chenopodium, Teloxys, 
Scleroblitum, Dysphania, Monolepis; atripliceae: 
Axyris, Endolepis, Atriplex, Exomis, Archiatriplex, 
Microgynoecium, Suckleya, Krascheninnikovia, 
Grayia, Ceratocarpus, Spinacia, Zuckia; camphoros-
meae: Kirilowia, Panderia, Camphorosma, Cycloloma, 
Chenolea, Bassia, Londesia; sclerolaeneae: 
Maireana, Eremophea, Enchylaena, Didymanthus, 
Neobassia, Malacocera, Dissocarpus, Babbagia, 
Threlkeldia, Sclerolaena, Roycea; corispermeae: 
Corispermum, Agriophyllum, Anthochlamys.

21.2 MICROTEOIDEAE
Embryo annular. Annual herbs, sometimes suffrutes-
cent at the base. Flowers in spike or spike-like racemes, 
bisexual, actinomorphic. Anthers globose, pollen 
grains pantoporate. Style absent or nearly so. Fruit an 
achene, muricate to spiny. – Microtea.

21.3 SALICORNIOIDEAE
Embryo annular or curved, rarely straight. Perisperm 
present. Stems succulent, articulated, with leaves 
reduced to tubercles or scales. Flowers usually in groups 
of three sunken into cavities in the axis of spiciform 
infl orescences. – halopeplideae: Halopeplis, 
Kalidium; salicornieae: Allenrolfea, Halocnemum, 
Halostachys, Heterostachys, Pachycornia, Sclerostegia, 
Arthrocnemum, Microcnemum, Halosarcia, Tecticornia, 
Tegicornia, Sarcocornia, Salicornia.

21.4 SALSOLOIDEAE
Embryo spirally coiled. Perisperm usually lacking. 
Leaves mostly linear to fi liform, terete, sometimes 
 scalelike. Flowers usually 1–3, in the axils of the bracts, 
usually bracteolate. – suaedeae: Suaeda, Alexandra, 
Bienertia, Borsczowia; salsoleae: Haloxylon, 
Sympegma, Noaea, Salsola, Climacoptera, Halothamnus, 
Cyathobasis, Anabasis, Halogeton, Micropeplis, 
Seldlitzia, Arthrophytum, Iljinia, Nanophyton, 
Girgensohnia, Halocharis, Halanthium, Fadenia, Sevada, 
Choriptera, Rhaphidophyton, Ofaiston, Cornulaca, 
Traganum, Traganopsis, Nucularia,Horaninowia, 

Piptoptera, Gamanthus, Halarchon, Petrosimonia, 
Halimocnemis, Halotis, Lagenantha.

The Chenopodiaceae stand very close to the 
Amaranthaceae with which they have a common 
origin.

The American genus Microtea, which is usually 
included in the Phytolaccaceae s. 1., has many features 
in common with the Chenopodiaceae and often has 
been considered a link between these two  families. 
According to Nowicke (Nowicke in Behnke and Mabry 
1994:215), the transfer of Microtea to either 
Amaranthaceae or Chenopodiaceae is supported, for 
the most part, by pollen data. The grains are  pantoporate, 
have a thin endexine, and a thin foot layer but thick 
tecta, characters common to the Amaranthaceae and 
Chenopodiaceae. Moreover, the pollen of Microtea 
lacks the unusual endexine (fi brous and netlike under 
the aperture) found in many Phytolaccaceae. Recently 
Behnke (1993) has shown that the sieve-element plas-
tids of Microtea are characterized by a very broad 
peripheral ring of protein fi laments and a single tiny 
starch grain. The average diameter of the sieve-element 
plastids of Microtea also corresponds to that of the 
Chenopo diaceae and negates closer relationships to 
the Phytolaccaceae.
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Order 43. PHYSENALES

Small trees or shrubs. Vessels with simple perforations 
with slightly inclined end walls; lateral pitting alternate. 
Rays homogenous or heterogenous. Fibers with simple 
to bordered pits. Axial parenchyma aliform to confl u-
ent and distinctly unilateral, paratracheal. Sieve-element 
plastids of P-type. Nodes unilacunar. Leaves alternate, 
entire, estipulate. Stomata anomocytic. Flowers in 
racemes or panicles, or solitary, unisexual or bisexual. 
Sepals 5–9, slightly unequal, imbricate,  persistent, each 
sepal vascularized by a single trace; petals 5 or absent. 
Stamens 8–25 (usually 10–14), essentially in one 
cycle; fi laments free, short, slightly connate at the 
base; anthers basifi xed or dorsifi xed, tetrasporangiate, 
latrorse, opening longitudinally, with endothecal-like 
connective hypodermis. Pollen grains in monads, 
2–3-colpate or sometimes 6-colpate. Tectum traversed 
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by numerous microchannels, appearing on the surface 
as microperforations; ornamentation is in the form of 
small spines or spinules; endexine lamellate in both 
aperture and nonaperturate regions. Gynoecium of 2–3 
united carpels. Ovary superior, mainly 2–3-locular, 
with 4–5 pendulous, campylotropous, epitropous, 
bitegmic (with the inner integument longer than the 
outer), crassinucellate ovules. Fruits dry, indehiscent. 
Seeds large, with straight or curved embryo, without 
endosperm. Plants producing betalain.

The sister-group relationship of Physena and 
Asteropeia was demonstrated by Morton et al. (1997), 
and the sister relationship of this clade to the remain-
ing core Caryophyllales has been confi rmed in several 
studies (e.g., Morton et al. 1997; Soltis et al. 2000, 
2006; Guénoud et al. 2002).

Key to Families
1 Sepals enlarged and winglike in fruit. Fibers with 

small bordered pits. Rays homogenous. Small to 
tall, evergreen trees and scrambling shrubs. Leaves 
simple, shortly petiolate. Flowers bisexual, in axil-
lary or terminal panicles. Petals fi ve, adnate to the 
calyx, imbricate. Stamens (9)10–15; fi laments 
dilated and connate at the base; anthers small and 
versatile, short- dorsifi xed. Pollen grains 3-colpate 
or 6-colpate, rarely 2-colpate, fi nely spinulate. 
Gynoecium of 3(2) carpels; style usually with 3 sty-
lar branches or with 3-lobed stigma. Ovary usually 
incompletely 3-locular or rarely 2-locular, with 2 or 
less often 4–5 (rarely 6) pendulous, epitropous ovules 
in each locule. Fruits thick-walled, dry, surrounded 
by persistent stamens and strongly accrescent and 
winglike sepals. Seeds reniform to hippocratiform 
with radicle close to large hilum; embryo curved, 
sometimes sigmoid; cotyledons large and thin, spi-
rally coiled……………… 1. asteropeiaceae.

1 Sepals not enlarged and winglike in fruit. Shrub or 
tree. Fibers with simple or minutely bordered pits. 
Rays homogeneous typically with square and/or 
upright cells, or heterogeneous with more than four 
rows of upright and/or square cells. Leaves coria-
ceous, simple, with pinnate venation, and arch-
shaped petiole bundle. Flowers on long pedicels in 
5–10-fl owered axillary racemes (Physena madagas-
cariensis) or  sessile or nearly sessile and solitary, or 
in 2–3-fl owered axillary clusters (P. sessilifl ora), uni-
sexual (dioecious), actinomorphic, apetalous, ane-
mophilous. Stamens (8)10-14(-25); fi laments short, 

slightly connate at the base; anthers long, linear, bas-
ifi xed. Pollen grains 3-colpate or sometimes with 
4–5 short meriodinal colpi; ornamentation is in the 
form of small spines or spinules. Male fl owers with a 
pistillodium. Gymoecium of two carpels. Stylodia 
very long, fi liform, arising from the depression at the 
top of the ovary, connate only at the very base, papil-
late surface nearly along their whole length. Ovary 
2-locular at the base and apex and locular at the 
midlevel, with four ovules (two ovules per locule) on 
axile placentas, each with a long funicle directed 
upward. Ovules campylotropous. Fruits dry, indehis-
cent, 1-seeded, with coriaceous and somewhat 
infl ated pericarp that is separated from the seeds. 
Seeds large, with straight embryo consisting of two 
massive cotyledons of unequal size and minute, 
punctiform radicle. . . . . . . . . . . . . . 2. physenaceae

1. ASTEROPEIACEAE

Takhtajan ex Reveal et Hoogland 1990. 1/8. Madagascar.
Asteropeia.

2. PHYSENACEAE

Takhtajan 1985. 1/2. Madagascar.
Physena.
According to Miller and Dickison (1992), the wood 

of Physena so much resembles that of Asteropeia that 
“solely on wood anatomy, these two genera could be 
placed in the same family.” It is all the more important, 
then, that many years ago Erdtman (1952) noticed simi-
larities between pollen grains of Physena and Asteropeia. 
Morton, Karol, and Chase (1997) also mentioned many 
similarities between Asteropeia and Physena, and con-
sider them other sister group to the Caryophyllales.
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Superorder POLYGONANAE

Order 44. POLYGONALES

Perennial or annual herbs, shrubs, lianas, or trees, often 
with conspicuous swollen nodes. Woody species often 
with anomalous secondary growth; silica bodies and 
calcium oxalate crystals present in wood cells. Vessels 
with simple perforations; lateral pitting alternate; ves-
tured pits mostly absent (except Brunnichia, 
Muehlenbeckia, Triplaris, and Coccoloba – Carlquist 
2003). Fibers with simple pits, mostly septate. Axial 
parenchyma scanty paratracheal or vasicentric. Rays 
from homogeneous to heterogeneous. Sieve-element 
plastids of S-type or (Triplaris, Ruprechtia, Coccoloba) 
Pfs-type (Behnke 1999). Nodes multilacunar or less 
often trilacunar. Leaves alternate, rarely opposite or 
verticillate, entire or rarely pinnatifi d or palmately cleft, 
membranous to fl eshy or leathery, sometimes articu-
lated at the base; stipules interpetiolar, connate into a 
usually membranous or scarious sheath (ochrea) around 
the stem and completely or partly covering the nodes, 
reduced to a row of hairs or wanting in Eriogonoideae 
and in a few members of Polygonoideae. Stomata com-
monly anomocytic, sometimes anisocytic, diacytic, or 
paracytic. Flowers small, seldom solitary, mostly in 
various types of infl orescences, bisexual or less often 
unisexual and dioecious, actinomorphic, 3-merous or 
5-merous, rarely 2-merous, apetalous. Sepals (2-)5 or 6, 
rarely 9 (Rheum), imbricate or quincuncial in bud, green 
and herbaceous to often colored and petaloid, more or 

less connate at the base or forming a short or long fl oral 
tube, persistent and sometimes enlarging in fruit. 
Stamens (3)5–8(9); fi laments fi liform, free or basally 
connate; anthers tetrasporangiate, 2-locular, versatile or 
basifi xed, opening longitudinally. Tapetum secretory. 
Microsporogenesis simultaneous. Pollen grains 3-celled 
or rarely 2-celled, mostly 3-colporate, rarely panto-
hexocolporate (Hong et al. 2005). A nectary disc pres-
ent at the base of the ovary, which is annular as in 
Caryophyllaceae, or nectaries are placed between the 
bases of the fi laments. Gynoecium of three or less often 
two, rarely four, carpels, with free or more or less con-
nate stylodia; ovary superior, subtended by an annular 
(often lobed) glandular disc, unilocular, sometimes 
with vestigial partitions at the base. Ovule solitary, 
basal on more or less well-expressed stalk representing 
a reduced free-central placenta, orthotropous or rarely 
anatropous, bitegmic or sometimes more or less uniteg-
mic through connation (Corner 1976), crassinucellate. 
Female gametophyte of Polygonum-type. Endosperm 
nuclear. Fruits nutlike, very often trigonous, sometimes 
closely subtended by the persistent calyx or enclosed in 
a fl eshy fl oral tube. Seeds of medium size, straight; seed 
coat formed by the outer integument (testal); embryo 
straight or more often curved, well-differentiated, sur-
rounded by a copious, starchy, and oily, horny, some-
times ruminate endosperm with solitary starch grains; 
perisperm essentially lacking. Commonly tannin-
iferous, producing anthocyanins but not betalains, 
 sulphated fl avonols, ellagic acid, n = 7–13.

Polygonales are related to the Caryophyllales and 
probably derived from some of their archaic members 
with 3-colporate pollen grains, apetalous 3-merous 
fl owers, and stipulate leaves. Bessey (1915) included 
Polygonaceae in the Caryophyllales between 
Chenopodiaceae and Nyctaginaceae, while Hallier 
(1908, 1912) derived the family from Portulacaceae s. 
1. (including Basellaceae) and Chenopodiaceae. There 
are many features in common between the 
Polygonaceae and Portulacaceae, especially in the 
morphology of the gynoecium, which in both families 
usually consists of three carpels and is of lysicarpous 
type. In the seeds of Caryophyllaceae there are ves-
tiges of nucellar tissue with very small starch grains, 
which are characteristic of the perisperm of 
Caryophyllales. The amino acid sequence in members 
of the Polygonaceae and Caryophyllales also confi rms 
their affi nity (Boulter 1973). But at the same time the 
Polygonales (as well as the next order Plumbaginales) 
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differ from the Caryophyllales in their S-type sieve-
element plastids and from most of them also in their 
lack of betalains.

1. POLYGONACEAE

A. L. de Jussieu 1789 (including Calligonaceae 
Chalkuziev 1985, Eriogonaceae G. Don 1839, 
Persicariaceae Martynov 1820, Rumicaceae Martynov 
1820). 54/c.1100. Very widely distributed, but chiefl y 
in northern temperate regions; quite a few are tropical, 
including Antigonon, Coccoloba, and Muehlenbeckla.

1.1 ERIOGONOIDEAE
Leaves without well-defi ned stipules (ochrea lacking). 
Branching often sympodial. Infl orescences cymose. 
Flowers always 3-merous. Anthraquinones probably 
lacking. — eriogoneae: Eriogonum, Oxytheca, 
Dedeckera, Gilmania, Stenogonum, Goodmania, 
Nemacaulis, Dodecahema, Aristocapsa, Chorizanthe, 
Mucronea, Systenotheca, Centrostegia, Hollisteria, 
Lastarriaea; pterostegieae: Pterostegia, Harfordia.

1.2 POLYGONOIDEAE.
Leaves with stipular sheaths (ochrea more or less 
developed). Branching monopodial. Infl orescences 
racemose with cymose partial infl orescences. Flowers 
3-merous, 2-merous, or 5-merous. Anthraquinones 
often present. – rumicieae: Rheum, Rumex, Oxyria, 
Emex; persicarieae: Persicaria, Antenoron, Bistorta, 
Aconogonon, Koenigia, Fagopyrum; polygoneae: 
Polygonum, Cephalolophilon, Truellum, Knorringia, 
Chylocalyx Polygonella, Reynoutria, Fallopia, 
Oxygonum; atraphaxideae: Atraphaxis, Pteropyrum, 
Calligonum, Physopyrum, Para pteropyrum; triplar-
ideae: Gymnopodium, Lepto gonum, Ruprechtia, ? 
Enneatypus, Triplaris, Symmeria; coccolobeae: 
Muehlenbeckia, Homalocladium, Coccoloba, 
Antigonon, Brunnichia, Afrobrunnichia, Podopterus, 
Neomillspaughia.
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Order 45. PLUMBAGINALES

Perennial or sometimes annual herbs, subshrubs, or 
low shrubs, rarely lianas. Secondary growth in some 
genera (including Acantholimon, Aegialitis, and 
Limoniastrum) anomalous. Vessels with simple perfo-
rations; lateral pitting alternate. Fibers with simple 
pits. Rays homogeneous. Axial parenchyma scanty 
paratracheal. Sieve-element plastids of S-type. Nodes 
trilacunar. Leaves alternate, entire, usually estipulate, 

only rarely with well-developed stipules, often with 
scattered chalk-glands exuding water and salts, and 
often also raised mucilage glands in leaf axils and on 
the surface. Stomata anomocytic, or anisocytic, or 
paracytic. Flowers in cymose heads or panicles or in 
racemes or spikes, bisexual, actinomorphic, 5-merous, 
with both sepals and petals, bracteate (the bracts some-
times forming on involucre), with 2(1) bracteoles, 
often heterostylic. Sepals connate to form a plicate, 
often conspicuously 5-ribbed or 10-ribbed tube, the 
lobes mostly dry and membranous or scarious, often 
showy, persistent. Petals connate at the very base or 
less often into a tube, often persistent; the petals or 
corolla lobes contorted or imbricate. Stamens fi ve, 
opposite the petals or corolla lobes, or partly adnate to 
the tube; anthers dorsifi xed or (Aegialitis) basifi xed, 
tetrasporangiate, introrse, 2-locular, opening longitu-
dinally. Tapetum secretory. Microsporogenesis simul-
taneous. Pollen grains 2-celled or more often 3-celled, 
tectate-columellate, 3-colpate or rarely 4–5-colpate, 
very rarely pantocolpate, usually dimorphic in the 
Staticoideae. Gynoecium of fi ve united carpels; stylo-
dia more or less distinct (Staticoideae) or connate into 
an apically lobed style (Plumbaginoideae); stigmas 
papillate; ovary superior, unilocular, usually 5-lobed 
or -ribbed, with solitary basal ovule on elongate, slen-
der funicle that almost encircles it. Ovules pendulous, 
anatropous, sometimes circinotropous, bitegmic, 
crassinucellate. Female gametophyte tetrasporic, 4–8-
nucleate, of Fritillaria-, Adoxa-, Plumbagella-, 
Plumbago- and Penaea-type. Endosperm nuclear. 
Fruits mostly more or less enclosed within the persis-
tent calyx, dry, indehiscent or less often tardily cir-
cumscissally dehiscent or splitting upward into valves. 
Seeds small, winged; seed coat formed by both integu-
ments and consists of exotesta and endotegmen (Vovk 
1991). Embryo rather large, green, straight, well-
differentiated; endosperm starchy, more or less 
copious or scanty, sometimes (as in Aegialitis and 
Psylliostachys) absent. Perisperm lacking. Plants often 
salt tolerant; producing various 0-methylated fl avonols 
and anthocyanidins, glycine betaine, choline-O-sul-
phate, plumbagin, kaempferol, quercetin, and myrice-
tin, but no betalains, generally tanniniferous. n = 6–9.

Agardh (1858) put Plumbaginaceae close to the 
Nyctaginaceae and Hallier (1901, 1903, 1908, 1912) 
derived Plumbaginaceae directly from Portulacaceae 
s. 1. (including Basellaceae). With both the 
Portulacaceae and Basellaceae they share the  important 
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feature of a lysicarpous gynoecium, which in 
Plumbaginaceae and Basellaceae is characterized by a 
reduced free central column. Friedrich (1956) brought 
together many gross morphological, anatomical, 
palynological, embryological, and cytological data 
that confi rm the affi nity of the Plumbaginaceae with 
the families of “Centrospermae.” He derived 
Plumbaginaceae directly from the Phytolaccaceae, 
which seems unlikely.

The Plumbaginaceae differ from the Caryophyllales 
in so many features that they deserve the status of a 
separate order. They differ from them by S-type plas-
tids, pollen grain morphology, generally sympetalous 
corolla, the absence of perisperm and presence of 
endosperm, and straight embryo. The rbcL sequence 
data indicate that the Polygonales and Plumbaginales 
should be regarded as sister groups perhaps evolved 
parallel to, rather than directly related to the 
Caryophyllales (Giannasi et al. 1992).

1. PLUMBAGINACEAE

A. L. de Jussieu 1789 (including Aegialitidaceae 
Linczevsky 1968, Armeriaceae Horaninow 1834, 
Limoniaceae Seringe 1851, Staticaceae Cassel 1817). 
29/750–850. Almost cosmopolitan but especially well 
represented in dry and saline habitats, particularly in 
the Mediterranean and Irano-Turanian regions.

1.1 PLUMBAGINOIDEAE
Flowers in racemes or spikes. Sepals herbaceous, more 
or less glandular. Corolla sympetalous. Stamens mostly 
free or partly connate to the corolla. Pollen grains with 
well-defi ned foot-layer, highly irregular columellae, and 
a complete tectum. Stylodia connate into an apically 
lobed style. Naphtoquinone plumbagin, glycine betaines, 
5-O-methylated fl avonols always present, n = 6–7. – 
Plumbago, Plumbagella, Dyerophytum, Ceratostigma.

1.2 STATICOIDEAE
Flowers in panicles or heads with monochasial partial 
infl orescences or rarely (Aegialltis) in leafy, often fork-
branched racemes. Sepals scarious. Petals connate only at 
the very base, rarely (Psylliostachys) corolla sympeta-
lous. Filaments basally adnate to the petals. Pollen grains 
with a foot-layer supporting straight, regular columellae, 
which are distally fused into an incomplete rectum. 
Stylodia free or rarely (Limoniastrum) connate up to the 

middle. Present betaalanine betaines, glycine betaines 
rare, naphtoquinone plumbagin lacking, n = 8, 9. – 
Aegialitis, Acantholimon, Neogontscharovia, 
Gladiolimon, Ghaznianthus, Dictyolimon, Cephalorhizum, 
Bamiania, Popoviolimon, Chaetolimon, Vassilczenkoa, 
Limoniopsis, Ikonnikovia, Goniolimon, Bukiniczia, 
Afrolimon, Bakerolimon, Muellerolimon, Limoniastrum 
(including Bubania), Limonium, Myriolimon, 
Saharanthus, Eremolimon, Armeria, Psylliostachys.
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Order 46. TAMARICALES

Trees, shrubs, subshrubs or less often perennial herbs, 
mostly halophytic or xerophytic with storied wood. 
Vessels with simple perforations; lateral pitting alter-
nate. Fibers mostly with few, simple pits. Rays in 
Tamaricaceae very broad and high, heterogeneous, but 
in Frankeniaceae defi nite medularry rays are lacking. 
Axial parenchyma in Tamaricaceae scanty- paratracheal 
to vasicentric. Sieve-element plastids of S-type. Leaves 
alternate or opposite simple, entire, mostly small, com-
monly with embedded, multicellular, salt-excreting 
glands, estipulate. Stomata usually anomocytic. Flowers 
mostly small or very small, solitary or more often in 
various kinds of infl orescences, usually bisexual, acti-
nomorphic. Sepals 4–7, free or less often more or less 

connate (in Frankeniaceae united into a tube with lobes), 
imbricate or valvate. Petals as many as the sepals, free, 
imbricate. Nectary disc present or wanting. Stamens as 
many as petals, free or more or less connate; anthers 
tetrasporangiate, opening longitudinally. Tapetum secre-
tory. Microsporogenesis simultaneous. Pollen grains 
2-celled or 3-celled, (2)3(4)-colpate, rarely rugate. 
Gynoecium of 2–5 (mostly 3–4) united carpels with sty-
lodia free or only basally connate. Ovary superior, 
1-locular, with (1)2-many ovules on each parietal pla-
centa. Ovules anatropous, bitegmic, more or less tenui-
nucellate (Tamaricaceae) or thinly crassinucellate 
(Frankeniaceae – Fedotova 1992). Female gametophyte 
of Polygonum-type or tetrasporic of various types 
(Kamelina 1983). Endosperm nuclear, or rarely (Tamarix 
tetrandra) cellular, without haustoria or with micropylar 
haustorium (Frankeniaceae). Fruits loculicidal capsules. 
Seeds small, covered with long uni cellular hairs or with 
a chalazal hair tuft, or seeds uniformly papillate; seed 
coat formed by the outer integument (exotestal); embryo 
large, straight; endosperm copious and starchy, scanty 
and starchy or lacking. Commonly producing bisul-
phated fl avonols, but not cyanogenic.

According to molecular data Tamaricales are clos-
est to the Plumbaginales, which does not contradict 
morphological data.

Key to Families
1 Leaves alternate, not ericoid or revolute- margined, 

often scaly or subulate, commonly with external 
but embedded, multicellular salt glands, simple, 
estipulate. Stomata anomocytic or paracytic. 
Flowers small to medium size, in racemes or in 
spike, or in panicles, or solitary, bisexual or rarely 
unisexual (dioecious). Sepals 4–5(6), free or less 
often basally connate, imbricate. Petals 4–5, alter-
nate with sepals with two scalelike appendages 
(Reaumurieae) or without appendages, free or 
slightly connate, imbricate, persistent or caduceus. 
Stamens 4–6, or 8–12 (often twice as many as the 
petals), or 15–100 (often more or less numerous), 
seated on a fl eshy nectary disc, free or basally con-
nate; anthers 2-locular, dorsifi xed, extrorse, 
latrorse, or introrse, opening by longitudinal slits. 
Pollen grains 2- or 3-celled. Gynoecium of 3–4, 
rarely 2 or 5 united carpels; ovules ascending. 
Female gametophyte  tetrasporic, mostly of 
Fritillaria-type. Seeds covered with long unicellular 
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hairs;  exotestal cells periclinally elongated and 
thick- walled, endotestal cells thin-walled, crystal-
liferous; endosperm scanty or lacking. Trees, 
shrubs or subshrubs. Gypsum crystals present. 
Contain kaemp ferol, quercetin, or tamatixin, alka-
loids present or absent. n = 11 (Reaumurieae) or 
12 (Tamariceae).  . . . . . . . . . . . 1. tamaricaceae

1 Leaves opposite, often ericoid and revolute- margined, 
commonly punctuate with sunken, salt- excreting 
glands. Medullary rays wanting. Flowers solitary and 
sessile in the forks of the branches or forming a dense 
leafy cyme. Sepals 4–7, connate into a tube with 
short, induplicate-valvate lobes. Petals 4–7, distinct, 
imbricate, clawed, usually with a scale-lake append-
age inside. Nectary disc wanting. Stamens 4–7, or up 
to 24, most often 6 in 2 cycles, free or shortly connate 
at the base with fi liform or fl attened fi laments; anthers 
versatile, opening length-wise. Pollen grains 3-celled, 
(2)3(4)-colpate. Gynoecium of (1-)3(-4)  carpels 
united to form a 1-locular ovary; style slender end 
elongate, usually with distinct stylodia; ovules (1)2–
6(-many) in each carpel. Female gametophyte of 
Polygonum-type. Seeds uniformly papillate, exot-
estal cells large, papilla with terminal nail-like thick-
enings, endotestal cells thin-walled, endotegmen 
with thick cuticle, tanniniferous; embryo straight, 
endosperm copious. Halophytic shrubs, subshrubs or 
herbs. Contain tannins, proanthocyanidins, ellagic 
acid,  fl avonols. n = 10, 15. . . . . . 2. frankeniaceae

1. TAMARICACEAE

Link 1821 (including Reaumuriaceae Ehrenberg ex 
Lindley 1830). 5/90. Africa and Eurasia, mainly 
Mediterranean and Irano-Turanian regions.

reaumurieae: Reaumuria, Hololachna; tama-
riceae: Tamarix, Myricaria, Myrtama.

2. FRANKENIACEAE

Gray 1821 1/90. Distributed throughout warmer dry 
regions, especially on maritime shores of America, 
Africa, Eurasia, and Australia, but best developed in 
the Mediterranean region and western Asia.

Frankenia (including ? Hypericopsis, Beatsonia, 
Anthobryum, Niederleinia).

Related to the Tamaricaceae and especially to the 
Reaumurieae, which is confi rmed also by a great simi-
larity in the ultrastructure of the salt glands (Campbell 
and Thomson 1976), as well as secondary chemistry, 
and often petaline scales, and also the molecular analy-
sis (Gaskin et al. 2004).
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Superorder NEPENTHANAE

Order 47. NEPENTHALES

Herbaceous or sometimes more or less woody plants 
with normal or anomalous secondary growth, erect, 
prostrate, or often twining or climbing, aquatic, terres-
trial or epiphytic, glabrous or hairy, cornivorous or not. 
Vessels with simple perforation, true tracheids present. 
Rays homogeneous or heterogeneous. Axial paren-
chyma paratracheal (vasicentric) and apotracheal, 
banded and diffuse. Nodes unilacunar, trilacunar to 
multilacunar (Nepenthaceae). Leaves alternate, simple, 
estipulate or with small stipules, Stomata anomocytic, 
tetracytic, actinocytic or encyclocytic. Flowers usually 
small, terminal or axillary, in racemes, panicles, spikes, 
or rarely (Aldrovanda) solitary, bisexual or rarely 
(Nepenthaceae) unisexual, actinomorphic. Sepals usu-
ally 4–5 rarely 3, free or less often basally connate, 
imbricate or rarely valvate, sometimes persistent. Petals 
4–5, free or shortly connate, or cohering, imbricate or 
contorted. Stamens 2–8(-25), rarely 4–6; fi laments free 
or united; anthers 2-locular, basifi xed or dorsifi xed, 
extrorse, introrse or latrorse, tetrasporangiate, opening 
longitudinally. Tapetum secretory. Microsporogenesis 
simultaneous. Pollen grains 2–3-celled, in tetrads or 
rarely (Drosophyllum) in monads, 3-colpate or 3–4-
colporate. Gynoecium of 2 or 5, very rarely 3–4 or 6 
united carpels; stylodia more or less free or united; 
stigma capitate, hippocrepiform or puntofi d, or discoid, 
on a very short style, or sessile; ovary superior to infe-
rior, 1-locular, or rarely 3–4-locular; ovules solitary 
(Ancistrocladus) or numerous, anatropous or hemitrop-
ous, bitegmic, mostly crassinucellate. Female gameto-
phyte of Polygonum-type. Endosperm nuclear or cellular 
(Ancistrocladus). Fruits loculicidal or valvular capsules, 
or indehiscent (Aldrovanda and Ancistrocladus). Seeds 
small to large, sometimes numerous (100–500), often 
winged (usually, with a narrow or hair-like wing at 
either end), or wingless; seed coat formed by both the 
integuments, but mainly exotestal. Embryo well-differ-
entiated, straight, cylindrical or discoid-obconix, sur-
rounded by starchy, proteinaceous and oily endosperm, 
sometimes endosperm absent. Produced proanthocya-
nidins, fl avonols, acetogenic napthoquinone plumbagin, 
and isoquinoline alkaloids.

Probably related to the some families of the 
Polygonanae. “Possible synapomorphies for the noncore 
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Caryophyllales are scattered secretory cells containing 
plumbagin, naphthaquinone (which has been lost in 
 several clades), an indumentum of stalked, gland-headed 
hairs, basal placentation (with shifts to parietal in some 
Droseraceae and axile in Nepentaceae), and starchy 
endosperm” (Judd et al. 2002, Soltis et al. 2006)

Key to Families
1 Ovary mostly superior.

2 Flowers bisexual; petals imbricate or contorted.
3 Plants with normal secondary growth.

4 Perennial or annual carnivorous herbs, 
commonly growing in bogs and other 
waterlogged soils containing little or no 
available nitrogen, rarely (Aldrovanda) 
submerged aquatics, sometimes with 
corms or root tubers; glandular hairs irri-
table when present. Nodes unilacunar with 
1 trace. Leaves spiral or rarely whorled 
(Aldrovanda), often circinate in bud, usu-
ally in basal rosettes, mostly with intra-
petiolar stipules; the blade either modifi ed 
into an active trap that shuts when touched 
(Dionaea, Aldrovanda) or provided with 
sticky tentacles and sessile glands that 
entrap and digest insects and other small 
animals (Drosera). Stomata anomocytic, 
tetracytic or actinocytic. Flowers in cymose 
infl orescences or (Aldrovanda) solitary, 
bisexual, actinomorphic. Sepals (4)5(-8), 
more or less connate at the base, imbricate, 
persistent. Petals as many as the sepals, 
free, imbricate or contorted. Stamens 
(4)5(10–20), free or (Dionaea) basally 
connate; anthers 2-locular, dorsifi xed or 
basifi xed, extrorse, tetrasporangiate, open-
ing longitudinally; anther wall initially 
with one middle layer. Pollen grains in tet-
rads, 3-colpate to more often periporate. 
Gynoecium of three or fi ve united carpels, 
with more or less free or (Dionaea) united 
stylodia that have terminal stigma. Ovary 
superior, or sometimes nearly half-inferior, 
1-locular, with three parietal placentas 
(Dionaea) or with essentially basal pla-
centas. Ovules anatropous, bitegmic, 
crassinucellate or tenuinucellate in some 
Drosera species. Endosperm nuclear. 
Fruits loculicidal or valvular capsules, or 

rarely indehiscent (Aldrovandra). Seeds 
usually minute, mostly fusiform; seed coat 
usually formed by both the integuments; 
every epidermal layer of the seed coat is 
potentially specialized, the exotesta as a 
palisade, the endotesta as thick-walled 
crystal-cells, and the endotegmen as scle-
roic cuboid cells; embryo short, straight, 
embedded in the copious, oily endosperm 
rich in starch. Produced proanthocyanidins 
(cyanidin and delphinidin), fl avonols 
(including myricetin,  kaempferol and 
quer cetin), acetogenic napthoquinones 
plumbagin, and ellagic acid (Drosera, 2 
sp.); n = 5–24.  . . . . . . . . 5. droseraceae

4 Small insectivorous tap-rooted subshrubs, 
sometimes branched; axes and leaves cov-
ered with rows of stalked mucilage, red ten-
tacles and irregularly distributed sessile 
digesting glands. Leaves spiral, crowded, 
narrow-linear, reversely circinate in bud, 
estipulate. Infl orescence terminal, few-fl ow-
ered, thyrso- paniculate. Flowers large, short-
lived, remain open only a single day, bisexual, 
actinomorphic, 5-merous. Sepals imbricate, 
fused at base, glandular. Petals free, con-
torted, deciduous. Stamens ten, free; anthers 
extrorse. Pollen grains pantoporate, in 
monads. Gynoecium of fi ve united carpels; 
stylodia with capitate stigmas; ovary 1-locu-
lar; ovules numerous, basal, anatropous, 
with long funicles attached to a basal, coni-
cal placenta. Fruits loculicidal, coriaceous 
capsules, opening in upper half. Seeds 
numerous, seed coat with endotestal crystal 
layer and sclerotised endotegmen. Embryo 
small, endosperm copious, fl eshy and 
starchy. Produced proanthocyanins, the 
naphtoquinone plumbagin,  fl avone luteolin, 
and inulin; n = 6. . . . . 4. drosophyllaceae

3 Plants with anomalous secondary growth. 
Insectivorous (Triphyophyllum), soft-wooded 
lianas, climbing by pairs of hooks or tendrils 
representing the forked tips of the leaf mid-
ribs, heterophyllous (Triphyophyllum, which 
in addition to the hook-tipped climbing leaves 
has ‘normal’ leaves without hooks, and others 
which are wholly reduced to the midrib, cir-
cinnate and beset with numerous stalked and 
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sessile glands), or not heterophyllous. Leaves 
and stems are beset with peltate hairs and with 
characteristic multicellular, stalked, or sessile 
glands secreting a sticky mucilage that traps 
insects. Interxylar (included) phloem present. 
Vessel elements extremely large (except in 
Habropetalum); lateral pitting alternate. Fibers 
with large, bordered pits. Axial parenchyma 
paratracheal (vasicentric) and apotracheal. 
Vasicentric tracheids present. Leaves entire or 
crenulate, estipulate, pinnately veined; the mid-
rib usually prolonged and forked into two 
recurved hooks or pigtailed tendrils. Stomata 
actinocytic or encyclocytic. Flowers of moder-
ate size, in a lax, axillary or supra-axillary, 
cymose infl orescences, bracteate. Sepals fi ve, 
small, free or connate at the base into a short 
tube, valvate or open in bud, persistent. Petals 
fi ve, free, contorted, caducous. Stamens 10(-
30), free or slightly connate; anthers ovoid or 
oblong, basifi xed, introrse,  appendaged, open-
ing longitudinally. Pollen grains 3(-4)- colporate. 
Gynoecium of two or fi ve united carpels; sty-
lodia either two, free, fi liform, with capitate 
stigmas, or fi ve, free, fi liform, with minute stig-
mas, or fi ve, slightly connate at the base and 
with plumose stigmas. Ovary superior, 1-locular, 
with numerous ovules on parietal placentas. 
Ovules anatropous, bitegmic, crassinucellate 
(but according to Schmid 1964, ovules in 
Triphyophyllum semitenuinucellate). The outer 
integument forms a characteristic cover. 
Endosperm probably nuclear. In connection 
with the development of the integumentary 
cover, the female gametophyte (and therefore 
also the endosperm) elongate perpendicularly. 
Fruits loculicidal capsules of two or fi ve valves, 
spreading widely, opening well before maturity, 
and bearing the few seeds peltately attached on 
greatly elongate, thickened, rigid funicles. Seeds 
large, discoid, either thick and surrounded by 
narrower wing, or thin and surrounded by broad 
satiny wing; embryo large, discoid-obconic, 
axile, mostly surrounded by the copious 
starchy endosperm. Produce naphthoquinones 
like plumbagin, and naphthylisoquinoline alka-
loids, e.g. dioncophylline (Bringmann and 
Pokorny 1995; Porembski and Barthlott 2002), 
and ellagic acid, n = 12, 18 (Triphyophyllum 
peltatum).. . . . . . . . . . . 2. dioncophyllaceae.

2 Flowers unisexual, apetalous. Leaves transformed 
into pitchers. Herbaceous or sometimes more or 
less woody plants with a small amount of second-
ary growth, erect, prostrate, or often climbing by 
aid of the leaf tendrils, terrestrial or epiphytic. 
Various kinds of multicellular glands and peltate 
hydathodes are widely distributed on the stem 
and leaves. Schmid-Hollinger (1971) recognises 
fi ve types of non-glandular trichomes: multicel-
lular simple hairs, hairs with teeth, tufted, rosette 
and arachnoid hairs. Cortical bundles occur in 
young stem, and medullary vascular bundles in 
the stem of certain species. Characteristic spiral 
cells occur in the parenchymatous tissues of both 
stem and leaf. Vessels dimorphic, including wide, 
short elements along with fusiform vessel mem-
bers, both usually with simple perforation, true 
tracheids present. Rays mostly biseriate or unise-
riate; multiseriate rays more than two cells wide 
are relatively scarce. Axial parenchyma banded 
and diffuse. Leaves alternate, simple, estipulate, 
when fully developed composed of a more or less 
distinct petiole, a winged or expanded portion 
(blade) followed by a stout and often coiled ten-
dril (a prolongation of the leaf midrib), usually 
 terminated by a large, pendant, often brightly col-
ored, urceolate or cylindrical pitcher (ascidium) 
that has a recurved rim and a fl attened lid (oper-
culum) projecting over the mouth, but not closing 
it except in the young state. Below the base of the 
lid on the outside of the pitcher is a spur (an 
appendage); at the entrance of the pitcher are 
numerous nectar-glands, below which the interior 
is slippery, and for some distance below are diges-
tive glands. The second appendage, if developed, 
also lies on the midline, but at the apex of the lid; 
the apical appendage is more fi liform, and may 
not always be glandular (Cheek and Jebb 2001). 
Stomata anomocytic. Flowers small, in racemes 
or panicles, dioecious. Sepals usually four, rarely 
three, imbricate, free or less often basally con-
nate, glandular and nectariferous within. Stamens 
(2-)8–25, rarely 4–6; fi laments united into a col-
umn; anthers crowded but distinct, 2-locular, 
extrorse, tetrasporangiate, opening longitudinally 
by slits. Pollen grains 3-celled, in tetrads, spinu-
lose, with indistinct apertures. Gynoecium syn-
carpous, of four or very rarely three or six carpels 
opposite the sepals; ovary superior, 4- or rarely 
3-locular, with numerous ovules multiseriate on 
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axile placentas; stigma discoid, on a very short 
style or sessile. Ovules numerous, multi seriate on 
axile or laminar placentas, ascending, anatropous, 
bitegmic, crassinucellate. Endosperm nuclear. 
Fruits elongated, sometimes stipitate, leathery 
loculicidal capsules. Seeds numerous (100–500), 
mostly fi liform, ascending, imbricate, often 
winged (usually, with a narrow or hair-like wing 
at either end), or wingless; seed coat formed by 
both the integuments, but mainly exotestal; 
exotesta with much thickened inner walls. Embryo 
minute but well-differentiated, straight, cylindri-
cal, surrounded by starchy, proteinaceous and 
oily endosperm, sometimes endosperm absent. 
Tanniniferous, producing acetogenic napthoqui-
none plumbagin, cyanidin, and also kaempferol 
and quercetin, n = 40. . . . . . . 3. nepenthaceae.

1 Ovary inferior or partly inferior. Sympodially 
branched, scandent shrubs or lianas, with hooked or 
twining shoot ending of each member of the sympo-
dium, “with juvenile growth often heteromorphic, 
erect, shrubby, monopodial, unbranched or sparsely 
branched, and without hooks, with adult growth 
comprising elongated, usually little-branched stems 
that bear smaller extra-axillary latral stems” (Taylor 
et al. 2005). Plant externally glabrous, often with 
calcium oxalate crystals. Primary cortex contains 
isolated, thick-walled secretory cells. Vessels with 
simple  perforations in very oblique end walls. Sieve-
element plastids Ss-type. Fibers with large, evidently 
bordered pits. Rays homogeneous. Axial paren-
chyma commonly in tangential bands. Nodes trila-
cunar with three traces. Leaves pinnately veined, 
with very small, mostly caducous stipules, or estipu-
late, and beset with minute, embedded, peltate, mul-
ticellular, waxy glands. Stomata actinocytic 
(surrounded by more or less distinct subsidiary 
cells). Flowers small, in panicles, in spikes, and in 
cymes; the terminal infl orescence unit often appar-
ently cymose (axillary or terminal), with strongly 
articulated pedicels, 5-merous, rarely (Ancistrocladus 
grandifl orus) 4-merous. Sepals free to connate into 
a short tube, at length adnate to the base of the ovary; 
lobes quincuincial, imbricate, becoming unequally 
enlarged and winglike in fruit. Petals more or less 
fl eshy, shortly connate or cohering, imbricate. 
Stamens (8-)10 in one cycle or rarely 5 (A hamatus) 
or 15 (A. robertsoniorum); fi laments short, fl eshy, 
connate below and adnate to the bases of the petals; 
anthers basifi xed, introrse or latrorse, tetrasporan-

giate, opening longitudinally. Pollen grains 2(4)-col-
porate. Gynoecium of three united carpels; ovary 
1-locular, with one basilateral ovule on a short 
funiculus; stylodia free or connate, articulated at the 
base and thickened upward, with more or less hip-
pocrepiform or puntofi d stigmas. Ovules ascending, 
hemitropous, bitegmic, on a short funiculus, crassi-
nucellate. Endosperm cellular. Fruits dry, woody, 
indehiscent, surrounded by a corky hypanthium and 
crowned by spreading or erect winglike calyx-lobes, 
fl oating in water. Seeds large, with a thin, membra-
nous seed coat, strongly ruminate, hard, starchy, 
sometimes ruminate endosperm, with testa intrud-
ing between folds, and fairly small, straight embryo. 
Produce acetogenic isoquinoline alkaloids, cyanidin 
and delphinidin; kaempferol, quercetin, myricetin 
and ellagic acid.  . . . . . . . . 1. ancistrocladaceae

1. ANCISTROCLADACEAE

Planchon ex Walpers 1851. 1/16. Tropical Africa, 
southern Asia, and from eastern Himalayas to West 
Malesia.

Ancistrocladus.
Numerous molecular studies (particularly Meimberg 

et al. 2000), provide evidence for the sister 
group  relationship between Ancistrocladaceae and 
Dioncophyllaceae and their close relationship with 
Nepenthaceae, Drosophyllaceae, and Droseraceae, 
confi rming the earlier view of Airy Shaw (1952).

2. DIONCOPHYLLACEAE

Airy Shaw 1952. 3/3. Western tropical Africa. 
Dioncophyllum, Triphyophyllum, Habropetalum.

Closely related to the Ancistrocladaceae and Droser-
aceae. The traps on young stems and leaves, constituted 
by multicellular, stalked or sessile  secretory glands, 
recalling those of Ancistrocladaceae and Droseraceae, 
which secrete sticky, acid mucilage. In their alkaloids 
Dion cophyllaceae strongly resemble Ancistrocladaceae 
(Hegnauer 1987; Bringmann et al. 1991).

3. NEPENTHACEAE

Berchtold et J. Presl 1820. 1/87. Madagascar (2), 
Seychelles (1), Sri Lanka (1), northeastern India 
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(1, Assam), Southeast Asia (6–9), northern Australia 
(1), New Caledonia (1), but mostly in Malesia (82).

Nepenthes (including Anurosperma).
Related to Ancistrocladaceae and Dioncophyl-

laceae.

4. DROSOPHYLLACEAE

Chrtek, Slaviková et Studnicka 1989. 1/1. Portugal, 
southern Spain, Morocco.

Drosophyllum.
For a long time Drosophyllum is included in 

Droseraceae, but recent studies have indicated an iso-
lation of this genus within Droseraceae. Metcalfe 
(1952) showed that Drosophyllum shares the stalked, 
non-irritable glands, and the whole trapping mecha-
nism, with Triphyophyllum of Dioncophyllaceae. 
Strong evidence for the affi nity of Drosophyllum with 
other members of the Nepenthales has been provided 
by cladistic analysis of matK gene sequences 
(Meimberg et al. 2000).

5. DROSERACEAE

R. A. Salisbury 1808 (including Aldrovandaceae 
Nakai 1949, Dionaeaceae Rafi nesque 1837). 3/112. 
Drosera (110) subcosmopolitan with concentration in 
Australia and New Zealand, Dionaea (1) in southeastern 
United States, and Aldrovanda (1) throughout much of 
Eurasia – extends south to northeastern Australia.

Drosera, Dionaea, Aldrovanda.
Probably related to the Nepenthaceae, which is sup-

ported also by molecular data (Albert et al. 1992). 
Meimberg et al. (2000) placed Droseraceae sister to a 
clade comprising Dioncophyllaceae, Ancistrocla-
daceae and Nepenthaceae.
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Trees, shrubs, and herbs. Ethereal oil cells wanting. 
Vessels with scalariform or simple perforations. Sieve-
element plastids of S-type or rarely of P-type. Nodes 
tri-multilacunar or unilacunar. Leaves simple or less 
often compound, with or without stipules. Stomata of 
various types, mostly anomocytic. Flowers usually 
with double perianth, mostly bisexual, spiral, spirocy-
clic or cyclic. Petals free or less often corolla sympeta-
lous. Pollen grains 2-celled or seldom 3-celled, 
3-colpate or of tricolpate-derived type. Gynoecium 
apocarpous or more often carpels variously united; 
stylodia distinct or more or less connate; ovary 
superior or inferior. Ovules mostly bitegmic or less 
often unitegmic, commonly crassinucellate. Endosperm 
nuclear or less often cellular. Fruits of various types. 
Seeds mostly with endosperm.

Dilleniidae are one of the largest subclasses of the 
magnoliopsids and one of their central groups, archaic 
members of which have many features in common 
with the Magnoliidae.
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Superorder DILLENIANAE

Order 48. DILLENIALES

Mostly trees (sometimes buttresses, or tortuous to 
small rosette trees), and shrubs, rarely woody lianas, 
subshrubs (Pachynema), or semiherbaceous from a 
woody rhizome (Acrotrema); raphides common in 
wood. Vessel elements angular to circular, from 
medium to extremely long, usually very long with sca-
lariform perforations that have 5–130 bars (mostly 
15–40) or scalariform and simple perforations; lateral 
pitting from scalariform to opposite. Fibers with dis-
tinctly bordered pits. Rays heterogeneous. Axial paren-
chyma apotracheal diffuse and aggregate diffuse, often 
paratracheal diffuse to incomplete vasicentric. Sieve-
element plastids of S-type. Nodes trilacunar, pentala-
cunar, multilacunar, or sometimes unilacunar with one 
trace per gap. Leaves usually alternate, very rarely 
opposite, entire or serrate to dentate, rarely pinnatifi d 
or trilobed, pinnately veined, often with prominent 
parallel lateral veins, seldom much reduced and needle-
like (species of Hibbertia) or scalelike (species of 
Pachynema with stems and branches fl attened into 
phylloclades). Stipules usually wanting, but rarely pet-
ioles with stipulelike, often wholly or partly caducous 
wings. Walls of epidermal cells mostly silicifi ed (as in 
Magnoliaceae and Calycanthaceae). Stomata of vari-
ous types, but mostly anomocytic. Flowers small to 
medium-sized, rarely large, in various cymose or rac-
emose infl orescences or sometimes solitary, bisexual 
or rarely unisexual (monoecious or dioecious), 

Subclass V. DILLENIIDAE
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 actinomorphic or sometimes zygomorphic (but only 
with reference to the androecium), with spirocyclic 
perianth. Receptacle fl at or conical between the carpels 
(Dillenia). Sepals mostly fi ve, rarely more (up to 15) 
or less (3), strongly imbricate, persistent. Petals fi ve 
or rarely fewer, imbricate, often crumpled in bud, 
deciduous. Stamens usually numerous (from 50 to 500 
in Tetracera and to 900 in Dillenia ovalifolia), rarely 
10 or fewer. Filaments usually filiform, rarely broad 
and fl attened (Pachynema), variously united into 
fascicles at the base; the members of each fascicle 
originating in centrifugal sequence, or the whole 
androecium developing centrifugally. The androecium 
of Schumacheria is unique in its placement at one 
side of the gynoecium with the large number of 
stamens united basally by their fi laments into an oblique 
cylindric column. Anthers tetrasporangiate, often more 
or less embedded in the connective tissue, from short 
to very elongate, sometimes with more or less prolonged 
connective, opening by longitudinal slits or apical pores. 
Tapetum secretory. Microsporogenesis simultaneous. 
Pollen grains 2-celled, 3-colpate (Acroterma, Dillenia, 
Hibbertia, Pachynema), 4-colpate or 3-colporate, 
 tectate-columellate, with an incomplete tectum, fi nely 
lunctate to coarsely reticulate. Gynoecium usually of 
1–20 carpels, mostly of several carpels; carpels free, 
less often partly connate at the base, rarely fused to 
above the middle (Curatella) or even to the apex 
(Neowormia); carpels more or less conduplicate and 
sometimes not fully sealed. Stylodia usually slender 
and elongate, with an apical, often capitate, minute 
stigma. Ovules one to many in each carpel, apotropous, 
anatropous to amphitropous or campylotropous, biteg-
mic, crassinucellate; micropyle zigzag or exostomal. 
Female gametophyte of Polygonum-type. Endosperm 
nuclear. Fruits apocarpous or syncarpous, mostly dry 
and dehiscent, sometimes indehiscent (Dillenia). Seeds 
mostly with a well-developed crested or laciniate 
funicular aril (very large in Dellenia sarmentosa 
and Tetracera spp.), less often with the aril vestigial 
or even wanting. Seed coat formed by both integu-
ments and with sclerotic endotesta and tracheidal 
exotegmen (endotestal-exotegmal); embryo usually 
minute, straight, more or less differentiated; endosperm 
copious, oily, and proteinaceous, sometimes trumi-
nate. Tanniniferous, containing a great diversity of 
fl avonoids, but mostly without alkaloids and always 
without benzylisoquinoline alkaloids, n = 4, 5, 
8–10, 12, 13.

The Dilleniaceae are a family of considerable 
morphological and ecological diversity (Hutchinson 
1969; Dickison 1970b, 1982; Stebbins 1974; 
Cronquist 1981). They are also very heterobathmic. 
Although they retain some primitive features in wood 
anatomy and fl ower morphology (apocarpous gynoe-
cium, more or less conduplicate carpels and stamens 
that sometimes have a prolonged connective), 
they have also many features of specialization, 
including specialized androecium and specialized 
stylodia with apical non-decurrent stigma. Although 
the Dilleniaceae are the most archaic family in the 
Dilleniidae, they have already lost direct links with 
the Magnoliidae. However, they occupy an interme-
diate position between the Magnolianae and the 
Ericanae and Violanae.

1. DILLENIACEAE

R.A. Salisbury 1807 (including Hibbertiaceae J. Agardh 
1858, Soramiaceae Martynov 1820). 12/400. Almost 
pantropical, but centered in Asia and Australasia, 
especially in Australia. Comparatively rare in Africa, 
where it is represented only by members of the pan-
tropical genus Tetracera. Hibbertia is native to both 
Australasia and Madagascar.

1.1 DILLENIOIDEAE
Perforations exclusively scalariform; lateral pitting 
scalariform-transitional. Anthers linear or oblong, 
loculi very rarely slightly divergent. – dillenieae: 
Dillenia, Neowormia, Schumacheria, Didesmandra, 
Acrotrema; hibbertieae: Hibbertia, Pachynema.

1.2 DELIMOIDEAE (TETRACEROIDEAE)
Perforations scalariform and simple; lateral pitting 
opposite-transitional. Anthers short, loculi divergent, 
separated at the base by the thickened connective. – 
Tetreacera, Curatella, Pinzona, Doliocarpus, Davilla.

Bibliography

Baretta-Kuipers T. 1972. Some remarks on the wood structure of 
Pinzona and allied genera of the subfamily Tetraceroideae 
(Dilleniaceae). Acta Bot. Neerl. 21: 573–577.

Dickison WC. 1967a. Comparative morphological studies in 
Dilleniaceae: I. Wood anatomy; II. The pollen. J. Arnold 
Arbor. 48: 1–29, 231–240.



Superorder ERICANAE 169

Dickison WC. 1968. Comparative morphological studies in 
Dilleniaceae: III. The carpels. J. Arnold Arbor. 49: 
317–329.

Dickison WC. 1969. Comparative morphological studies in 
Dilleniaceae: IV. Anatomy of the node and vascularization of 
the leaf. J. Arnold Arbor. 50: 384–400.

Dickison WC. 1970. Comparative morphological studies in 
Dilleniaceae: V. Leaf anatomy; VI. Stamens and young stem. 
J. Arnold Arbor. 51: 89–113, 403–418.

Dickison WC. 1971. Comparative morphological studies in 
Dilleniaceae. VII. Additional notes on Acrotrema. J. Arnold 
Arbor. 52: 319–333.

Dickison WC. 1979. A note on the wood anatomy of Dillenia 
(Dilleniaceae). IAWA Bull. 2/3: 57–60.

Dickison WC, JW Nowicke, and JJ Skwarla. 1982. Pollen mor-
phology of the Dilleniaceae and Actinidiaceae. Am. J. Bot. 
69: 1055–1073.

Dulci Elizabeth J and KK Lakshmanan. 1984. Further contribu-
tions to the embryology of Dillenia suffruticosa (Griff.) 
Martelli. J. Indian Bot. Soc. 63: 353–359.

Endress PK. 1997. Relationships between fl oral organization, 
architecture, and pollination made in Dillenia (Dilleniaceae). 
Plant Syst. Evol. 206: 99–118.

Gurni AA and K Kubitzki. 1981. Flavonoid chemistry and 
 systematics of the Dilleniaceae. Biochem. Syst. Ecol. 9: 
109–114.

Horn JW. 2002. Phylogenetics of the Dilleniaceae. In Botany 
2002: Botany in the Curriculum, Abstracts: 128, Madison.

Horn JW. 2007. Dilleniaceae. In: K Kubitzki, ed. The families 
and genera of vascular plants, vol. 9, pp. 132–154. Springer, 
Berlin/Heidelberg/New York.

Kubitzki K. 1968. Flavonoide und Systematik der Dil-leniaceen. 
Ber. Deutsch. Bot. Ges. 81: 238–251.

Sastri RLN. 1958. Floral morphology and embryology of some 
Dilleniaceae. Bot. Not. 111: 495–511.

Swamy BGL and K Periasamy. 1955. Contributions to the 
embryology of Acrotrema arnottianum. Phytomorphology 5: 
301–314.

Vyshenskaya TD and GG Oganezova. 1991. Dilleniaceae. 
In: A Takhtajan, ed. Comparative seed anatomy, vol. 3, 
pp. 163–171. Nauka, Leningrad (in Russian).

Wilson CL. 1965. The fl oral anatomy of the Dilleniaceae: I. 
Hibbertia Andr. Phytomorphology 15: 248–274.

Wilson CL. 1973 (1974). The fl oral anatomy of the Dilleniaceae: 
II. Genera other than Hibbertia. Phytomorphology 23: 
35–42.

Superorder ERICANAE

Order 49. PARACRYPHIALES

Small to moderate-sized trees with unicellular, 
unbranched hairs. Styloid crystals of calcium oxalate 
present in the bark, pith, and xylem and phloem paren-
chyma. Vessel elements extremely long, angular to 
rounded in transverse section; perforations scalariform 

in almost vertical end walls, with numerous (up to 203) 
bars; lateral pitting scalariform to transitional. Fibers 
thick-walled, with numerous bordered pits. Rays 
 heterogeneous, of very primitive type. Axial parenchyma 
diffuse and diffuse-in-aggregates, apotracheal as well 
as scanty paratracheal. Phloem of primitive type. Sieve-
elements of S-type. Nodes trilacunar. Leaves subver-
ricillate, simple, fi nely serrate, pinnately veined, teeth 
vascularized by a single medial vein extending to the 
tooth apex, leathery, estipulate. Stomata anomocytic. 
Flowers sessile, in terminal, paniclelike, compound 
infl orescences consisting of many spikes, bisexual or 
occasionally exclusively male (without pistillodia) and 
borne at the lower levels on the infl orescence axis. 
Perianth consists of four caducous, decussate, concave, 
free segments (sepals?); aestivation of the perianth parts 
cochleate, having one large helmet-shaped segment 
that encloses or covers the others. Stamens usually 
8 (–11), in a single cycle, free; fi laments of the male 
fl owers conspicuously swollen, fi laments of bisexual 
fl owers sometimes accrescent. Anthers tetrasporan-
giate, basifi xed, opening longitudinally. Pollen grains 
3-colporate, tectate-columellate, reticulate or occasion-
ally transitional between reticulate and rugulate. 
Gynoecium of 8–15, laterally connate, conduplicate 
carpels that are also ventrally adnate to the solid  column 
of central tissue. Stigmas sessile and conduplicately 
folded; ovary superior, 8–15-locular, with four rather 
small ovules in each locule borne in a single row on 
axile placentas. Ovules anatropous, unitegmic, crassi-
nucellate. Endosperm cellular. Fruits capsules with 
mature carpels separating from the central column 
(except for a distal connection maintained by two 
strands apparently representing the lignifi ed ventral 
carpellary vascular bundles, Dickison and Baas 1977), 
spreading out from the base and opening ventrally. 
Seeds small, compressed, winged, exarillate, exotestal, 
with sinuous anticlinal walls, inner walls lignifi ed; 
embryo straight, well differentiated; endosperm copious.

As Dickison and Baas (1977) point out, Paracryphia 
is distinguished by an unusual combination of 
characters. “It is remarkable that most characters 
from vege tative anatomy are distinctly primitive 
or at least un-specialized, whereas those of repro-
ductive organs can be regarded as advanced or special-
ized.” Paracryphia was originally included into the 
Eucryphiaceae but was later separated as its own 
family by Airy Shaw (1965). Dahlgren (1983) placed 
Paracryphiaceae in his suborder Theineae of the order 
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Theales, whereas according to Cronquist (1981: 336) 
Paracryphia is reasonably at home in the Theales. He 
mentions that the persistent central column is a  common 
(though by no means consistent) feature of capsular 
fruits in the Theales, and the manner of dehiscence in 
Paracryphia is reminiscent of Medusagyne. In my 
opinion Paracryphiaceae are distinct enough to be 
entitled to the status of an order (Takhtajan 1987, 1997).

Paracryphiales have many features in common with 
the Dilleniales, Theales, and Ericales (see Dickison 
and Baas 1977; Schmid 1978). This includes sieve- 
element plastids that are extremely similar in size and 
starch grain characters to those of Dilleniaceae, 
Theaceae, and Actinidiaceae, and are almost identical 
to the plastids of Hibbertia in the Dilleniaceae (Behnke 
1985). Paracryphiales are possibly an early divergence 
from an ancient dillenialean stock and one of the evo-
lutionary blind ends. Paracryphia is one of the most 
remarkable ancient relicts.

1. PARACRYPHIACEAE

Airy Shaw 1965. 1/1. New Caledonia.
Paracryphia.
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Order 50. THEALES

Trees, shrubs, or sometimes woody lianas or herbs. 
Often with secretory cells, cavities, or channels. Vessel 

elements from short to very long, with scalariform or 
simple perforations; lateral pitting from scalariform to 
alternate. Fibers with bordered or less often simple 
pores. Rays mostly heterogeneous. Axial parenchyma 
mostly apotracheal. Young stems often with stratifi ed 
phloem. Sieve-element plastids of S-type. Nodes unila-
cunar, less often pentalacunar (Oncothecaceae), or 
penta- to multilacunar (Caryocaraceae). Leaves alter-
nate or opposite, simple or seldom compound, mostly 
entire, estipulate, or very rarely (Caryocaraceae) stipu-
late. Stomata of various types, mostly paracytic. Flowers 
of medium size or often large, axillary and solitary or in 
various kinds of infl orescences, usually bisexual, mostly 
actinomorphic. Perianth spiral or spirocyclic (many 
Theaceae) or more often cyclic, mostly 5-merous. 
Calyx often subtended by 2-several bracteoles, these 
sometimes gradually passing into sepals. Sepals imbri-
cate, free or often basally connate. Petals imbricate or 
sometimes contorted, free or rarely connate at the base, 
rarely (Anthodiscus in the Caryocaraceae) connate 
above to form a calyptra, or corolla sympetalous 
(Oncothecaceae). Stamens numerous to 5-4, free or 
connate into bundles, when numerous developing in 
centrifugal sequence. Anthers tetrasporangiate, basi-
fi xed or dorsifi xed, less often versatile, opening longitu-
dinally or rarely (spp. of Eurya and Pentaphylacaceae) 
by short, apical, porelike slits; connective sometimes 
more or less prolonged (very long in Anneslea frapans 
of the Theaceae). Tapeturn secretory. Microsporogenesis 
simultaneous. Pollen grains 2-celled, usually 3-colporate. 
Gynoecium of 2-many variously united carpels. 
Stylodia free or more or less connate; ovary superior, 
rarely semi-inferior or inferior, with as many locules as 
carpels or unilocular, usually with many ovules on axile 
placentas or on intruded parietal placentas. Ovules ana-
tropous or less often hemitropous or more or less 
campylotropous (Pentaphylacaceae), apotropous, biteg-
mic or (Oncothecaceae) unitegmic, crassinucellate 
(Pentaphylacaceae) or more often tenuinucellate. 
Female gametophyte of Polygonum- or Allium-types, 
rarely Adoxa-type. Endosperm nuclear. Fruits of vari-
ous types. Seeds exarillate, seed coat formed mainly or 
only by the outer integument; typically mesotestal with 
sclerotic cells; endosperm copious or scanty, often very 
reduced or absent; embryo small to large, straight or 
curved.

The order Theales is evidently derived from early 
dillenialean stock. It differs from the Dilleniales mainly 
in the syncarpous gynoecium and mesotestal and 
mostly exarillate seeds.
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Key to Families
1 Leaves simple. Nodes unilacunar or seldom trilacu-

nar or pentalacunar.
2 Flowers in axillary, pendulous racemes or 

spikes, 4-merous throughout, closely sub-
tended by two well-developed bracteoles, bisex-
ual or unisexual (plant polygamo-monoecious). 
Sepals four, decussate, imbricate; petals four, 
free, imbricate Stamens eight, free, in two cycles. 
Anthers deeply sagittate, dorsifi xed, introrse, and 
versatile, with a broad connective and a short 
protrusion, opening longitudinally. Pollen grains 
3-colporate, occasionally 4-ruporate. Nectary at 
base of gynoecium well developed on sepaline 
radii. Gynoecium of four carpels, they are con-
genitally united for almost their entire length, 
free only at the very apex, with short style, 
stigma large, capitate, the four free carpel tips 
are postgenitally connected and form a single 
stigmatic surface (Matthew and Endress 2005). 
Ovary 4-locular and with axile placentation in 
the lower part, but in the middle and upper parts 
the partitions are incomplete and the ovules 
borne on deeply intruded placentas. Ovules 
numerous per locule, anatropous, Outer integ-
ument contributing to the micropyle zig-zag. 
Fruits 4-locular, rather firm and dry berry. 
Seeds arillate, with small, straight embryo, with 
oily and proteinaceous endosperm and short, 
fl eshy funicle. Evergreen or deciduous shrubs, 
small trees, or lianas; non laticiferous and with-
out coloured juice. The branchlets with large 
pith. Cluster crystals and tanniniferous cells are 
present in parenchymatous tissue. Nodes trila-
cunar with three traces. Leaves alternate, invo-
lute, simple, entire, glabrous or pubescent, 
petiole bundle arcuate; stiuples free of one 
another, caduceus, small, linear-lanceolate. 
Stomata anomocytic. Ellagic acid, cyanidin, fl a-
fonols (kaempferol and quercetin) present; 
n = 12.  . . . . . . . . . . . . . . . 1. stachyuraceae.

2 Infl orescence cymose; sclereids absent; anthers 
opening by apical pores or slits. Evergreen 
trees; hairs unicellular. Leaves spiral or distic-
hous, estipulate, leaf margins crenate-serrulate. 
Stomata anomocytic. Flowers in short dichasial 
cymes, small, 5(6)-merous, sepals free, imbri-
cate; petals free or adnate to corolla, imbricate. 
Stamens (8-)10(-15), in one cycle; fi laments 
broad, thick; anthers basifi xed, setulose. 

Carpels three; ovules two or many per locule. 
Female gametophyte of Adoxa-type. Fruits dry, 
ribbed, with papery exocarp and crustaceous 
endocarp, eventually splitting septicidally into 
three cocci. Seeds winged, with transparent 
seed coat; embryo nearly straight, endosperm 
copious; n = 24. . . . . . . . . . . 2. sladeniaceae.
3 Anthers basifi xed; corc usually surfi cial; pseu-

dopollen absent; Fruits berries or drupes. 
Evergreen trees or shrubs; hairs unicellular. 
Leaves distichous or  spiral, estipulate, leaf 
margins entire, rarely serrate. Stomata anomo-
cytic. Flowers generally small, solitary, or in 
clusters, bisexual or unisexual, 5-merous. 
Sepals connate or distinct, calyx lobes always 
persistent;  petals distinct or connate basally, 
thick or membranous. Stamens from 5 or 10 
up to ca. 30, usually in one or two cycles; fi la-
ments shorter or slightly longer than anthers; 
anthers introrse, opening by longitudinal slits, 
rarely by pore-like slits. Exine nearly smooth. 
Carpels mostly (2)3–5(6); ovary superior to 
inferior; ovules few or numerous per locule. 
Female gametophyte of Polygonum-type. 
Fruits berries or pomelike with succulent peri-
carp. Seeds usually numerous, often small, not 
winged; seed coat usually cartilaginous, very 
thin; endosperm present, often copious; 
embryo slender, curved or hippocrepiform; 
radicle always longer than the narrow cotyle-
dons, incumbent. Contain proanthocyanini-
dins, fl avonols and ellagic acid, n = 12–13, 15, 
18, 20–25. . . . . . . . . . 4. ternstroemiaceae.

3 Anthers versatile; cork usually deep-seated; 
pseudopollen produced from connective; cap-
sule with persistent column. Trees or shrubs. 
Leaves spiral or distichous, simple, usually 
coriaceous; leaf margins serrate. Stomata 
mostly paracytic (except in Franklinia, 
Pyrenaria spp.). Flowers generally large and 
showy, usually solitary, axillary, bisexual; 
Sepals fi ve or more, imbricate, calyx lobes 
persistent or deciduous; petals fi ve, rarely 
numerous, free or connate basally; stamens 
generally more than 40, in 2–6 cycles, free, 
rarely connate; fi laments several times as long 
as anthers. Exine mostly fi nely granulate or 
fi nely reticulate. Carpels mostly (3-)5(-10); 
ovary superior. Female gametophyte of 
Polygonum-, or rarely Allium-type. Fruits dry, 
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capsular or indehiscent. Pericarp usually 
woody, rarely coriaceous. Seeds often one or 
few in each locule, fairly large, often winged, 
seed coat woody; endosperm present or absent, 
sometimes copious (Stewartia); embryo broad, 
straight or slightly bent; radicle much shorter 
than the broad cotyledons, accumbent. Contain 
fl avonols, fl avones, proanthocyanins and 
ellagic acid, n = 15, 18.. . . . . . . 5. theaceae.

4 Anthers opening by very small apical pore 
formed by a small, uplifting valve. Ovules two in 
each locule, pendulous from the inner angle, 
campylotropous to apotropous, crassinucellate. 
Seeds more or less winged, with scanty 
endosperm and horseshoe-shaped embryo. Fruits 
rather woody, loculicidal capsules with  persistent 
central column. Flowers in axillary or terminal 
racemes, 5-merous throughout, with two bracte-
oles appressed to the calyx. Filaments thickened 
and expanded toward the middle, loosely con-
nivent toward the base. Evergreen shrubs or 
small trees with mucilage cells in the cortex. 
Clustered crystals of calcium oxalate present in 
parenchymatous tissues, but not in the form of 
raphides. Vessel elements elongate, with scalari-
form perforations. Buds perulate. Plants 
Al-accumulators; . . . . .3. pentaphylacaceae.

4 Anthers opening by longitudinal slits. Ovules 
tenuinucellate. Vessels with simple perfora-
tions or sometimes some of them with scalari-
form perforations. Corolla sympetalous, 
5-lobed. Sepals fi ve, without glandular pits, 
persistent in fruit. Stamens fi ve, attached to 
the tube of the corolla; connectives prolonged 
and abruptly infl exed, forming a roof over the 
gynoecium. Ovary 5-locular, 5-grooved, api-
cally shortly 5-lobed, each lobe ventrally stig-
matic and imperfectly sealed. Ovules two in 
each locule, unitegmic, apical-axile, pendu-
lous on a long funicle. Flowers small, in termi-
nal panicles or compound spikes. Fruits 
oblate-compressed drupes with thin fl esh and 
very thick-walled, 5-locular pyrene. Seeds 
with very reduced seed coat and copious 
endosperm surrounding straight, cylindric 
embryo with a long hypocotyl and two very 
short cotyledons. Clustered crystals of calcium 
oxalate present in parenchymatous tissues. 

Small evergreen, glabrous trees. Vessels with 
oblique perforation plates that have 10–50 
bars. Phloem stratifi ed. Nodes pentalacunar 
with fi ve traces. Leaves simple, leathery, mar-
gin with caduceus glands. Stomata more or 
less anomocytic, n = 25. 6. oncothecaceae.

1 Leaves 3–5-foliolate, evergreen, alternate (Antho-
discus) or opposite (Caryocar), toothed or seldom 
subentire; simple leaves intermixed with palmate 
leaves in Anthodiscus; leafl et blades usually serru-
late or serrate in Caryocar, crenulate or crenate in 
Antho-discus. Stipules caducous or none. Stomata 
mostly anomocytic. Small to very large trees, the 
boles of some large Caryocar have conspicuous 
running buttresses; C. brasiliense shrublike. Nodes 
penta- or multilacunar. Branched sclerenchyma-
tous idioblasts and solitary or clustered crystals of 
calcium oxalate present in parenchymatous tissues. 
Vessels usually with simple perforations. Fibers 
with simple, small pits, often septate. Rays hetero-
geneous. Axial parenchyma mostly apotracheal 
(Caryocar) or paratracheal (Anthodiscus). Flowers 
large, in terminal, ebracteate racemes,  bisexual, 
nocturnal (Caryocar). Sepals 5–6, imbricate or 
truncate, cuplike with scarcely deve-loped lobes in 
Anthodiscus. Petals 5–6, imbricate, free (Caryocar) 
or connate above into a calyptra (Anthodiscus). 
Stamens numerous (55–750), in fi ve fascicles alter-
nating with the petals or shortly connate at the base 
into a ring; the innermost stamens shorter and sta-
minodial. Filaments very long, variously bent in 
bud, often covered with minute, glandlike tubercu-
les toward apex, sometimes the inner ones without 
anthers; anthers small, versatile, dorsifi xed or bas-
ifi xed. Gynoecium of 4–20 carpels, with free, very 
long and fi liform (Caryocar) or short (Anthodiscus) 
stylodia. Ovary superior, 4–6 (Caryocar) or 
8–20- locular, with a single ascending, anatropous 
or orthotropous, bitegmic ovule in each locule; pla-
centation axile. Fruits drupaceous, separating into 
1-seeded pyrenes at maturity, the endocarp muri-
cate, tuberculate, or spinulose surfaces, breaking 
up into 1-seeded parts. Seeds 1–4 in Caryocar, 
8–20 in Anthodiscus, reniform, with scanty or no 
endosperm; embryo straight (Caryocar) with a 
large, oily, and proteinaceous, or spirally twisted 
hypocotyl and small hooked infl exed cotyledons; 
n = 23.  . . . . . . . . . . . . . . . . . . 7. caryocaraceae.



Superorder ERICANAE 173

1. STACHYURACEAE

J. Agardh 1858. 1/16. Himalayas, southern Tibet, 
Assam, northern Burma, continental China, Taiwan, 
Japan, Bonin Islands, northern Indochina.

Stachyurus
One of the most archaic member of Theales.

2. SLADENIACEAE

Airy Shaw 1965. 2/3. South-East Asia, trop. Africa.
Sladenia (South-East Asia), Ficalhoa (trop. Africa).

Sladeniaceae differ from the Ternstroemiaceae and 
Theacea in many apomorphic characters. The mono-
typic Southeast-asiatic genus Sladenia differs not only 
in its dichasial cymes, dilated fi laments, and lack of 
foliar sclereids (Keng 1962) but also in the high degree 
of vessel grouping (vessels in radial multiples of 2–6) 
and in the opposite to alternate intervessel pits (Liang 
and Baas 1990).

3. PENTAPHYLACACEAE

Engler 1897. 1/1–2. Southern China, Vietnam, Malay 
Peninsula, Sumatra.

Pentaphylax.
Very close to the Ternstroemiaceae, especially to 

Freziereae, but ovules crassinucellate and embryo 
horseshoe-shaped.

4. TERNSTROEMIACEAE

Mirbel ex A.P. de Candolle 1816. 11/340. Tropical and 
subtropical regions, few in Africa.

ternstroemieae: Ternstroemia, Anneslea; frezie-
reae: Adinandra, Cleyera, Archboldio dendron, 
Eurya, Freziera, Symplococarpon, Euryo dendron, 
Visnea, Balthasaria.

5. THEACEAE

Mirbel ex Ker Gawler 1816 (including Camelliaceae 
A.P. de Candolle 1816, Gordoniaceae Sprengel 1826). 
9/460. Tropical and subtropical regions, but some spe-

cies reach temperate parts of eastern Asia and eastern 
North America.

theeae: Camellia (including Thea), Pyrenaria 
(including Tutcheria), Polyspora, Laplacea, Aptero-
sperma; gordonieae: Gordonia, Franklinia, Schima; 
stewartieae: Stewartia (including Hartia).

Theaceae together with Ternstroemiacea are one of 
the most archaic members of the order Theales.

6. ONCOTHECACEAE

Kobuski ex Airy Shaw 1965. 1/2. New Caledonia.
Oncotheca.
Near to Ternstroemiaceae (Airy Shaw 1965; Baas 

1975; Carpenter and Dickison 1976; Shilkina 1977; 
Dickison 1982), from which they differ mainly in the 
sympetalous corolla, pentalacunar node, encyclocytic 
stomata, prolonged and abruptly infl exed anther con-
nectives forming a roof over the gynoecium, unitegmic 
ovules, drupelike fruits with 5-locular pyrene and 
 exotestal seeds.

7. CARYOCARACEAE

Voigt 1845. 2/25. Tropical America from Costa Rica to 
Paraguay, but best developed in the Amazon baSinica

Caryocar, Anthodiscus.
Allied to the Theaceae, but differ by compound 

leaves, more complex structure of the vascular sys-
tem of petiole, vessels with simple perforations, size 
and shape of the hypocotyl and cotyledons, drupa-
ceous fruits. Have some common features with the 
Tetrameristaceae (subepidermal formation of the 
cork, presence of idioblasts), but differ in many other 
respects. A very distinct and isolated family, which 
according to Corner (1976: 89) is “clearly a relict of an 
ancestral state far removed from modern Theales.”
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Order 51. BALSAMINALES

Perennial or annual herbs, subshrubs, shrubs or small 
trees, sometimes lianas or epiphytic shrubs. Vessels 
generally with simple perforations, but very few with 
scalariform perforations; lateral pitting alternate or 
opposite Fibers with simple or small bordered pits. 
Rays heterogeneous or homogeneous. Axial paren-
chyma mostly paratracheal. Sieve-element plastids of 
S-type. Nodes unilacunar or rarely (Tetrameristaceae). 
Leaves alternate, opposite or verticillate, simple, entire 
or toothed, pinnately veined; stipules absent or repre-
sented by a pair of small petiolar glands. Stomata ano-
mocytic, with some tendency to anisocytic or staurocytic 
type. Flowers solitary or in small, sometimes umbelli-
form cymose infl orescences, bisexual, zygomorphic, 
4–5-merous. Sepals free or basally connate, imbricate, 
somewhat petaloid. Petals free or more or less connate 
at the base. Nectary disc wanting. Stamens 3–5 to 
numerous (Marcgraviaceae); fi laments broad free or 
apically or basally connate; anthers small, introrse, bas-
ifi xed or dorsifi xed, tetrasporangiate, opening less often 
longitudinally. Tapetum secretory. Microsporogenesis 
simultaneous. Pollen grains 2-celled or very rarely 
3-celled, 3-colpate or sometimes 4–5-colpate. 
Gynoecium of 2–8 variously united carpels; stylodia 
connate into a very short style or stigma almost sessile; 
ovary superior, 5(4)-locular, or 1–2-locular, sometimes 
plurilocular; ovules solitary to numerous in each loc-
ule, or 2–3 ovules per locule (Hydrocera). Ovules ana-
tropous, apotropous, campylotropous, sometimes 
pendulous, bitegmic or sometimes unitegmic by fusion 
or intermediate, tenuinucellate, with a characteristic 
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endothelium. Female gametophyte of Polygonum- or 
Allium-type. Endosperm cellular, with chalazal and 
micropylar haustorium, or nuclear. Fruits indehiscent 
or elastically dehiscent loculicidal capsules 
(Balsaminaceae), Seeds exotestal, with large straight, 
or slightly curved embryo; endosperm copious, scanty 
or wanting; cotyledons sometimes large.

The families included in this order have many simi-
larities, such as: specialized nectaries or glands on 
leaves, petioles, sepals or petals, tenuinucellate, biteg-
mic ovules, endostomal micropyle, short style and little 
expanded stigma, endosperm with mycropylar hausto-
rium, etc. They closely relationships also strongly 
(100%) supported by molecular date (Soltis et al. 2000; 
Geuten et al. 2004; Soltis et al. 2006). Formerly these 
families have never been included in one order.

Key to Families
1 Endosperm cellular.

2 Perennial (rarely subshrubs) or more often annual 
herbs, sometimes with tubers or rhizomes and 
with more or less watery and succulent, stems 
more or less translucent, often with raphide-sacs. 
Idioblasts with possible mucilage content in stems 
and leaves. Vessels generally with simple perfora-
tions, but very few with scalariform perforations 
with 1–3 bars. Nodes unilacunar. Leaves alternate, 
opposite or verticillate, simple, entire or toothed, 
pinnately veined; stipules absent or represented by 
a pair of small petiolar glands. Stomata anomo-
cytic, with some tendency to anisocytic type. 
Flowers solitary or in small, sometimes umbelli-
form cymose infl orescences, pedicels twisted, 
bisexual, zygomorphic, often resupinate, 5-mer-
ous. Sepals imbricate, the lowest (posterior) one 
very large, somewhat petaloid, often saccate and 
gradually prolonged backward into a tubular nec-
tariferous spur whose cavity is lined by a layer of 
secretory cells, the two lateral are small and 
pushed forward to the anterior aspect of the fl ower, 
while the two upper (anterior) ones are minute or 
aborted. The upper petal free, large, external in 
bud, concave and partly sepaloid, the others free in 
Hydrocera, but in Impatiens more or less connate 
in pairs on each side of the fl ower, each pair sug-
gesting a single bilobed petal. Stamens fi ve, alter-
nating with the corolla members; fi laments broad 
and short, apically connate; anthers small, introrse, 
tetrasporangiate, cohering and covering the ovary 

like a cap; ultimately they rupture at the base and 
are lifted up by the lengthening gynoecium; 
microsporangia characteristically divided by tra-
beculae that separate the sporogeneous tissue into 
islands. Pollen grains 2-celled or very 
rarely 3-celled, 3-colpate or sometimes 4–5-col-
pate. Gynoecium of 5(4) united carpels; stylodia 
connate into a very short style or stigma almost 
sessile; stigma solitary or fi ve nonpapillate stig-
mas; ovary superior, 5(4)-locular, with 5–50 
ovules per locule (Impatiens) or 2–3 ovules per 
locule (Hydrocera). Ovules pendulous, anatro-
pous, apotropous (the micropyle directed upward 
and inward), bitegmic or sometimes unitegmic by 
fusion or intermediate, tenuinucellate, with a 
characteristic endothelium. Female gametophyte 
of Polygonum- or Allium-type. Endosperm cellu-
lar, with chalazal and in Hydrocera also with 
micropylar haustorium. Fruits in Impatiens elasti-
cally dehiscent loculicidal capsules, the valves 
separating from the placentas and becoming elas-
tically coiled while the seeds are shot out on all 
sides, in Hydrocera pentagonal, berrylike drupes, 
the stone eventually separating into fi ve 1-seeded 
pyrenes. Seeds pachychalazal, exotesta only thick-
ened, with large straight embryo; endosperm 
scanty or (Hydrocera) none; cotyledons large; 
seed coat usually contains crystals. Contain raphi-
des of calcium oxalate and large amounts of leu-
canthocyanins and napthoquinones, present 
proanthocyanidins ( cyanidin and delphinidin), fl a-
vonols (kaempferol and quercetin), n = 8 
(Hydrocera), in Impatiens basic  numbers n = 7, 8, 
9 and 10 (Fischer 2004).  . . . .1. balsaminaceae.

2 Lianas or epiphytic shrubs with climbing aerial 
roots, seldom erect shrubs or small trees. Stems 
often slender, more or less scrambling. Raphides 
and sclerenchymatous idioblasts present in the 
parenchy matous tissues. Vessels with scalariform 
perforations (in Noranthea with numerous bars) 
or more often with simple perforations; lateral pit-
ting alternate or less often opposite. Fibers septate, 
with small bordered pits. Rays heterogeneous, of 
primitive type. Axial parenchyma apotracheal or 
paratracheal. Leaves alternate, simple, sometimes 
dimorphic, fl eshy, entire, with marginal to abaxial 
cavities, estipulate. Stomata staurocytic. Bracts of 
the sterile fl owers modifi ed into pitcherlike, sac-
cate, spurred or hooded nectariferous structures. 
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Infl orescences terminal, sometimes caulifl orous 
on short lateral shoots, racemose, forming pseu-
dospikes or pseudoumbels; extrafl oral bracteal 
nectaries present, often conspicuously colored; 
bracteoles two, generally sepal-like. Flowers acti-
nomorphic, bisexual. Sepals fi ve or four, free or 
basally connate, much imbricate, persistent. Petals 
fi ve or four, free or more or less connate at the 
base, in Marcgravia distally connate into a decid-
uous calyptra. Stamens three to numerous; fi la-
ments free or basally connate, sometimes adnate 
to the base of the petals; anthers tetrasporangiate, 
introrse, opening longitudinally. Gynoecium of 
2–20 carpels; ovary superior, at fi rst 1-locular, but 
becoming plurilocular by intrusion and fusion of 
the parietal placentas; stigmas nearly sessile, 
radiate, lobed or umbonate. Ovules 10–20 to 
numerous in several rows on thick placentas, 
ana tropous, with a poorly developed endothe-
lium. Endosperm cellular and at least in 
Marcgravia with a micropylar haustorium. Fruits 
thick and rather fl eshy, indehiscent or slightly 
dehiscent into the loculi at the base. Seeds numer-
ous, small, with very scanty or no endosperm and 
straight or slightly curved embryo. Flowers in 
terminal, often pendulous racemes, spikes, or 
umbels. Contain terpenes, tannins, saponins, 
alkaloids, and phenolics, n = 18 (Marcgravia 
evenia) (Dressler 2004). . . 2. marcgraviaceae.

1 Endosperm nuclear.
3 Ovary 4–5-locular, capped by a terminal style 

with a punctate or minutely lobed stigma. Ovule 
 solitary in each carpel, anatropous, axile-basal, 
bitegmic. Fruits dry, more or less coriaceous, 
4–5-seeded berry. Seeds relatively large, with 
copious endosperm surrounding a straight, basal 
embryo with the hypocotyl much longer than the 
two cotyledons. Flowers small, in axillary, umbel-
liform or compactly corymbiform raceme, sub-
tended by two persistent or deciduous bracteoles, 
4–5-merous throughout; fi laments shortly connate 
at the base. Sepals free, imbricate, with numerous 
glandular pits on middle of adaxial surface; petals 
free, imbricate, greenish. Stamens fi ve, alternate 
with petals; fi laments fl attened, basally connate; 
anthers basifi xed, introrse. Leaves not decurrent, 
alternate, simple, entire, crowded at branch tips, 
blades coriaceous, glossy, the apex rounded to 
emarginate, with marginal glands; stipules absent. 

Stomata mostly anomocytic. Trees to 15 m tall, or 
shrubs. No sclerenchymatous idioblasts. Vessels 
with simple perforation (Tetramerista), predomi-
nantly simple but sometimes scalariform perfora-
tions in Pentamerista with 2–5 bars. Axial 
parenchyma mainly diffuse to diffuse-in-aggre-
gates, but also scanty paratracheal (Lens et al. 
2005).  . . . . . . . . . . . . . . . . 3. tetrameristaceae.

3 Ovary imperfectly 2-locular, occasionally 1-locu-
lar by abortion, superior, conic-cylindric, 
10-grooved, with gradually tapering style and 
punctiform stigma. Ovules solitary in each locule, 
large, campylotropous, bitegmic, pendulous from 
the inner angle. Fruits dry and leathery, indehis-
cent, woody, 10-grooved, long-acuminate, tur-
binate, reddish brown, covered with resinous 
pustules, 1-seeded. Seeds large, without endosperm; 
embryo cordate, with broad, large, fl eshy cotyle-
dons, well-developed, pointed radicle projecting 
into the beak of the fruit, and elongate, hooked, 
reddish plumule. Flowers large, solitary, axillary, 
closely subtended and enclosed for a time by two 
long petaloid foliaceous involute bracteoles sur-
passing petals, with 5-merous perianth and androe-
cium. Sepals free, petaloid, externally rosy, much 
shorter than the bracteoles and petals, ovate, adaxi-
ally concave, proximal half of adaxial surface cov-
ered with glands; petals free, white to pinkish red. 
Stamens fi ve, free, lying within the alternate groves 
of the ovary; anthers elongate, basally sagittate, 
with distinctly prolonged connective. Branched, 
sclerenchymatous idioblasts present in the cortex 
and pith. Leaves disposed at the ends of the 
branches, involute in bud, asymmetric, leathery, 
shortly decurrent, with almost annular structure of 
the vascular strand in the petiole; pair of extrafl oral 
nectaries often present near the base of leaf. 
Mangrove trees with trunks buttressed at base; 
raphides in idioblasts or the parenchymatous tis-
sue. Vessels with simple perforations. Axial paren-
chyma apotracheal . . . . . . . . . .4. pellicieraceae.

1. BALSAMINACEAE

Berchtold and J. Presl 1820 (including Hydroceraceae 
Blume 1825, Impatientaceae Barnhart 1895). 2/c.1000. 
Mainly tropical Asia and Africa, a few species in tem-
perate regions of Eurasia, Africa, and North America.
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Impatiens (including Semelocardium, Impatien-
tella), Hydrocera.

Related to the Marcgraviaceae.

2. MARCGRAVIACEAE

A.L. de Jussieu ex A.P. de Candolle 1816 (including 
Noranteaceae A.P. de Candolle 1935). 7/130. Tropical 
America.

2.1 NORANTEOIDEAE
Leaves alternate, simple. Flowers 5-merous – Norantea, 
Sarcopera, Marcgraviastrum, Ruyschia, Souroubea, 
Schwartzia.

2.2 MARCGRAVIOIDEAE
Stems dimorphic (the sterile stems creeping or 
root- climbing, bearing two rows of small, juvenile, 
cordate leaves, the fertile stems free and pendulous, 
usually rootless, bearing adult leaves – Dressler 2004). 
Leaves distichous, dimorphic. Flowers 4-merous with 
 calyptrate corolla. Nectaries adnate to abortive  fl owers 
– Marcgravia.

Molecular analyses place the Marcgraviaceae as a 
sister to the Tetrameristaceae and Pellicieraceae (Soltis 
et al. 2000, 2006; Anderberg et al. 2002). Norantea 
(about 35 species), characterized by scalariform perfo-
rations with numerous bars, is relatively the most 
archaic genus (Dressler 2004).

3. TETRAMERISTACEAE

Hutchinson 1959. 2/4. Malay Peninsula, Borneo, and 
Sumatra (Tetramerista) and Guyana Highlands in 
southern Venezuela (Pentamerista).

Tetramerista, Pentamerista
Already Hallier (1916) recognized the affi nity 

Tetrameristaceae with the Marcgraviaceae, which is 
supported recent molecular data (Soltis et al. 2006).

4. PELLICIERACEAE

L. Beauvisage ex Bullock 1959. 1/1. Mangroves along 
Pacifi c coasts and islands of Nicaragua, Costa Rica, 
Panama, Colombia, and Ecuador.

Pelliciera.

Recent molecular studies (Soltis et al. 2000; Anderberg 
et al. 2002) provide also strong support for a clade con-
sisting of Pelliciera, Tetramerista, and Marcgraviaceae.

Bibliography

Akiyama S, M Wakabayashi, and H Ohba. 1992. Chromosome 
evolution in Himalayan Impatiens (Balsaminaceae). Bot. J. Linn. 
Soc. 109: 247–257.

Antlfi nger AE. 1986. Field germination and seedling growth of 
chasmogamous and cleistogamous progeny of Impatiens 
capensis (Balsaminaceae). Am. J. Bot. 73: 1267–1273.

Arisumi T. 1980. Chromosome numbers and breeding behavior 
of hybrids among Celebes, Java and New Guinea species of 
Impatiens L. Hort. Sci. 9: 478–479.

Bedell HG. 1985. A generic revision of Marcgraviaceae. I. The 
Noranthea complex. Ph.D. dissertation, University of 
Maryland, College Park.

Boesewinkel FD and F Bouman. 1991. The development of bi- 
and unitegmic ovules and seeds in Impatiens. Bot Jahrb. 
Syst. 113: 87–104.

Boesewinkel FD and F Bouman. 2000. Balsaminaceae. 
In: A Takhtajan, ed. Comparative seed anatomy, 6: 40–42. 
St. Petersburg (in Russian).

Caris P, KP Geuten, SB Janssens, and EF Smets. 2006. Floral 
development in three species of Impatiens (Balsaminaceae). 
Am. J. Bot. 93: 1–14.

Dressler S. 2004a. Marcgraviaceae. In: N Smith, SA Mori, 
A Henderson, DW Stevenson, and SV Heald, eds. Flowering 
plants of the Neotropics, pp. 236–238. The New York 
Botanical Garden. Princeton University Press, Princeton.

Dressler S. 2004b. Marcgraviaceae. In: K Kubitzki, ed. The 
families and genera of vascular plants, 6: 258–265. Springer 
Berlin, Heidelberg, New York.

Fischer E. 2004. Balsaminaceae. In: K Kubitzki, ed. The fami-
lies and genera of vascular plants. 6: 20–25. Springer, Berlin/
Heidelberg/New York.

Frame D. 2004. Pellicieraceae. In: N Smith, SA Mori, 
A Henderson, DW Stevenson, and SV Heald, eds. Flowering 
plants of the Neotropics, pp. 289–290. The New York 
Botanical Garden. Princeton University Press, Princeton.

Geuten K, E Smets, P Schols, Y-M Yuan, S Janssens, P Küpfer, 
and N Pyck. 2004. Confl icting phylogenies of balsaminoid 
families and the polytomy in Ericales: combining data in a 
Bayesian framework. Molec. Phylog. Evol. 31: 711–729.

Govindarajan T and D Subramanian. 1986. Karyotaxonomy of 
south Indian Balsaminaceae. Cytologia 51: 107–116.

Grey-Wilson C. 1980. Studies in Balsaminaceae: V. Hydrocera 
trifl ora, its fl oral morphology and relationships with 
Impatiens. VI. Some observations on the fl oral vascular anat-
omy of Impatiens. Kew Bull. 35: 213–219, 221–227.

Hallier H. 1916. Beitrage zur Flora von Borneo, Marcgraviaceae. 
Bot. Centralbl. Beib. 34: 38.

Huynh K-L. 1968. Morphologie du pollen des Tropaeolacées et des 
Balsaminacées, parts 1, 2. Grana Palynol. 8: 88–184, 277–516.

Huynh K-L. 1970. Quelques caractéres cytologiques, anatomiques, 
et embryologiques distinctifs du genre Tropaeolum et du 



Superorder ERICANAE 179

genre Impatiens, et position taxonomique de la famille des 
Balsaminacées. Bull. Soc. Neuchateloise Sci. Nat. 93: 
165–177.

Janssens S, F Lens, S Dressler, K Geuten, E Smets, and 
S Vinckier. 2005. Palynological variation in balsaminoid 
Ericales. II. Balsaminaceae, Tetrameristaceae, 
Pellicieraceae and general conclusions. Ann. Bot. 96: 
1061–1073.

Janssens S, K Geuten, Y-M Yuan, Y Song, P Küpper, and 
E Smets. 2006. Phylogenetics of Impatiens and Hydrocera 
(Balsaminaceae) using chloroplast aptB-rbcL spacer 
sequences. Syst. Bot. 31: 171–180.

Kubitzki K. 2004a. Pellicieraceae. In: K Kubitzki, ed. The fami-
lies and genera of vascular plants, vol. 6, pp. 297–299. 
Springer, Berlin/Heidelberg/New York.

Kubitzki K. 2004b. Tetrameristaceae. In: K Kubitzki, ed. The 
families and genera of vascular plants, vol. 6, pp. 461–462. 
Springer, Berlin/Heidelberg/New York.

Lens F, S Dressler, S Jansen, L van Evelghem, and E Smets. 
2005. Relationships within balsaminoid Ericales: a wood 
anatomical approach. Am. J. Bot. 92: 941–953.

Lu Y-Q and Y-L Chen. 1991. Pollen morphology of Impatiens L. 
(Balsaminaceae) and its taxonomic implications. Acta 
Phytotax. Sinica 29: 252–257.

Maguire B, C de Zeeuw, Y-C Huang, and CC Clare Jr. 1972. 
Botany of Guyana Highland: Part IX. Tetrameristaceae. 
Mem. New York Bot. Gard. 23: 165–192.

Mauritzon J. 1939. Über die Embryologie von Marcgravia. Bot. 
Not. 1939: 249–255.

Narayana LL. 1963. Contributions to the embryology of 
Balsaminaceae, part 1. J. Indian Bot. Soc. 42: 102–109.

Narayana LL. 1965. Contributions to the embryology of 
Balsaminaceae, part 2. J. Jpn. Bot. 40: 104–116.

Narayana LL. 1970. Balsaminaceae. In Symposium on compar-
ative embryology of angiosperms. Bull. Indian Natl. Sci. 
Acad. 41: 158–162.

Narayana LL. 1974. A contribution to the fl oral anatomy of 
Balsaminaceae. J. Jpn. Bot. 49: 315–320.

Plisco MA. 1991. Marcgraviaceae. In: A Takhtajan, ed. 
Comparative seed anatomy, vol. 3, pp. 191–193. Nauka, 
Leningrad (in Russian).

Punt W. 1971. Pollen morphology of the genera Norantea, 
Souroubea, and Marcgravia (Marcgraviaceae). Pollen et 
Spores 13: 199–232.

Rama Devi D and LL Narayana. 1989. Floral anatomy of 
Balsaminaceae. In: M Trivedi, B Gill, and S Saini, eds. Plant 
Science Research in India, pp. 707–413. Today & Tomorrow’s 
Printers & Publishers, New Delhi, India.

Rao RVS, KR Ayyangar, and R Sampathkumar. 1986. On 
the karyological characteristics of some members of 
Balsaminaceae. Cytologia 51: 251–260.

Roon AC de. 1967. Foliar sclereids in the Marcgraviaceae. Acta 
Bot. Neerl. 15: 585–623.

Roon AC de. 1975. Contributions towards a monograph of the 
Marcgraviaceae. Ph.D. thesis, University of Utrecht, Utrecht, 
The Netherlands.

Roth LC and A Grijalva. 1991. New record of the mangrove 
Pelliciera rhizophorae (Theaceae) on the Caribbean coast of 
Nicaragua. Rhodora 93: 183–186.

Saleh NAM and GHN Towers. 1974. Flavonol glycosides of 
Norantea guianensis fl owers. Phytochemistry 13: 2012.

Schemske DW. 1978. Evolution of reproductive characteristics 
in Impatiens (Balsaminaceae): the signifi cance of cleistog-
amy and chasmogamy. Ecology 59: 596–613.

Schürhoff PN. 1931. Die Haploidgeneration der Balsaminaceae 
und ihre Verbreitung für die Systematik. Bot. Jahrb. Syst. 64: 
324–356.

Simon L. 1975. Le gynécée de L’Impatiens balsamina: Étude 
morphologique, ontogénique, et tératologique. Canad. 
J. Bot. 53: 2361–2383.

Song Y, Y-M Yuan, and P Küpfer. 2003. Chromosomal evolu-
tion in Balsaminaceae with cytological observations on 45 
species from Southeast Asia. Caryologia 56: 643–481.

Song Y, Y-M Yuan, and P Küpfer. 2005. Seed coat micromor-
phology of Impatiens (Balsaminaceae) from China. Bot. 
J. Linn. Soc. 149: 195–208.

Steffen K. 1951. Die Embryoentwicklung von Impatiens glan-
dulifera Lindl. Flora 139: 175–244.

Stevenson DW. 2004. Tetrameristaceae. In: N Smith, SA Mori, 
A Henderson, DW Stevenson, and SV Heald, eds. Flowering 
plants of the Neotropics, pp. 368–369. The New York 
Botanical Garden. Princeton University Press, Princeton.

Swamy BGL. 1948. A contribution to the embryology of the 
Marcgraviaceae. Am. J. Bot. 35: 628–633.

Venkateswarlu J and L Lakshminarayana. 1957. A contribution 
to the embryology of Hydrocera trifl ora W. et A. 
Phytomorphology 7: 194–203.

Ward NM and RA Price. 2002. Phylogenetic relationships of 
Marcgraviaceae: insights from three chloroplast genes. Syst. 
Bot. 27: 149–160.

Wood CE. 1975. The Balsaminaceae in the southeastern United 
States. J. Arnold Arbor. 56: 413–426.

Utami N and T Shimizu. 2005. Seed morphology and classifi ca-
tion of impatiens (Balsaminaceae). Blumea 50: 447–456.

Yuan Y-M, Y Song, K Geuten, E Rahelivololona, S Wohlhauser, 
E Fisher, E Smets, and P Küpfer. 2004. Phylogeny and bio-
geography of Balsaminaceae inferred from ITS sequences. 
Taxon 53: 391–403.

Zinoveve-Stahevitch AE and WF Grant. 1984. Chromosome 
numbers in Impatiens (Balsaminaceae). Canad. J. Bot. 62: 
2630–2635.

Order 52. HYPERICALES

Trees, shrubs, woody lianas, or herbs. Mostly with res-
inous, often colored juice in schizogenous secretory 
canals or cavities, and commonly with scattered 
 tanniniferous secretory cells as well. Vessel elements 
with simple or sometimes mixed simple and scalari-
form perforations; lateral pitting alternate. Fibers with 
simple or seldom bordered pits, often septate. Rays 
heterogeneous to homogeneous. Axial parenchyma 
apotracheal or paratracheal, sometimes (Hypericum) 
wanting. Sieve-element plastids of S-type. Nodes 
mostly unilacunar, rarely (Bonnetiaceae) trilacunar. 
Leaves opposite, verticillate, or sometimes alternate, 
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simple and mostly entire, pinnately veined, usually 
with many slender lateral veins, often with resin- 
cavities appearing as pellucid dots, estipulate or very 
rarely (Mahurea of Clusiaceae and Elatinaceae) stipu-
late. Stomata mostly paracytic. Flowers in terminal, 
cymose infl orescences or sometimes solitary and 
 terminal, bisexual or unisexual, actinomorphic, often 
with bracteoles (sometimes passing into sepals). Sepals 
imbricate. Petals (2)3–6(-14), free or basally connate, 
imbricate or contorted. Stamens usually numerous, 
free, and developing in centrifugal sequence or more 
often grouped into 2–3 centrifugal bundles opposite 
and often adnate to the petals, rarely only fi ve or even 
three stamens. Anthers tetrasporangiate or dispo-
rangiate, opening longitudinally. Tapetum secretory. 
Microsporogenesis simultaneous. Pollen grains 2-celled, 
(2)3(-5)-colporate. Gynoecium of 3-5(-20 or more) 
united carpels; stylodia free to connate into a style 
with lobed or peltate stigma. Ovary superior, with as 
many locules as carpels or less often 1-locular (intruded 
placenta not meeting in the center), with (1)2 to many 
ovules per carpel. Ovules anatropous,  bit egmic, 
tenuinucellate. Female gametophyte of Polygonum-
type. Endosperm nuclear. Fruits capsules, berries, 
or drupes. Seeds small to large, often with funicular 
or micropylar aril. Seed coat formed by both integu-
ments and usually characterized by large cells with 
thick and more or less lignifi eed walls in the exoteg-
men. Endosperm lacking or reduced to 1–2  layers of 
thin-walled cells; embryo straight or curved. Generally 
producing proanthocyanins, and often accumulating 
diverse sorts of xanthones; n = 7–10.

Close related to the Theales.

Key to Families
1 Leaves stipulate; petals imbricate. Perennial or 

annual herbs of aquatic or moist terrestrial habitats, 
rarely (Bergia suffruticosa) suffrutescent. Stems gla-
brous or (Bergia) glandular pubescent throughout. 
A resinous secretion, brownish when dry, is widely 
distributed in the tissues or deposited in granular 
form on the surface of the stem. Secretory cells with 
taninlike compounds occur in cortex, pith, and xylem 
parenchyma of Bergia. Vessels with simple perfora-
tions; lateral pitting alternate. Fibers with fully bor-
dered pits. Vasicentric tracheids present. Nodes 
unilacunar. Leaves and decussate or very rarely ver-
ticillate (Elatine alsinastrum), entire or coarsely den-
tate, with a pair of scarious, interpetiolar stipules. 

Stomata anomocytic. Flowers small, solitary, or in 
dichasia in the axils of the leaves, bisexual, actino-
morphic, cyclic, 5-merous in Bergia (except for 
3-merous B. trimera) and 2-, 3-, or 4-merous in 
Elatine. Sepals (2)3–5(6), free or more or less united 
basally, glandular pubescent in Bergia. Petals as 
many as the sepals, small, membranaceous, free, per-
sistent. Stamens from as many to twice as many as 
the petals, free, in one or two cycles, the outer cycle 
alternates with the petals; anthers broadly ovoid, dor-
sifi xed, introrse, 2-locular, opening longitudinally. 
Pollen 3-colporate. Gynoecium syncarpous, of 2–5 
carpels, with more or less free and often short stylo-
dia; stigmas capitate; ovary 2–5-locular (the parti-
tions not reaching the summit in some Asian species 
of Bergia), gradually (Bergia) or abruptly (Elatine) 
narrowing into the stylodia, with numerous ovules 
on axile placentas. Ovules numerous, anatropous, 
weakly crassinucellate, micropyle zig-zag. Fruits 
thin-walled septicidal capsules. Seeds small, with 
reticulate surfaces; exotegmen with anticlinal walls 
sinuous, low, lignifi ed, embryo straight or less often 
more or less curved fi lling nearly the entire seed; 
endosperm reduced to 1–5 cell layers (Bergia) or 
none (Elatine). Several phenolic acids (including 
ellagic acid) occur in Bergia and ellagic acid in 
Elatine. n = 6, 9. . . . . . . . . . . . . . . . 4. elatinaceae.

1 Leaves estipulate (except Mahurea in Clusiaceae); 
petals contorted.
2 Leaves alternate. Nectariferous disc well- 

developed, alternate with the stamen clusters at 
the base of the ovary. Trees and shrubs, glabrous, 
sometimes resinous, mucilage cells common; the 
heartwood is dark reddish brown and heavy. 
Vessels with simple perforations. Nodes trilacunar 
(Bonnetia) or unilacunar (Archytaea, Ploiarium). 
Leaves alternate, crowded toward tips of branches, 
with close, ascending, lateral veins, margins 
minutely toothed by setae, petiole short. Stomata 
anomacytic. Flowers sometimes axillary, bisexual, 
cyclic, perianth members free or only slightly 
united at the base. Sepals fi ve, unequal, free, quin-
cuncial. Petals fi ve, contorted, very thick, free. 
Stamens numerous; fi laments slender, free, or 
basally connate, sometimes united into fi ve epipe-
talous bundles. Anthers short, basifi xed, sub-
basifi xed, or versatile and dehiscence is introrse or 
lateral-introrse; connective sometimes with a 
gland at the apex. Pollen grains 3-colporate, with 



Superorder ERICANAE 181

circular endoaperture. Ovary 3-, seldom 4-, or 
5-locular with numerous ovules; stylodia free or 
(Archytaea) united into style; stigma punctate, 
papillate. Ovules anatropous, tenuinucellate, many 
in each locule; micropyle exostomal. Fruits septi-
cidal capsules with a persistent central column. 
Seeds quite small, endotestal (Ploiarium), with 
scanty (Ploiarium), or no endosperm; embryo 
straight with short cotyledons and long radicle. 
Contain xanthones.. . . . . . . . . .1. bonnetiaceae.

2 Leaves opposite or very rarely alternate. Nectary 
absent.

3 Flowers mostly unisexual, polygamous or 
dioecious, rarely bisexual, actinomorphic. 
Infl orescences terminal or axillary, rarely rami-
fl orous. Sepals 2(3)4 or 5-12(-20), free, occa-
sionally fused. Petals 3–8 free, sometimes absent. 
Stamens numerous, up to 1,000, rarely few (eight 
in Oedematopus), free or all connate basally. 
Anthers extrorse to introrse, tetrasporangiate or 
disporangiate, opening by slits, rarely pores, con-
nective often with glands of various types. Pollen 
grains 3(2-5)-colporate. Staminodes often pres-
ent in female fl owers, pistillodium sometimes 
presents in male fl owers. Gynoecium of 5-3 
(1-15) carpels. Stylodia free to connate into a 
style; stigmas various, sometimes radiating. 
Ovary 1-several locules; ovules 1-many per loc-
ule; placentation axile or basal, rarely parietal or 
apical. Fruits often septicidal or (Mesua) septi-
fragal capsules, or berries, rarely drupes 
(Endodesmia). Seeds small to large, winged or 
often arillate; embryo straight, sometimes con-
ferruminate; cotyledons massive to almost 
absent, endosperm often wanting. Leaves oppo-
site, rarely alternate, not appearing gland-dotted. 
Indumentum when present not stellate. Evergreen 
trees, sometimes (some Calophyllum) with but-
tresses, or shrubs, sometimes epiphytic, with 
schizogenous canals or cavities. Plants glabrous 
or with unicellular or stellate hairs. Nodes unila-
cunar with one trace. Vessels with simple or 
sometimes scalariform perforations. Produce fl a-
vones, fl avonols, bifl avonoids, ellagic acid, and 
especially xanthones.  . . . . . . . . .2. clusiaceae.

3 Flowers bisexual, in mostly terminal, cymose-
paniculate infl orescences, or fl owers solitary. 
Sepals 4–5, free or basally connate. Petals 4–5, 
free. Stamens numerous (50–200), rarely 10(5); 

fi laments elongate, free or often connate in 3–5 
bundles, or basally monadelphous. Anthers tet-
rasporangiate, extrorse, opening by slits, connec-
tive often with glands. Pollen grains 3-colporate. 
Gynoecium of 3–5 carpels. Stylodia free or very 
rarely connate; stigmas apical. Ovary 1- or 
3–5-locular; ovules numerous, axile or rarely 
parietal. Fruits loculicidal or septicidal capsules 
or berries, rarely drupaceous. Seeds minute, not 
arillate, embryo green or white, endosperm 
absent, cotyledons moderate-sized. Leaves oppo-
site or verticillate, very rarely the lower leaves 
alternate (Psorospermum), usually gland-dotted, 
estipulate. Indumentum when present stellate. 
Evergreen or sometimes deciduous herbs, shrubs 
or trees; glands or canals in most parts of the 
plant. Vessels with simple or sometimes with 
scalariform perforations. Produce fl avones, fl a-
vonols, bifl avonoids, ellagic acid, and xanthones; 
n = 7–10, 12, 16–20. . . . . . . . 3. hypericaceae.

1. BONNETIACEAE

L. Beauvisage ex Nakai 1948. 3/35. Southeast Asia, 
West Malesia, Moluccas, and New Guinea (Ploiarium) 
and West Indies, Guyana, Brazil, and Peru.

Ploiarium, Bonnetia (including Neblinaria and Neo-
gleasoma and probably also Acopanea), Archytaea.

Bonnetiaceae occupy a somewhat intermediate posi-
tion between Theaceae (and closely related families, 
particularly Pellicieraceae) and Clusiaceae. “All genera 
together form a kind of gradual transition in the struc-
ture of their wood from Theaceae to Guttiferae,” states 
Baretta-Kuipers (1976: 99). The intermediate position 
of the Bonneriaceae is supported also by their stems and 
leaves anatomy (Dickison and Weitzman 1996) and fl o-
ral morphology and anatomy (Dickison and Weitzman 
1998). The presence of xanthones in the Bonnetiaceae 
makes them similar to the Clusiaceae. Also, they have 
secretory cavities in pith and phloem as do Kielmeyera 
and other Clusiaceae (Baretta-Kuipers 1976).

2. CLUSIACEAE

Lindley 1836 or Guttiferae A.L. de Jussieu 1789 (nom. 
altern.) (including Calophyllaceae J. Agardh 1858, 
Cambogiaceae Horaninow 1834, Garciniaceae Bartling 
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1830). 28/470. Widespread in tropical regions, mainly 
in rain forests.

2.1 CALOPHYLLOIDEAE (including 
Kielmeyeroideae)
Leaves alternate, with pellucid dots, rarely canals. 
Flowers bisexual, unisexual, or polygamous. Stamens 
free or united at base or apex; anthers sometimes with 
large, apical glands. Stylodia free or united. Fruits 
drupes or capsules. Seeds small to large, exarillate. 
Embryo large, with united large cotyledons. – calo-
phylleae: Neotatea, Marila, Mahurea, Clusiella, 
Kielmeyera, Caraipa, Haploclathra, Poeciloneuron, 
Mesua, Kayea, Mammea, Calophyllum, endodesmieae: 
Endodesmia, Lebrunia.

2.2 CLUSIOIDEAE
Trees or shrubs, sometimes epiphytic. Leaves oppo-
site, usually with canals. Flowers unisexual, rarely 
polygamous. Stamens free or in groups. Stylodia free 
or united. Fruits capsules or drupes. Seeds arillate or 
exarillate. Embryo with large hypocotyl and vestigial 
or no cotyledons. – clusieae: Clusia (including 
Quapoya, Havetia, Renggeria, Havetiopsis, Oedema-
topus, Pilosperma, Decaphalangium), Dystovomita, 
Tovomita (including Tovomitidium), Tovomitopsis, 
Chrysochlamys; garcinieae: Allanblackia, Garci nia 
(including Ochrocarpus).

2.3 MORONOBEOIDEAE (CHRYSOPIOIDEAE)
Leaves opposite. Flowers bisexual. Stamens in fi ve 
groups or united into a tube. Style long, 5-lobed above. 
Fruit mostly a berry. Seeds exarillate. Embryo undif-
ferentiated. – Pentadesma, Montrouziera, Moronobea, 
Platonia, Symphonia, Thysanostemon.

2.4 LOROSTEMONOIDEAE
Flowers bisexual.– Lorostemon

Closely related to the Bonnetiaceae. In many respects, 
on the basis of pollen morphology, Moronobeoideae dif-
fers markedly from the other subfamilies and in Erdtman’s 
(1952) opinion possibly deserves a family rank.

3. HYPERICACEAE

A.L. de Jussieu 1789 (including Ascyraceae Plenck 
1796). 9/550. Subcosmopolitan, mainly in temperate 
regions and mountains of the tropics.

vismieae: Vismia, Harungana (including Psoro-
spermum); hypericeae: Hypericum, Lianthus, 
Triadenum, Thornea, Santomasia; cratoxyleae: 
Cratoxylum, Eliea.

The Hypericaceae differ from Clusiaceae in their 
constantly bisexual fl owers, and only very rarely do 
the leaves have the numerous close, parallel nerves 
or the wormlike secretory cells so characteristic of 
Clusiaceae. These in Hypericaceae take the form of 
translucent dots so familiar in the type genus Hypericum 
and in this and other genera’s black dots. Besides, it is 
not less important that in the Hypericaceae the stylodia 
are more or less free. Both the Hypericaceae and 
Clusiaceae differ markedly from the Bonnetiaceae in 
the presence of a latex system.

4. ELATINACEAE

Dumortier 1829 (including Cryptaceae Rafi nesque 
1820). 2/35. Nearly cosmopolitan. Bergia primarily in 
tropical and subtropical regions and mainly of the Old 
World, while Elatine occurs in all continents except 
Antarctica.

Bergia, Elatine.
Elatinaceae have many features in common with 

the Clusiaceae and especially with the Hypericaceae, 
which also contain some aquatic forms (Cambessedes 
1829; Takhtajan 1966; Corner 1976; Cronquist 1981; 
Melikian 1992). The common features include oppo-
site leaves, syncarpous gynoecium with free stylodia 
and capitate stigmas, septicidal capsules as well as 
seed anatomy (Corner 1976; Melikian 1992) and stem 
anatomy (Carlquist 1984). The reticulate sculpturing 
of the seed coat in the Elatinaceae is very much like 
that of some Clusiaceae and Bonnetiaceae (especially 
the genus Ploiarium).
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Order 53. OCHNALES

Trees or shrubs, sometimes lianas (some Quiinaceae), 
less often subshrubs, very rarely herbs (some species of 
Sauvagesia). Cristarque cells and mucilage cells and 
canals usually present. Vascular bundles of the petiole 
mostly cylindrical. Young stems of woody members 
commonly with cortical vascular bundles and sometimes 
with medullary bundles as well. Vessels mostly with 
simple perforations, rarely with both simple and scalari-
form perforations, but Strasburgeriaceae have exclu-
sively scalariform perforations. Pits vestured. Rays 
heterogeneous or homogeneous. Axial parenchyma usu-
ally apotracheal or metatracheal, often scanty. Nodes 
mostly trilacunar or multilacunar. Leaves alternate or 
less often opposite or verticillate (Quiinaceae), simple or 
very rarely pinnately compound (Rhytidanthera splen-
dida), pinnately veined, often with numerous parallel 
secondary veins, stipulate or rarely (Medusagynaceae) 
estipulate. Stomata paracytic or less often anomocytic. 
Flowers of medium size or small, in cymose or racemose 
infl orescences, bisexual, actinomorphic or rarely with a 
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tendency to zygomorphy (Luxemburgia). Perianth usu-
ally cyclic, rarely spirocyclic (Ochna and Ouratea of the 
Ochnaceae and Strasburgeriaceae). Sepals (3)5(-12), 
imbricate, free or more or less united. Petals (3)5(-12), 
free, contorted or imbricate. Stamens few to many, 
free, sometimes on elongated androphore; fi laments free 
or connate basally, fi liform or broad and thick 
(Strasburgeriaceae); anthers tetrasporangiate, basifi xed 
or dorsifi xed, opening by longitudinal slits or apical 
pores. Tapetum secretory. Microsporogenesis simulta-
neous. Pollen grains 2-celled or 3-celled, mostly 
3-colporate or 3-porate. Sometimes the innermost sta-
mens sterile and transformed into a tube around the 
ovary, or they form a lobed intrastaminal disc. Gynoecium 
paracarpous; stylodia free or more often united into a 
simple style that is sometimes lobed at the end; stigma 
capitate; in each locule or on each parietal or axial 
(Medusagynaceae) placenta 1(-2) to many ovules. 
Ovules anatropous, campylotropous, or more or less 
hemitropous, bitegmic or rarely (Lophiraceae) uniteg-
mic, tenuinucellate or rarely (Strasburgeriaceae) crassi-
nucellate. Female gametophyte of Polygonum- or 
Allium-type. Endosperm nuclear. Fruits of different 
types. Seeds with or without endosperm; embryo straight 
or curved. Often producing proanthocyanins. Solitary or 
clustered crystals of calcium oxalate frequently present 
in some of the parenchymatous cells.
Related to the Hypericales.

Key to Families
1 Leaves usually alternate. Stylodia united into a 

style. Cortical bundles present.
2 Stipules intrapetiolar, basally connate. Ovules 

crassinucellate. Small to medium-sized trees. 
Leaves alternate, simple, large, leathery, coria-
ceous, with very fi ne, widely spaced teeth along 
the margins of the distal half of the lamina; peti-
oles with narrow, lateral wings. Stomata anomo-
cytic. Mucilaginous cells containing a frothy, 
red-staining contents present in both vegetative 
and reproductive organs. Young stem with corti-
cal vascular bundles. Nodes predominantly trila-
cunar (nodes from older stems infrequently 
pentalacunar) with three traces. Vessel elements 
extremely long with exclusively scalariform per-
forations in almost vertical end walls and with 
18–38 narrow and closely spaced bars; lateral 
pitting opposite. Fibers (fi ber- tracheids) extremely 
long, with numerous bordered pits. Rays hetero-

geneous. Axial parenchyma apotracheal (diffuse 
and scanty). Secondary phloem with primitive 
sieve-elements and without fi bers. Flowers 
large, solitary, axillary, bisexual, actinomorphic. 
Sepals 8–10, free, imbricate, spirally arranged, 
gradually increasing in size from outer to inner, 
persistent. Petals fi ve, free, imbricate. Stamens 
10, free, borne in a single cycle; fi laments broad 
and thick; anthers, dorsifi xed, latrorse, opening 
longitudinally. Pollen grains 3-colporate, distinctly 
brevicolpate, psilate to psilate granular, tectate. 
Disc intrastaminal, thick, annular at the base, 
10-lobed above, lobes alternating with the sta-
mens. Gynoecium of 4–7 laterally completely 
concrescent carpels that are also adnate with a 
central column; style subulate, twisted, elongate, 
terminates in lobed stigma; ovary angled, 
4–7-locular, with one large ovule in each  locule. 
Ovules anatropous, epitropous ventral (ovules 
pendulous, micropyle above, raphe ventral or 
toward bundle), bitegmic, crassinucellate, with zig-
zag micropyle. Endosperm cellular. Fruits large, 
woody, multiloculate, indehiscent, with persis-
tent sepals and style. Seeds somewhat fl attened, 
exotestal, with a straight embryo surrounded by 
oily endosperm approximately ten cells in thick-
ness; sometimes with a rudimentary aril on funi-
cle; n = 250.  . . . . . . . . .1. strasburgeriaceae.

2 Stipules extrapetiolar. Petals contorted or seldon 
imbricate. Ovules tenuinucellate, bitegmic or rarely 
(Lophiraceae) unitegmic. Vessels with simple or 
occasionally with both simple and scalariform per-
forations. Lateral pitting alternate.
3 Style gynobasic, persistent even beyond ftuitfall. 

Gynoecium is deeply lobed and the receptacle so 
enlarged that the carpels appear to be free except 
for their common style (Ochneae), or receptacle is 
not distinctly enlarged and the carpels do not 
appear distinct (Elvasieae). Fruits of separate 
1-seeded drupes (Ochneae) or coriaceous and 
deeply lobed, with one seed in each lobe (locule). 
Seeds without endosperm, with highly vascu-
larized thin-walled, exotestal seed coat. Flowers 
bisexual. Sepals fi ve (Ochneae) or 3–6 (Elvasieae), 
 persistent. Petals fi ve (Ochneae) or 3–6 (Elvasieae), 
cadu cous. Stamens (8)10 to numerous, free, in 
one or more cycles; anthers basifi xed, more or 
less latrorse, opening by longitudinal slits or 
apical pores. Pollen grains 3-colporate. Leaves 



Superorder ERICANAE 185

distichous, with short but distinct petioles. Stomata 
paracytic. Vasicentric tracheids absent. Rays het-
erogeneous. Axial parenchyma apotracheal. 
Crystarque cells commonly present. Trees or 
shrubs; n = 12, 14, 24.  . . . . . . . . . 4. ochnaceae.

3 Style apical. Carpels 2–5, with two to many 
ovules per carpel. Ovules bitegmic or unitegmic. 
Fruits  berries or capsules. Receptacle not dis-
tinctly enlarged. Weeds with or without 
endosperm. Flowers bisexual or functionally 
polygamous. Petals fi ve. Stamens fi ve or numer-
ous, free or connate at the base. Leaves not 
 distichous. Vasicentric tracheids present or 
absent. Crystarque cells usually absent Rays het-
erogeneous or homogeneous. Axial parenchyma 
paratracheal of metatrachel.
4 Ovules bitegmic (outer integument of two lay-

ers, inner one of three layers), anatropous. 
Shrubs, subshrubs or herbs. Rays heteroge-
neous. Axiall parenchyma paratracheal and 
often scanty. Mucilage cells present. 
Vasicentric tracheids absent. Leaves simple, 
conduplicate-fl at, rarely (Rhytidanthera) com-
pound; stipules persistent. Flowers bisexual, 
actinomorphic; sepals free, imbricate, usually 
persistent; petals contorted; anthers extrorse, 
basifi xed, 2-locular. Stamens fi ve, free or con-
nate at the base, surrounded by numerous sta-
minodia (Sauvagesia). Carpels 2, 3, 5, with 
1–2 (Euthemis) or many ovules per carpel. 
Fruits berries (Euthemis) or capsular. Seeds 
small, winged or not, with fi brous exotegmen, 
rarely (Indovethia) with long funiculus; 
exotesta with large cells; endosperm fl eshy. 
n = 18. . . . . . . . . . . . . . . .2. sauvagesiaceae.

4 Ovules unitegmic (with two completely fused 
integuments), numerous (10–20) but only 
one fertile, anatropous. Carpels two, with 
5–10 ovules per carpel. Fruits 1-seeded cap-
sules, with two persistent outer sepals 
enlarged and winglike. Seeds large, without 
endosperm, with testa reduced to approxi-
mately three layers of unspecialized cells, 
compressed between pericarp and large 
embryo. Stamens numerous, in 3–5 cycles. 
Axial parenchyma metatracheal. Rays homo-
geneous. Mucilage cells absent. Vasicentric 
tracheids present. Stomata anomocytic. Tall 
trees; n = 14.  . . . . . . . . . . . 3. lophiraceae.

1 Leaves opposite or verticillate. Cortical bundles 
absent.
5 Petals contorted. Small, glabrous trees up to 10 m 

with a rounded crown. Vessels with simple perfo-
rations in slightly inclined to nearly vertical end 
wall; lateral pitting from opposite to predomi-
nately alternate. Fibers with small bordered pits. 
Rays heterogeneous. Axial parenchyma diffuse 
and diffuse-in-aggregates. Secondary phloem 
stratifi ed into alternating concentric rings of sieve 
tissue and sclerenchyma. Nodes  pentalacunar with 
fi ve traces. Leaves opposite, leathery, and shiny, 
simple, often emarginate, margins crenate with 
fi ne, widely spaced teeth, pinnately veined, with a 
pair of colleters in the leaf margins and in the leaf 
axils external to the axillary bud, with scattered 
mucilaginous cells in the mesophyll; stipules 
wanting, petiole bundles arcuate. Stomata anomo-
cytic. Flowers medium-sized in lax, terminal, 
cymose infl orescences, andromonoecious (bisex-
ual and exclusively male usually within the same 
infl orescence), actinomorphic with an elongate 
receptacle foetid. Sepals fi ve, connate at the base, 
imbricate, refl exed persistent. Petals fi ve, free, 
basally thickened, spatulate, contorted (with each 
petal having one margin exterior and the other 
margin interior), at anthesis refl exed. Stamens 
very numerous, free, spirally arranged on an elon-
gated receptacle, and characterized by fi ve major 
stamen fascicle traces (stamen trunk bundles); fi l-
aments very slender, shorter than the petals. 
Anthers basifi xed, usually with a small, apical 
extension of the connective, 2-locular, the locules 
often set at different heights, opening longitudi-
nally. Pollen grains 3-porate, tectate-columellate, 
with short and rather wide columellae and the 
massive foot layer, forming about one half of total 
exine thickness; the apertures protrude and are 
formed by a tapering, conelike extension of the 
exine; ornamentation consists of very fi ne striae. 
Gynoecium of 16–19 (up to 25) carpels fused ven-
trally to a solid parenchymatous central column (a 
prolonged receptacle). Below the level of ovular 
insertion the ventral sutures are open although car-
pels are always fused to the central column. 
Stylodia rather short, forming a ring around the 
shoulders of the ovary persistent; stigmas capitate, 
disclike, with a papillate upper surface; ovary with 
two ovules in each locule on axile placentas, upper 
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one ascending or erect (micropyle below), the 
lower one descending or hanging (micropyle 
above). Ovules large, with long and curved funiculi, 
anatropous, bitegmic, with a straight micropyle, 
vascularized by a single bundle that extends 
unbranched from the funiculus to the chalaza, with 
a very thin nucellus composed of one cell layer at 
maturity. Fruit a slightly woody, septicidal pendu-
lous capsule; each carpel separates acropetally 
from the central column, with only a distal connec-
tion maintained; the carpels thus diverging from 
the top of the central column like the ribs of an 
umbrella; dehiscence of the individual carpels is 
along the entire ventral suture. Seeds two in each 
locule, small, compressed, winged all around, 
exarillate, with straight embryo and narrow layer 
of endosperm consisting of a cellular zone of very 
thin-walled cells without endosperm. The mature 
seed coat thin, consisting of four or fi ve layers of 
cells and exotegmic with fi bers. Tanniniferous. 
Dark-staining phenolic compounds throughout the 
plant body.  . . . . . . . . . . . . . 5. medusagynaceae.

5 Petals imbricate. Evergreen trees, sometimes to 
30 m tall, shrubs, or sometimes woody lianas. 
With scattered secretory cells in the parenchyma-
tous tissues of the young stem and with lysigenous 
mucilage-channels, especially within the vascu-
lar strand of the midrib and petioles of the leaves. 
Cortical bundles absent. Nodes trilacunar. 
Vessels with simple or seldom scalariform 
perforations. Fibers with evidently bordered 
pits. Rays heterogeneous. Axial parenchyma 
apotracheal diffuse or sometimes banded. Leaves 
simple or (Touroulla and Froesia) pinnately com-
pound; secondary veins numerous, tertiaries 
feather-veined; veins, especially the smaller 
ones, sheathed by very thick-walled fi bers; 
stipules interpetiolar, usually conspicuous, folia-
ceous or setose, entire or divided into several 
setose parts, persistent, pubescent. Stomata para-
cytic. Flowers in axillary or terminal panicles or 
racemes, bisexual or unisexual (plants androdi-
oecious in Quiina and Touroulia or dioecious in 
Lacunaria), actinomorphic. Sepals 4-4 small, 
unequal, imbricate. Petals 4–5(-8), imbricate. 
Stamens 9 to ca. 100 in Lacunaria, Quiina, or 
sometimes over 300 in Froesia (Zizka et 
Schneider 2004); fi laments fi liform, free or con-
nate at the base, and sometimes adnate to the 

base of the petals; anthers small, basifi xed, 
2-locular, opening longitudinally. Pollen grains 
3-colporate. Gynoecium of three free carpels 
(Froesia) or more often of 2–14 united carpels 
with 2-14-locular ovary and linear stylodia; stig-
mas obliquely peltate. Ovules paired, ascending, 
anatropous. Fruits berrylike or 1–3 follicles in 
Froesia. Seeds one to more than 20 in berrylike 
fruits of one per follicle, hairy, or glabrous in 
Froesia, without endosperm and with straight 
embryo. . . . . . . . . . . . . . . . . . . . .6. quiinaceae.

1. STRASBURGERIACEAE

Solereder 1908. 1/1. New Caledonia.
Strasburgeria.
Strasburgeria robusta is one of the most remarkable 

New-Caledonian relicts still preserving primitive char-
acters, such as very long vessel elements with 20–30 
bars, spirally arranged sepals, crassinucellate ovules, 
etc. But like many other phylogenetic relicts, it is very 
heterobathmic and has a number of specialized 
 characters, especially in pollen, gynoecium, and fruit 
morphology. It is an early side branch from the 
ochnalean ancestral stock.

2. SAUVAGESIACEAE

Dumortier 1829 (including Euthemidaceae Sole-
reder 1908, Luxemburgiaceae Solereder 1908). 
20/120. Pantropical, but mainly represented in the 
Neotropics.

2.1 LUXEMBURGIOIDEAE
Tree. Flowers yellow; sepals caducous; androecium 
obliquely zygomorphic in bud, only adaxial; fi laments 
more or less connate; pollen exine with small perfora-
tions. Gynoecium of three carpels. – Luxemburgia.

2.2 SAUVAGESIOIDEAE
Trees, shrubs, subshrubs, or herbs. Rays heteroge-
neous. Axial parenchyma paratracheal and often 
scanty. Secondary veins archingly joined near the leaf 
margin. Staminodia 10-numerous in one or more 
cycles. Stamens five, more or less adnate at the 
base to a short tube of inner staminodia. Anthers 
opening by two lateral slits. Gynoecium of 2–3 carpels. 
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Ovary 1-locular with intruding placentas and 
numerous ovules. Fruits a coriaceous capsule. Seeds 
usually numerous, small. – Godoya, Rhytidanthera, 
Krukoviella, Cespedesia, Testulea, Fleurydora, 
Philacra, Blastemanthus, Poecilandra, Wallacea, 
Schuurmansia, Schuurmansiella, Tyleria (including 
Adenanthe?), Adenanthe, Adenarake, Indosinia, Sinia, 
Sauvagesia (including Indovethia?).

2.3 EUTHEMIDOIDEAE
Shrubs. Numerous parallel secondary veins reaching 
denticulate leaf margin. Staminodia 0(-5), fi lamentous. 
Stamens free. Anthers opening by an apical pore. 
Gynoecium of fi ve carpels. Ovary 5-locular, with 1–2 
ovules per locule. Fruits berries with fi ve, usually 1-seeded 
pyrenes. Seeds one or two per locule. – Euthemis.

Sauvagesiaceae are usually included in the 
Ochnaceae, which makes the later very heterogeneous. 
They have no close affi nity with the Ochnaceae and 
differ markedly from them in many respects, including 
seed coat anatomy (Corner 1976; Takhtajan 1987).

3. LOPHIRACEAE

Loudon 1830. 1/2. Tropical Africa.
Lophira.
A specialized unigeneric family that differs mark-

edly from both the Sauvagesiaceae and Ochnaceae, but 
it is nearer to the Sauvagesiaceae.

4. OCHNACEAE

A.P. de Candolle 1811 (including Gomphiaceae A.P. 
de Candolle ex Schnizlein 1843–1870). 6/480. Pantro-
pical with only a few representatives in the subtropics 
(some species of Ochna partly cross the Tropic of 
Cancer in northern India, to ca. 30° N). The tribe 
Elvasieae is Neotropical.

ochneae: Ochna, Brackenridgea, Ouratea (including 
Idertia), Gomphia (including Rhabdophyllum?, Campylo-
spermum?), Perissocarpa; elvasieae: Elvasia.

5. MEDUSAGYNACEAE

Engler et Gilg 1924. 1/1. Seychelles Islands. Medusagyne.
Related to the Ochnaceae.

6. QUIINACEAE

Engler 1888. 4/50. Tropical America from Belize south 
to Bolivia and southern Brazil, but mainly Amazon 
baSinica.

Froesia, Quiina, Touroulia, Lacunaria.
Evidently close to the Ochnaceae (see Gottwald 

and Parameswaran 1967).
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Order 54. ERICALES

Shrubs or less often small trees, perennial herbs or 
woody lianas. Raphide mostly cells absent. Vessels 
mostly with scalariform perforations, sometimes with 
many bars (up to 50 in Clethraceae and up to 65–70 in 
Cyrillaceae), but often with both scalariform and sim-
ple perforations or only with simple perforations; 
 lateral pitting from scalariform to alternate. Fibers 
with bordered pits. Rays typically heterogeneous. 
Axial parenchyma diffuse, often scanty or wanting. 
 Sieve-element plastids of S- or (Cyrillaceae) Pcf-type. 
Nodes unilacunar, trilacunar (some Ericaceae and 
some Styphelioideae) or multilacunar (some Styphe-
lioideae). Leaves alternate, less often opposite or 
verticillate, simple, entire, estipulate, sometimes 
without chlorophyll and reduced to mere scales. 
Stomata anomocytic, paracytic, tetracytic, or of other 
types. Flowers in various (mostly racemose) infl ores-
cences or sometimes solitary (axillary or terminal), 
bisexual or rarely unisexual, usually actinomorphic. 
Sepals (3-)5(-7), free or basally connate, imbricate or 
valvate. Petals isomerous with sepals, free or more 
often connate into sympetalous corolla with usually 
imbricate or contorted, more rarely valvate lobes; 
rarely petals wanting. Stamens mostly twice as many 
as the petals or less often the same number and 
then alternate, rarely only two (Ceratiola in the 
Empetroideae) or up to 20; fi laments free or more or 
less adnate to the corolla; anthers  tetrasporangiate or 
disporangiate, usually inverted, opening longitudinally 
or much more often by apical (morphologically basal) 
pores or slits, often with two or more slender append-
ages, which are rarely borne on the upper part of the 
fi lament instead of on the anther. Tapetum secretory. 
Microsporogenesis simultaneous. Pollen grains 2-celled 
or sometimes 3-celled, very often in tetrads, mostly 
3-colporate. Nectary disc usually present, intrastaminal. 
Gynoecium of 2–10 united carpels, with usually 
simple style; ovary superior or inferior, 1–10-locular, 
with numerous or rarely several or even one ovule 
per carpel. Ovules anatropous or hemitropous, uniteg-
mic, tenuinucellate. Female gametophyte usually of 
Polygonum-type. Endothelium present. Endosperm 
usually cellular (nuclear in Rhododendron and Vacci-
nium), with terminal haustoria that are usually micro-
pylar and chalazal. Fruits septicidal or loculicidal 
capsules, berries, or drupes. Seeds mostly small or 
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minute, exotestal, with copious or scanty endosperm 
and small or minute embryo. Often producing iridoid 
compounds, alkaloids present (rarely), or absent.

Key to Families
1 Raphide cells present. Trees, shrubs, or woody 

lianas; hairs often more or less fl attened setose. Pith 
often septate. Vessel elements with spiral thicken-
ing, their ends more or less oblique, with scalari-
form perforations that have 15 and more bars or with 
mixed scalariform and simple perforations; lateral 
pitting opposite or less often scalariform or alter-
nate. Fibers mostly long, with distinctly or dared 
pits. Nodes unilacunar or seldom trilacunar. Leaves 
dentate or entire. Stomata anomocytic or sometimes 
nearly paracytic. Flowers small, in axillary or lat-
eral, basically cymose infl orescences (which some-
times reduced to one or a few  fl owers), often on old 
wood, bisexual, polygamous or dioecious, often 
subtended by small bracteoles. Sepals and petals 
mostly fi ve each, sometimes four, seldom up to 
seven, usually quincuncial in bud, free or connate at 
the base. Stamens branched, or unbranched; matur-
ing centrifugally; free of the perianth; all equal; free 
of one another, or coherent (then variously united at 
the base, often in fi ve clusters opposite the petals); 
numerous to 10, often in fi ve antepetalous fascicles, 
that may adnate to the base of the petals. Anthers 
erect or infl exed in bud, versatile, inverted, opening 
by morphologically basal but seemingly apical short 
slits or pores. Pollen grains 2-celled, in monads or 
sometimes (Saurauia elegans) in tetrads, with com-
plete tectum and reduced columellae, psilate or 
granulate. Gynoecium of 3–5 or many (up to 30 or 
more) united carpels, with free or more or less con-
nate stylodia; ovary superior, completely or incom-
pletely trilacunar to multilacunar, with numerous or 
(Clematoclethra) only 10 ovules in each locule on 
axile or nearly axile placentas. Ovules anatropous, 
hypostatic (with the distinctive thick-walled nucellar 
area in the chalaza), with conspicuous endothelium 
and a well-developed hypostase. Fruits berries, hairy 
or glabrous, with massive placentae, or sometimes 
more or less loculicidal capsules. Seeds small, aril-
late or not, with copious endosperm and well- 
developed, straight or slightly curved embryo. 
Iridoid compounds found in Actinidia; myricetin 
was detected in leaves, actinidin, a proteinase simi-
lar to papain was detected in kiwifruits (McDowall 

1970; Dressler and Bayer 2004). n = 30 (Saurauia, 
South American species – Soejarto 1969, 1970) and 
n = 20 (Asian species), 29 (Actinidia – Yan et al. 
1997).  . . . . . . . . . . . . . . . . . . . . 1. actinidiaceae.

1 Raphide cells absent.
2 Petals, when present, free or nearly so. Pollen 

grains usually in monads. Leaves alternate. 
Nodes only unilacunar.
3 Anthers deeply inverted, opening by slitlike 

pores at the apparent apex. Intrastaminal disc 
wanting, but the basal part of the ovary often 
nectariferous. Sepals imbricate, persistent. 
Petals fi ve, free, imbricate. Stamens 10(12), 
free. Anthers not appendages. Pollen grains 
single or rarely in tetrads, 3-colporate. Gynoe-
cium of three carpels. Ovary superior, 3-locular, 
ovules numerous on intrusive placentas, anatro-
pous. Fruits loculicidal capsules. Seeds numer-
ous, often winged. Seed coat present, exotestal, 
consisting of a single layer of cells; embryo 
straight, short, cylindrical; endosperm moder-
ate, fl eshy Small trees or shrubs; indumentum of 
simple and fasciculate, often stellate hairs. 
Vessels with scalariform perforation with 20–50 
bars, pits vestured. Alkaloids and iridoids not 
detected. Kestose and isokestose oligosaccha-
rides present, n = 8. . . . . . . . . 2. clethraceae.

3 Anthers not obviously inverted, opening by 
longitudinal slits or apical pores. Intrastaminal 
nectary disc present. Sepals 5(6), free or rarely 
very shortly connate, imbricate or rarely val-
vate, persistent. Petals 5(6), free or slightly 
connected below, imbricate or contorted. 
Stamens 5 or 10 in two whorls, fi laments elon-
gate, sometimes broadened, free or adnate to 
the corolla at the very base (Purdiaea). Pollen 
grains 3(-4)-colporate. Gynoecium of 2–5 car-
pels. Ovary 2-4(5)-locular; ovules 1–3 per 
locule, pendulous, apotropous. Funiculus 
long. Fruits small, indehiscent, the pericarp 
thin and dry, sometimes a samaroid nutlet. 
Seeds usually without seed coat; embryo 
straight, usually cylindrical, with small, 
slightly expanded cotyledons; endosperm 
copious, fl eshy-hard. Small glabrous trees or 
shrubs. Vessels with scalariform perforations 
with 20-50(-70) bars. Leaves short-petioled or 
sessile. Present myricetin, ellagic acid and pro-
cyanidin, n = 10.  . . . . . . . . . . 3. cyrillaceae.
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2 Petals, when present, mostly united into a sym-
petalous corolla. Pollen grains mostly in tetrads. 
Mainly shrubs, less often perennial herbs, small 
trees, or rarely trailing or scrambling lianas. 
Indumentum unicellular and multicellular, or 
none. Vessels mostly with scalariform perfora-
tion with many bars. Nodes multilacunar, trila-
cunar, or unilacunar. Leaves mostly with palmate 
or subparallel venation, rarely with pinnate vena-
tion (Prionotes and Lebetanthus), alternate or 
opposite. Stomata mostly anomocytic, but in 
Vaccinioideae mostly paracytic. Flowers mostly 
bisexual or rarely (Empetroideae) unisexual. 
Sepals (3)4–7(8), mostly fi ve, usually more or 
less connate. Petals the same number as sepals, 
more or less connate to form a short or conspicu-
ous corolla tube. Stamens mostly in two cycles, 
twice as many as petals, seldom more numerous 
(up to 20) or less often the same number as 
petals. Anthers with exothecium or rarely 
(Enkianthus) with endothecium, tetrasporangiate 
and 2-locular (rarely 4-locular) or disporangiate 
and  usually 1-locular (Styphelioideae), opening 
by pores at the apparent apex, or by elongate 
slits, sometimes by longitudinally, often with 
appendages. Pollen grains in tetrahedral tetrads 
or rarely (Enkianthus) in monads. Intrastaminal 
nectary disc present. Gynoecium of 2–10, mostly 
fi ve or, less often, four carpels. Ovary usually 
superior or inferior, usually with the same num-
ber of locules as carpels and rarely (as in 
Scyphogyne and related genera) unilocular, with 
a solitary pendulous ovule; ovules 1-several or 
more often numerous on each placenta, anatro-
pous to subcampylotropous. Fruits septicidal or 
loculicidal capsules, or berries or drupes, seldom 
a small nut. Seeds numerous, small to minute, 
sometimes winged, embryo straight, fusiform, 
rarely embryo minute, undifferentiated; 
endosperm fl eshy, with haustoria at both ends. 
Present fl avonoids, fl avones, simple phenols, 
anthocyanins, ellagic acid, and methyl salicylate; 
iridoids detected.. . . . . . . . . . . . . . 4. ericaceae.

1. ACTINIDIACEAE

Gilg et Werdermann 1925 (including Saurauiaceae 
Grisebach 1854). 3/365. Tropical and subtropical 
regions of eastern and Southeast Asia, West Malesia, 

America, and Australia (only one species of Saurauia 
in northeastern Queensland); Actinidia (55) is distrib-
uted in the Himalayas and eastern and Southeast Asia, 
Clematoclethra (1) in temperate China.

1.1 SAURAUIOIDEAE
Flowers usually bisexual, rarely functionally dioecious, 
predominantly 5-merous. Petals usually connate at the 
base. Stamens 13–50 or more, basally connate, and dis-
tinctly epipetalous to only partially so. Anthers opening 
by rimiform pores. Gynoecium of 3–5 (very rarely seven) 
carpels. Stylodia emerging from a depression at the apex, 
free or united for three fourths of their length. Ovules 
variable in number, commonly numerous in each locule. 
Fruits usually typical berries with numerous small seeds 
embedded in a mucilaginous pulp, n = 13. – Saurauia.

1.2 ACTINIDIOIDEAE
Flowers dioecious or polygamous, with 5-merous or 
4-merous perianth. Petals free to basally connate. Stamens 
numerous, free. Anthers opening by short subapical lon-
gitudinal slits or by rimiform pores. Gynoecium of 3–5 or 
15 to slightly more than 30 carpels. Stylodia free. Ovules 
numerous in each locule. Fruits berries, include about 40 
locules and 1,500 seeds, n = 29. – Actinidia.

1.3 CLEMATOCLETHROIDEAE
Flowers dioecious or polygamous, basally 5-merous. 
Stamens 10–30, free. Anthers opening longitudinally. 
Gynoecium mostly of fi ve or four carpels. Stylodia 
united into a style arising from a conspicuous depres-
sion and terminated by a slightly swollen stigmatic 
surface. Ovules about 10 per locule. Fruits capsules or 
drupaceous, n = 12. – Clematoclethra.

I agree with Dickison (1972: 53) that “the similari-
ties between the Actinidiaceae and Ericales are impres-
sive and indicate that the close affi nities of this family 
may very well lie within the ericalean complex.” 
Although in many respects, particularly in embryology 
(Crété 1944), Actinidiaceae are closely related to other 
families of Ericales (especially Clethraceae), they differ 
in the presence of the raphides, stamen fascicle traces, 
hypostatic ovules, the absence of terminal haustoria, 
and some other less important features.

2. CLETHRACEAE

Klotzsch 1851. 1/85. Eastern and Southeast Asia, 
Malesia, southeastern United States, central and tropical 
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South America, with one endemic species on the island 
of Madeira.

Clethra.
Clethraceae are related to the Actinidiaceae, which is 

confi rmed also by embryological data (Veilllet-  Bar-
toszewska 1960). They reveal also defi nite closeness to 
the Theaceae, especially in the anatomy of the seed coat 
and in fl ower morphology, including the presence of 
nectariferous tissues in the basal part of the ovary of 
some species of Clethra, which resemble Eurya japon-
ica (Brown 1938). Thus, specialized nectariferous tis-
sues have already developed in Clethra, which gave rise 
to the intrastaminal nectary disc of other Ericales 
(Takhtajan 1966). Although Clethraceae have many fea-
tures in common with the Theales, especially with the 
genus Eurya in the Theaceae, they are closer to the 
Ericales, which is confi rmed not only by the fl ower mor-
phology but also by their unitegmic ovules, presence of 
endothelium and endospermal haustoria (Poddubnaja-
Arnoldi 1982), anatomy of the seed coat (Corner 1976) 
and wood characters (Giebel and Dickison 1976).

3. CYRILLACEAE

Endlicher 1841. 3/14. Central America, northern parts 
of South America, West Indies, coastal plains of south-
eastern United States.

Cyrilla, Cliftonia, Purdiaea.
Jussieu (1789) placed Cyrilla (the only known cyril-

 laceous genus at that time) in his Ericeae, which has 
been followed by some other botanists including 
Agardh (1858). According to Hallier (1912), Cyrrilla-
ceae originated from the Ericaceae and are so close to 
them that they could even be considered a tribe of the 
Ericaceae. This idea of the closeness of the Cyrillaceae 
to the Ericaceae has been accepted by an increasing 
number of botanists (including Wettstein [1935] and 
Copeland [1953]) and by some later authors. Dahlgren 
(1975, 1989), Thorne (1976, 1992a, b, 2000, 2006), 
and Cronquist (1981, 1988) place the Cyrillaceae close 
to the Clethraceae. These two families have many 
similarities in gross morphology and in embryology, 
palynology, and chemistry (including the absence of 
iridoid compounds). Cyrilla and Clethra are also very 
similar in aspect (Cronquist 1981). Anderberg (1993) 
notes that the genus Purdiaea includes one taxon that 
has formerly been placed in the Clethraceae, thus 
refl ecting the symplesiomorphic similarity of the two 
families.

4. ERICACEAE

A.L. de Jussieu 1789 (including Andromedaceae 
A.P. de Candolle ex Schnizlein 1843–1870, Arbutaceae 
Bromhead 1840, Arctostaphylaceae J.G. Agardh 
1858, Azaleaceae Vest 1818, Empetraceae Berchtold 
et J. Presl 1820, Epacridaceae R. Brown 1810, 
Hypopityaceae Klotzsch 1851, Ledaceae Gmelin 
1803, Menzieziaceae Klotzsch 1851, Monotropaceae 
Nuttall 1818, Oxycoccaceae A. Kerner 1891, Priono-
taceae Hutchinson 1969, Pyrolaceae Lindley 1829, 
Rhododendraceae A.L. de Jussieu 1789, Rhodoraceae 
Ventenat 1799, Salaxidaceae J.G. Agardh 1858, 
Styphe-liaceae Horaninow 1834, Vacciniaceae 
A.P. de Candolle ex Perleb 1818). 128/c.4000. Widely 
distributed in almost all parts of the world with large 
concentrations in the Himalayas and southwestern 
China, New Guinea and southern Africa; absent from 
most of Australia.

4.1 ENKIANTHOIDEAE
Usually deciduous or sometimes evergreen shrub. Pith 
heterogeneous (pith with small, thick-walled and ligni-
fi ed and larger and thin walled cells mixed). Leaves 
fl at and fairly large, serrulate or entire. Flowers in 
raceme- or umbel-like infl orescences. Corolla urceo-
late to companulate. Stamens with papillose to hairy 
fi laments, anthers with paired awns (fi brous endothe-
cium), which gradually narrow from the thecae. Pollen 
grains trinucleate, in monads, without viscin threads. 
Ovary superior, 5-locular. Fruits loculicidal capsules, 
opening with fi ve valves. Seeds rather large, often 
winged on the margins. n = 11. – Enkianthus.

4.2 MONOTROPOIDEAE
Strongly mycotrophic and more or less fleshy 
perennial herbs devoid of chlorophyll. Multicellular 
hairs present. Leaves reduced to scales. Corolla 
persistent, rarely absent. Anthers sometimes spurred at 
the morphological base, without viscin threads, open-
ing by longitudinal slits or sometimes by terminal 
pores or by slits across the broad locular summits. 
Pollen grains in monads. Ovary 1–6-locular. Fruits 
loculicidal or  septicidal  capsules, or baccate and inde-
hiscent; embryo minute, undifferentiated, n = 8, 13, 
19, 23, etc. – pterosporeae: Pterospora, Sarcodes, 
Allotropa; pleuricosporeae: Pleuricospora; mono-
tropeae: Cheilotheca, Monotro psis, Monotropa, 
Monotro pastrum; hemitomeae: Hemitomes, Pityopus, 
Hypopitys.
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4.3 PYROLOIDEAE
Strongly mycotrophic perennial herbs from creeping 
rhizomes. Multicellular hairs absent. Leaves usually 
green, serrate. Corolla persistent. Petals free. Stamens 
without appendages and without viscin threads. 
Anthers opening by terminal pores. Pollen grains usu-
ally in tetrads. Ovary superior, imperfectly 5–4-locular. 
Fruits loculicidal capsules; embryo small, hardly dif-
ferentiated. – Pyrola, Moneses, Chimaphila, Orthilia.

4.4 ARBUTOIDEAE
Evergreen trees or shrubs. Leaves coriaceous, entire or 
serrate, scattered or rarely whorled. Flowers 4(5)-mer-
ous. Corolla urceolate. Anthers almost smooth with 
paired granular spurs near the top where the  fi lament 
and anther join, dehiscence by terminal pores or short 
slits. Ovary 4–10-locular. Fruit usually baccate or 
drupaceous; testa cells rather thick-walled. Ellagic 
acid present, n = 13. – Arbutus, Comarostaphylos, 
Ornitho staphylos, Arctostaphylos (including Xylococcus), 
Arctous.

4.5 CASSIOPOIDEAE
Low shrubs, stems lacking pericyclic sheath of fi bers; 
pith with large thin walled cells surrounded by smaller 
thick-walled and lignifi ed cells (Caluna-type). Leaves 
decussate, ericoid, auriculate, revolute in bud. 
Indumentum of fasciculate branched and small glan-
dular hairs. Infl orescence axillary. Flowers solitary, 
with 4–6 basal bracteoles. Corolla sympetalous. 
Anthers dehiscing by a pair of dorso-apical spurse. 
Pollen grains in tetrads, without viscin threads. Ovary 
4–5-locular, superior. Fruit a loculicidal capsule. – 
Cassiope (including Harrimanella).

4.6 EPIGAEOIDEAE
Procumbent shrublets. Leaves rather large, entire. 
Indumentum of long-stalked glandular and long-celled, 
or unicellular hairs Winter buds without scales. 
Infl orescence terminal, shortly racemose or spicate. 
Calyx lobes large; corolla hypocrateriform to infundib-
ular. Stamens 10, without appendages, having viscin 
threads among the pollen tetrads, opening longitudi-
nally. Ovary superior, 5-locular, densely pubescent; 
placentae deeply divided; stigma much expanded, 
sometimes with radiate arms. Fruits septicidal capsules 
with fl eshy placentae. Seeds ovoid, cells of testa thick-
walled. – Epigaea.

4.7 ERICOIDEAE
Shrubs. Leaves usually verticillate, rarely decussate. 
No winter buds or scales. Corolla usually persistent or 
caducous. Stamens usually with appendages repre-
sented by fl attened spurs; anthers opening by very large 
pores or slits; no viscin threads among pollen tetrads. 
Ovary superior, (1-)2–14-locular. Fruits usually loculi-
cidal capsules, rarely septicidal or indehiscent. Seeds 
winged or not. – ericeae: Erica (including Ericinella, 
Blaeria), Bruckenthalia; calluneae: Calluna.

4.8 RHODODENDROIDEAE
Small to large evergreen or deciduous shrubs. Leaves 
convolute or revolute in bud. Corolla gamo- or 
 choripetalous, 4–9-lobed. Anthers dehiscing by means 
of collapse tissue only, forming pores or short slits; vis-
cin threads usually present. Ovary 4–14-locular. Fruit a 
many-seeded septicidal capsule. Seeds variably shaped 
and winged, cells of the testa nearly always much elon-
gated. – bejarieae: Bejaria, Ledothamnus, Bryanthus; 
rhododendreae: Therorhodion, Rhodo dendron 
(including Ledum?), Tsusiophyllum, Menziesia; cla-
dothamneae: Elliottia (including Tripetaleia and 
Cladothamnus); phyllodoceae: Kalmia (including 
Leiophyllum, Loiseleuria), Phyllodoce, Kalmiopsis, 
Rhodothamnus; daboecieae: Daboecia; diplarcheae: 
Diplarche (2, eastern Himalayas).

4.9 EMPETROIDEAE
Flowers typically dioecious, seldom monoecious or 
polygamous. Sepals 1–3, free. Petals 1–3, free. Stamens 
two or three, rarely four, free. Anthers opening longi-
tudinally, without appendages. Intrastaminal nectary 
disc absent. Gynoecium of 2–9 (Empetrum) or two 
carpels (Ceratiola and Corema). Ovary superior, 2–9-
locular, with solitary ovule in each locule. Fruits fl eshy 
or dry drupes containing two or more 1-seeded pyrenes. 
Small shrubs. Nodes unilacunar. Vessels perforation 
simple, scalariform, or with vestigial bars. Alkaloids 
and iridoids not detected. n = 13. – Empetrum, Corema, 
Ceratiola.

4.10 STYPHELIOIDEAE (EPACRIDOIDEAE)
Shrubs or small trees. Nodes multilacunar, trilacunar, 
or unilacunar. Leaves mostly with palmate or 
 subparallel venation, rarely with pinnate venation, 
alternate. Flowers mostly in racemes, usually bisexual, 
 actinomorphic, with two bracteoles. Sepals 5-4, free, 
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imbricate, persistent. Petals 5-4, connate, attached to 
the nectary disc; corolla tubular, with imbricate or val-
vate lobes. Stamens mostly of the same number as 
corolla-lobes, often attached to the corolla tube; anthers 
disporangiate and usually 1-locular or seldom 
(Prionotes and Lebetanthus) 2-locular and opening 
longitudinally. Pollen grains in tetrads, but 1–3 grains 
aborting in many Styphelieae so that the mature pollen 
sometimes appear solitary. Gynoecium of fi ve or less 
often four carpels, with simple style and capitate 
stigma; ovary superior, often surrounded at the base 
by the nectary disc, 1–10-lacunar, with intrusive 
placentas, with several or many ovules per carpel. 
Fruits loculicidal capsules or (Styphelieae) drupes with 
1–5 pyrenes. Seeds with thin testa (one layer of cells) 
and cylindrical embryo surrounded by copious, 
fl eshy endosperm. Alkaloids present (rarely), or absent. 
Iridoids detected, n = 4–14. – prionoteae: Prionotes, 
Lebetanthus; archerieae: Archeria; oligarrheneae: 
Oligarrhena, Needhamiella; cosmelieae: Cosmelia, 
Sprengelia, Andersonia; richeeae: Richea, 
Dracophyllum, Sphenotoma; epacrudeae: Lysinema, 
Woollsia, Epacris, Rupicola, Budawangia; styph-
elieae: Styphelia, Androstoma, Planocarpa, Cyathopsis, 
Cyathodes, Leptecophylla, Astroloma, Leucopogon, 
Trochocarpa, Decatoca, Lissanthe, Monotoca, 
Acrotriche, Brachyloma, Melichrus, Conostephium, 
Croninia, Coleanthera, Choristemon, Pentachondra.

4.11 VACCINIOIDEAE
Woody plants of variable habits. Leaves usually more 
or less broad and fl at; stomata often paracytic. Winter 
buds sometimes with scales. Infl orescences usually 
axillary. Corolla caducous, usually urceolate or tubu-
lar. Anthers with spurs, two or four awns, or append-
ages absent, often dehiscing via terminal tubules; viscin 
tetrads absent. Stigma truncate. Ovary superior to infe-
rior, 3–10-locular. Fruits berries, drupes, or loculicidal 
capsules. Seeds wingless. “Some taxa (Vaccinieae) in 
both the Old and New Worlds have seeds with a 
mucilaginous testa and a green embryo; plants with 
such seeds are generally epiphytic or epilithic” (P.F. 
Stevens Angiosperm Phylogeny Website 2006). 
n = 12. –  oxydendreae: Oxydendrum; lyonieae: 
Lyonia, Pieris, Craibiodendron, Agarista (incl. Agauria), 
Arcterica; andromedeae: Andromeda, Zenobia; 
 vaccinieae: Gaylussacia, Vaccinium (including 
Oxycoccus), Symphysia, Thibaudia, Satyria, Agapetes 

(including Pentapterigium), Didonica, Lateropora, 
Notopora, Utleya, Gonocalyx, Dimorphanthera, 
Paphia, Cavendishia, Orthaea, Macleania, Psammisia, 
Mycerinus, Polyclita, Anthopteropsis, Ceratostema, 
Semiramisia, Oreanthes, Siphonandra, Pellegrinia, 
Disterigma, Sphyrospermum, Diogenesia, Rusbya, 
Themistoclesia, Plutarchia, Demosthenesia, Antho-
pterus, Costera; gaultherieae: Diplycosia, Chamae-
daphne, Leucothoe (including Eubotryoides), Eubotrys, 
Tepuia, Gaultheria, Pernettyopsis.

Ericaceae are closely related to the Clethraceae 
and differ from them mainly in the presence of two 
bracteoles, more or less connate petals, the presence of 
the intrastaminal nectary disc and especially in the 
presence of iridoid compounds.

I agree with Henderson (1919), Copeland (1941, 
1947), Veillet-Bartoszewska (1960), Stevens (1971), 
Anderberg (1992a, b), Judd and Kron (1993), and Kron 
and Chase (1993) that Pyroloideae and Monotropoideae 
are not separable from the rest of the Ericaceae.
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Order 55. DIAPENSIALES

Evergreen shrublets or stemless perennial herbs with 
ecto- and endotrophic mycorrhizae. Glandular hairs 
absent. Vessels commonly with simple, rarely also with 
scalariform perforations. Fibers with bordered pits. 
Nodes trilacunar with three traces, or (Pyxidanthera) 
unilacunar with one trace. Leaves alternate, simple, 
entire or toothed, often basal, estipulate. Stomata mostly 
anomocytic, rarely anisocytic. Flowers axillary, solitary 
or in compact racemes, bisexual, actinomorphic. Sepals 
fi ve, imbricate, free or connate into a 5-lobed tube, per-
sistent. Petals fi ve, connate into a sympetalous corolla 
(almost free in Galax), imbricate or contorted, cadu-
cous. Stamens fi ve, attached to the corolla tube and 
alternate with its lobes, free or basally connate into a 
ring, sometimes with as many alternating staminodia 
(staminodia absent in Diapensia and Pyxidanthera); 
anthers  tetrasporangiate or (Galax) disporangiate, open-
ing  longitudinally or (Pyxidanthera) by transverse slits. 
Tapetum secretory. Pollen grains in monads, 3-celled, 
3-colporate, tectate-columellate. Nectary disc repre-
sented by a weakly developed ring at the base of the 
ovary or wanting. Gynoecium of three carpels, with a 
simple style terminated by 3-lobed stigma; ovary supe-
rior, 3-locular, with several or numerous ovules on more 
or less intrusive placentas. Ovules anatropous to 
hemitropous and campylotropous, unitegmic or also 
bitegmic (?), tenuinucellate. Female gametophyte of 
Polygonum-type. Endosperm cellular, without hausto-
ria. Fruits loculicidal capsules. Seeds small, with thin, 
exotestal seed coat, copious, fl eshy endosperm, and 
rather large, straight or slightly curved embryo. Plants 
Al-accumulators, ellagic acid present. n = 6.

Diapensiales are closely related to the Ericales, dif-
fering in the absence of endothelium and endospermal 
haustoria and the presence of fi brous layer (endo-
thecium) in the anther wall (Samuelson 1913). It seems 
probable that they evolved from some ericalean stock.

1. DIAPENSIACEAE

Lindley 1836. 5/20 (including Galacaceae D. Don 
1828). Temperate and cold regions of the Northern 
Hemisphere; Diapensia (4) is circumpolar, extending 
through North America, Greenland, and northern 
Eurasia as far south as the Himalayas; Berneuxia (1) 
occurs in eastern Tibet, southwestern China, and Upper 
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Burma; Shortia (6) occur in southwestern China, 
Taiwan, Japan, and southeastern United States, and 
Pyxidanthera (1) and Galax (1) are endemic to eastern 
United States.

Diapensia, Pyxidanthera, Berneuxia, Shortia 
(including Schizocodon), Galax.
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Order 56. FOUQUIERIALES

Xeromorphic, spiny, small trees or shrubs with little 
branched or unbranched stems and differentiated long 
and short shoots. A layer of chlorenchymatous tissue 
occurs in the outermost parenchymatous cortex. 
Vessels with simple perforations. Fibers with bordered 
pits. Rays mostly heterogeneous to homogeneous. 
Axial parenchyma diffuse. Sieve-element plastids of 

S-type. Nodes unilacunar with one trace. Leaves alter-
nate, small, simple, entire, estipulate, quickly decidu-
ous when the soil dries. Leaves of the long shoots each 
surmounting a decurrent ridge of the stem and persist-
ing as spines formed usually from the full length of the 
petiole and may continue below the midrib of the leaf 
blade; short shoots are axillary to the spines and pro-
duce fascicles of leaves that do not form spines. 
Stomata anomocytic. Flowers in various kinds of infl o-
rescences, very rarely solitary or paired, bisexual, acti-
nomorphic, or slightly zygomorphic, 5-merous. Sepals 
free, strongly imbricate, unequal, persistent. Petals 
connate into a tube, lobes imbricate. Stamens in one 
cycle, free or slightly connate, mostly 10, but in some 
species very variable in number; fi laments often hairy 
at the base; anthers tetrasporangiate, dorsifi xed, apicu-
late, opening longitudinally. Tapetum secretory. 
Microsporogenesis simultaneous. Pollen grains 
2-celled, 3-colporate, pitted or reticulate, semitectate. 
Gynoecium of three united carpels, with a style 
branched near or above the middle; stigma apical; 
ovary superior, 1-locular, with three parietal septiform 
placentas that extend in the upper four fi fths to the cen-
ter of the ovary, and in the lower portion the deeply 
intruded parietal placentas become completely united 
into a central axile placenta (Henrickson 1972). Ovules 
(6)14–18(-20), ascending, anatropous, bitegmic, tenu-
inucellate, with an endothelium and integumentary 
tapetum; micropyle endostomal. Female gametophyte 
of Polygonum-type. Endosperm cellular, with a chala-
zal haustorium. Fruits loculicidal capsules containing 
a large parenchymatous central column (united mar-
gins of intruded placentas). Seeds small, fl attened, 
with a conspicuous membranous wings; seed coat 
becoming crushed, testa and tegmen multiplicative; 
embryo small, straight and thin layer of oily endosperm, 
or endosperm wanting. Producing triterpenes, triterpe-
noid, and steroidal saponins, iridoid compounds, 
ellagic acid, and sometimes proanthocyanins; fl owers 
sometimes containing anthocyanin 3-galactosides, 
which are also common in the Ericales. n = 12.

Van Tieghem (1899), who studied stem and fl oral 
morphology of the Fouquieriaceae, concluded that the 
affi nity of this family is with the Ebenales, and Bessey 
(1897, 1915) included them in the order Ebenales close 
to the Styracaceae. However, from the Styracales the 
family Fouquieriaceae differs in the presence of iridoid 
compounds, anatomy of the seed coat, and a number of 
other features. Fouquiericeae are much closer to the 
Ericales, which stand not very far from the Styracales. 
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Dumortier (1829) was the fi rst who placed the 
Fouquieriaceae close to the “Rhodoraceae” and the 
Ericaceae. With the Ericales the Fouquieriales share 
such important characters as the presence of iridoid 
compounds, anthers with the prolonged connective, 
sympetalous corolla, cellular endosperm, and the pres-
ence of the endospermal haustoria. They differ from 
the Ericales in wood anatomy, bitegmic ovules, and 
scanty endosperm and therefore deserve the status of 
an order (Dahlgren 1975, 1983, 1989; Takhtajan 
1987, 1997).

1. FOUQUIERIACEAE

A.P. de Candolle 1828. 2/11. Arid parts of Mexico and 
southwestern United States.

Fouquieria (including Idria?).
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Order 57. POLEMONIALES

Annual or perennial herbs, sometimes vines or woody 
shrubs, rarely small trees. Plants variously pubescent 
to (rarely) nearly glabrous. Sieve-element plastids 
of S-type. Vessels with simple perforation. Rays 
heterogeneous to homogeneous. Axial parenchyma 
apotracheal or less often scanty paratracheal. Nodes 
unilacunar. Leaves alternate to opposite, entire to 
deeply divided, sometimes compound, petiolate or ses-
sile, estipulate or rarely (Cobaea) stipulate. Stomata 
anomocytic or less often paracytic. Flowers usually in 
cymose infl orescences, sometimes condensed in invo-
lucrate heads, rarely solitary and axillary, bisexual, 
actinomorphic to zygomorphic. Sepals (4)5(6), 
more or less connate (in Cobaea only connate at the 
base), rarely free, lobes imbricate or valvate, persistent. 
Corolla sympetalous, rotate to salverform, contorted, 
occasionally somewhat bilabiate. Stamens (3-)5(6), 
attached to the corolla tube, sometimes at differing 
levels, alternate with the petals; anthers basifi xed to 
dorsifi xed, dithecal, tetrasporangiate, opening longitu-
dinally. Pollen grains 2-celled, 4 to many colporate or 
porate, often periporate. Annular intrastaminal nectary 
disk usually present. Gynoecium of three or sometimes 
two or four united carpels; style fi liform, terminal, 
usually with as many stigma lobes as carpels; ovary 
superior, (2)3(4)-locular, with 1–many ovules per locule 
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in two rows. Ovules anatropous to hemitropous, tenu-
inucellate unitegmic, with thick integument. Female 
gametophyte of Polygonum-type. Endosperm nuclear, 
but the tissue later becomes cellular (Johri et al. 1992). 
Fruits loculicidal or rarely (Cobaea, Acanthogilia) 
septicidal capsules, sometimes explosively dehiscent 
(Collomia, Phlox), rarely indehiscent. Seeds small, 
sometimes winged, exotestal, epidermal cells with 
spiral thickenings and included mucilage, the cells 
bursting when wetted and forming a mucilaginous 
coat; embryo more or less straight, usually spatulate, 
green or white; endosperm copious and oily, or (in 
tropical genera) endosperm scanty or wanting. 
Present fl avonoids ( patuletin, eupalitin, eupatoletin), 
C-glycosyfl avones, pelargonidin glycosides, and 
cucurbitacins, kestose and isokestose oligosaccha-
rides, cucurbitacins; n = 6–9, 15, 26.

Close to the Fouquieriales (Nash 1903; Soltis et al. 
2006; Thorne 2006).

1. POLEMONIACEAE

L. de Jussieu 1789 (including Cobaeaceae D. Don 
1824). 20/320. Mainly North America, but also 
Mexico, Chile, Peru, Europe, and extratropical Asia.

1.1 ACANTHOGILIOIDEAE
Shrubs. Leaves dimorphic, the primary alternate, spines-
cent and pinnate, the axillary – simple, in fascicles. Corolla 
salverform. Pollen grains zonocolporate. Fruits septicidal 
capsules. Seed fl at, winged, n = 9. – Acanthogilia.

1.2 COBAEOIDEAE
Climbing shrubs, the tendrils much branched with 
terminal hooks. Leaves alternate, pinnately com-
pound, lateral leafl ets 4–8, terminal leafl ets a branched 
tendril, and the basal pair of leafl ets is foliaceous-
stipuliform. Flowers axillary, large, solitary, pendulous, 
actinomorphic. Disc large, fl eshy, deeply lobed. Ovules 
pseudocrassinucellate. Fruits coriaceous capsules, 
septicidally 3-valved to the base. Seeds compressed, 
broadly winged, embryo large, white, n = 26 (Cobea 
scandens). – Cobea.

1.3 POLEMONIOIDEAE
Annual or perennial herbs, subshrubs, sometimes 
shrubs. Leaves opposite or alternate, simple to vari-
ously divided. Corolla campanulate, rotate to salver-

form, radially or occasionally bilaterally symmetric. 
Pollen grains pantoporate. Fruits loculicidal capsules. 
Seeds usually not winged, rarely winged, n = 7–10, 
12, 14, 16–18, 25, 36 (Gilia). – cantueae: Cantua, 
Huthia; bonplandieae: Bonplandia; loeselieae: 
Loe se lia; polemonieae: Polemo nium, Allophyllum, 
Navarretia, Collomia, phlocideae: Gymnosteris, 
Phlox, Microsteris; gilieae: Gilia, Ipomopsis, 
Eriastrum, Langloisia (including Loeseliastrum), 
Giliastrum, Aliciella, Linanthus (including Lepto-
dactylon, Linanthastrum).
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Order 58. LECYTHIDALES

Small to large trees or shrubs; wood siliceous and/or 
with SiO

2
 grains. Cortical vascular bundles occur in the 

stem, with internal xylem (normally oriented) or external 
(inverted). Secondary xylem and primary cortex often 
with crystalliferous strands. Vessels typically with sim-
ple perforations, but scalariform or reticulate perforation 
plates appear in some genera including Asteranthos and 
Grias. Lateral pitting usually alternate, except in 
Asteranthos, Grias, and Gustavia, in which it is alternate 
to opposite. Fibers typically with simple pits, but bor-
dered pits in a few genera. Rays from distinctly heteroge-
neous to homogeneous (entirely heterogeneous in some 
genera, including Asteranthos, Grias, Gustavia, Foetidia, 
Planchonia, and others). Axial parenchyma typically 
abundant and in apotracheal bands with some paratra-
cheal. Secondary phloem generally stratifi ed into fi brous 
and soft portions. Nodes tri-, penta- or multilacunar. 

Leaves alternate, simple, entire or dentate, pinnately 
veined, often crowded at the ends of twigs, estipulate or 
(Scytopetalaceae and Gustavia – Lecythidoideae) with 
minute, caducous stipules; the structure of petiole is 
mostly somewhat complex, typically containing numer-
ous vascular bundles, but with reduced number in 
Napoleonaeaeae (one major bundle and two minor adax-
ial bundles). Stomata usually anisocytic. Flowers mostly 
rather large and showy, solitary in the axils of leaves or 
leafl ike bracts, or more often in racemose or paniculate 
infl orescences, sometimes cauliferous, bisexual, actino-
morphic or the corolla and particularly androecium 
zygomorphic, subtended by a bract and bearing two 
bracteoles, typically ephemeral, pollinated by insects 
and bats. Perianth forms a tube more or less adnate to the 
ovary. Sepals (2)4–6(-12), imbricate or valvate, free or 
more or less connate, sometimes fully connate and calyp-
trate. Petals (3)4-6 or more or absent. Stamens com-
monly numerous (up to about 1,200), in several cycles, 
developing centripetally or more often centrifugally; fi la-
ments mostly connate into a ring that is either actinomor-
phic or more or less expanded on one side into an 
incurving fl at ligule sometimes curved over the gynoe-
cium as a hood; anthers latrorse, introrse or rarely pori-
cidal, tetrasporangiate or sometimes (as in Napoleonaea) 
disporangiate, opening longitudinally or sometimes (as 
Gustavia) by apical pores. Tapetum secretory. 
Microsporogenesis simultaneous. Pollen grains 3-celled, 
3-colpate or 3-colporate, tectate- columellate, with vari-
ous types of ornamentation. Intrastaminal disc present or 
absent. Gynoecium usually of 2–6(-8) united carpels, 
mostly with a simple style with capitate or lobed stigma; 
ovary inferior, semi-inferior or (most of Scytopetalaceae) 
superior, with as many locules as carpels and with 
1-many ovules per locule. Ovules anatropous to campy-
lotropous, bitegmic, tenuinucellate, with or without 
endothelium, often with conspicuous funicle; micropyle 
endostomal. Female gametophyte of Polygonum-type. 
Endosperm nuclear. Fruits fi brous berries, dry drupes, or 
capsules, often very large, with one to many seeds. Seeds 
small to very large, hairy, often with funicular aril; seed 
coat formed primarily by the outer integument (exotestal-
mesotestal); exotestal cells variously thickened, palisade, 
or low with sinuous anticlinal walls, mesotesta sclerotic 
or not; endosperm almost or completely absent (well-
developed only in Scytopetalaceae); embryo large, 
straight or curved, oily or proteinaceous. Generally con-
taining  riterpenoid saponins and usually also producing 
proanthocyanins and ellagic acid, n = 11, 13, 16–18, 21.
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The Lecythidales have been associated with the 
Myrtales (Prance and Mori 1979). But many important 
characters, including the secondary xylem (especially 
by the absence of vestured pits) and lack of internal 
phloem, and tenuinucellate (but bitegmic) ovules often 
with an endothelium, they differ markedly from the 
Myrtales. Therefore, Cronquist (1957, 1980, 1988) 
and Dahlgren (1980, 1983) removed the family from 
its traditional place, and Cronquist placed Lecythidaceae 
s.l. in a separate order Lecythidales (1957) and sug-
gested placing it somewhere between Malvales and 
Theales. Thorne (1968) suggested a thealean relation-
ships, and Dahlgren (1980, 1983) included this family 
in Theales. In my opinion the order Lecythidales are 
related to the theoid order Ochnales and could have a 
common origin with it from some remote thealean 
ancestor.

Key to Families
1 Seeds with endosperm. Evergreen trees or shrubs. 

Leaves mostly estipulate, papery to coriaceous. 
Flowers in panicles, thyrsoids, botryoids or racemes 
on younger branches, often ramifl orous or caulifl o-
rous, rarely reduced to single fl owers (Asteranthos). 
Sepals united; calyx copular, thick, leathery, persis-
tent on ripe fruits, occasionally accrescent. Petals 
lacking. Staminodia 6–16, or 24–28 (Asteranthos); 
apex of staminodia curved inwards or not curved 
inwards (Rhaptopetalum, Pierrina, Brazzeia). 
Stamens 60–240; fi laments adnate to pseudocorolla; 
anthers basifi xed, tetrasporangiate, dehiscing by lon-
gitudinal slits or apical and pore-like. Pollen grains 
3-colpate or 3-colporoidate (Rhaptopetaloideae). 
Carpels 3–8. Ovary superior or semi-inferior. Ovules 
2–4-many in each locule, pendulous. Fruits mono-
spermous or polyspermous. Seeds glabrous or 
embedded in a shiny white haircoat, arising from epi-
dermis cells along the raphe (Rhaptopetalum, 
Pierrina, Brazzeia). Endosperm horny, mostly mark-
edly ruminate (Kravtsova 1991); embryo well differ-
entiated; cotyledons large, fl at, cordate, rarely 
reduced (Asteranthos).  . . . . . .1. scytopetalaceae.

1 Seeds without endosperm.
2 Petals free, 3-6(-18); stamens numerous, usually 

connate at base and often forming a strip-like 
structure; nectary disc absent; seeds arillate or 
not; embryos undifferentiated or with fl eshy coty-
ledons. Small to large trees, rarely shrubs. Stipules 
absent or minute and caduceus. Infl orescences ter-

minal, axillary or cauline, simple racemes, or spi-
cate branches or fascicles. Sepals 2–6 or rarely 
unlobed. Petals imbricate, free; anthers bilocular, 
latrorse, introrse or rarely poricidal. Ovary inferior 
or semi-inferior, 2–4- or 6-locular; ovules 1–115 
in each locule. Fruits indehiscent, then dry, fl eshy 
or woody or dehiscent. Seeds exotestal-mesot-
estal, winged or without wings; endosperm lack-
ing or very scanty. Some species accumulate 
selenium.  . . . . . . . . . . . . . . . .2. lecythidaceae.

2 Pseudocorolla of 30–35 fused staminodes. 
Nectary disc well developed, annular, decagonal, 
supported by a very complex vascular system. 
Trees, shrubs or subshrubs. Leaves estipulate. 
Flowers usually solitary and axillary, occasion-
ally in paniculate, axillary infl orescences, actino-
morphic, usually with 4–5 bracts below the 
fl owers. Calyx lobes 3 or 5–6, imbricate or val-
vate, each with two large glands. Petals absent. 
Stamens numerous; there are two outer cycles of 
staminodia, and an inner cycle of 20 fertile sta-
mens, which are aligned into fi ve groups of four 
stamens in each group, the outer two have very 
large, disporangiate, extrorse or latrorse anthers; 
fi lament ribbonlike, incurved. Pollen grains 
3-colporoidate or 3-colporate. Ovary semi-infe-
rior or inferior. Style short, with fl at, pentagonal 
or hexagonal stigma; the entire structure is table-
like. Ovules mainly campylotropous. Fruits bac-
cate; seeds exarillate; embryos well-differentiated; 
cotyledons plano-convex with short radicle and 
large plumules, n = 16.  . . 3 napoleonaeaceae.

1. SCYTOPETALACEAE

Engler 1897 (including Asteranthaceae Knuth 1939, 
Rhaptopetalaceae van Thiegem 1908). 6/28. Tropical 
West Africa and South America.

1.1 ASTERANTHOIDEAE
Flowers solitary in leaf axils. Calyx accrescent. The 
margin of corolla-like structure is ciliate and curved 
inward in bud and unfolds like an umbrella at anthesis. 
Staminodes 24–28. Stamens 200–300. Ovary semi- 
inferior. Carpels 5–8. Ovules four in each locule. 
Fruits monospermous. Seeds glabrous. Cotyledons 
small and strongly reduced. Pollen grains 3-colpate, 
n = 21. – Asteranthos.
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1.2 SCYTOPETALOIDEAE
Flowers in few to many-fl owered infl orescences in leaf 
axils of youngest branches. Staminodes 6-12(-16). 
Stamens 100–240. Carpels 3–5 or (6)7-8. Ovary supe-
rior. Ovules 2–4 in each locule. Fruits capsules or 
drupaceous. – Scytopetalum, Oubanguias.

1.3 RHAPTOPETALOIDEAE
Infl orescences ramifl orous or caulifl orous. Staminodes 
completely united into a thick, leathery pseudocorolla. 
Stamens 60–100. Anthers dehiscent by short, pore-like 
longitudinal slits. Ovules many in each locule. 
Fruits many-seeded. Pollen grains 3-colporoidate. – 
Rhaptopetalum, Pierrina, Brazzeia.

Related to the Lecythidaceae.

2. LECYTHIDACEAE

A. Richard 1825 (including Barringtoniaceae F. 
Rudolphi 1830, Foetidiaceae Airy Shaw 1965, 
Gustaviaceae Burnett 1835). 17/210. Tropical, espe-
cially America and West Africa.

2.1 PLANCHONIOIDEAE
Flowers in racemose or paniculate infl orescences, acti-
nomorphic. Sepals (3)4(5), free or connate, imbricate 
(rarely closed). Petals (3)4(5), free, imbricate. Nectary 
disc usually well developed, annular. Stamens numer-
ous, in several cycles, fi laments linear, very long, free or 
mostly connate at the base, with a basal staminal ring; 
anthers basifi xed, latrorse or less often introrse. Pollen 
grains syntricolporate, with thick ectexine and the spe-
cialized ectexinous ridge along the colpus margin (mar-
ginal ridge). Style fi liform, often very long, with small 
stigma; ovary inferior or rarely semi-inferior, 2–4- -
locular, with two to many anatropous or campylotropous 
ovules per locule. Fruits one to many-seeded drupes 
with persistent calyx, sometimes broadly 4-winged. 
Seeds sometimes very large (up to 6 cm in Abdulmajidia), 
with undifferentiated or differentiated embryo. Cortical 
bundles in stem reversely oriented. Crystalliferous 
parenchyma strands absent in secondary xylem. Nodes 
3-lacunar with three traces, n = 13. – Petersianthus, 
Barringtonia, Chydenanthus, Abdulmajidia, Careya, 
Planchonia (Combretodendron).

2.2 LECYTHIDOIDEAE
Flowers actinomorphic or zygomorphic. Sepals (4)6, free 
or more or less connate, valvate or slightly imbricate. 

Petals 4-6(8), free, imbricate. Stamens numerous, in sev-
eral cycles, connate at the base into a staminal ring, the 
ring actinomorphic or more often prolonged on one side 
and forming a hood over the fertile stamens and gynoe-
cium (the stamens on this sterile); fi laments of fertile sta-
mens usually short; anthers basifi xed. Pollen grains 
3-colporoidate or 3-colporate, smaller, and without mar-
ginal ridge. Nectary disc absent. Style usually short, 
mostly rodlike, with capitate to lobed stigma; ovary infe-
rior or less often semi-inferior, 2–6- or rarely or more-
locular. Ovules one to many. Fruits indehiscent 
(drupaceous or berrylike) or dehiscent with a circumscis-
sile operculum (pyxidia), then often very large and woody. 
Seeds often arillate; embryo undifferentiated or with 
fl eshy cotyledons. n = 17 (18). – griadear: Gustavia, 
Grias; couroupiteae: Allantoma, Cariniana, 
Couroupita, Corythophora; lecythideae: Lecythis, 
Eschweilera; couratarieae: Couratari; berthole-
tieae: Bertholletia.

2.3 FOETIDIOIDEAE
Flowers solitary and axillary or in small axillary 
cymes, actinomorphic, bibracteolate. Calyx of (3)4(5) 
valvate, thick, woody, deep purple, connate sepals, 
which enclose the inner fl oral organs until anthesis. 
Petals absent. Stamens numerous, free, sometimes in 
four oppositisepalous groups; fi laments fi liform, long 
and upright, or slightly wavy in the bud, spread out in 
the open fl owers; anthers very small, introrse. 
Intrastaminal disc inconspicuous. Style slender, with 
usually four short slender divaricate stigmas; ovary 
inferior, (3)4-locular, with 15–20 ovules per locule; 
ovules usually campylotropous, arranged in vertical 
ring around thick peltate placenta. Fruits drupaceous, 
turbinate, 1- to 4-locular. Seeds with straight or 
J-shaped embryo. – Foetidia.

3. NAPOLEONAEACEAE

A. Richard 1827. 2/10. Tropical West Africa.
Napoleonaea, Crateranthus.
Closely related to Scytopelataceae.
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Order 59. SARRACENIALES

Perennial, rhizomatous, mostly acaulescent, carnivorous 
herbs. Rhizomes with vascular bundles arranged in a 
discontinuous ring interrupted by medullary rays of 
unequal width. Bundles bounded internally and exter-
nally by sclerenchyma. Vessels with oblique, scalari-
form plates with 3–50 bars; lateral pitting from 
scalariform to alternate. Fibers with bordered pits. Axial 
parenchyma diffuse. Leaves alternate, borne in a radical 
rosette or (species of Heliamphora) on an upright stem; 
all or some of the leaves highly modifi ed, transformed 
into more or less elongate, often pitcherlike traps partly 
fi lled with digestive liquid and with a more or less devel-
oped ridge or fl at wing on the ventral side and a laminar 
and relatively small epidermis provided with special-
ized glands and hairs that serve to entrap insects and 
other small organisms. Stomata anomocytic. Flowers 
rather large, solitary on a scape or (Heliamphora) in few 
fl owered, sometimes axillary racemes, nodding, bisex-
ual, actinomorphic, subtended by 1–3 bracteoles. Sepals 
(3)4–5(6), free, imbricate, persistent, often colored and 
showy. Petals fi ve, free, imbricate, caducous or 
(Heliamphora) wanting. Stamens numerous or 10–15, 
in Sarracenia several, arising from each of a limited 
number (commonly 10) of primordia; fi laments more or 
less short; anthers basifi xed or (Sarracenia) versatile, 
opening longitudinally, introrse. Tapetum secretory. 
Microsporogenesis simultaneous. Pollen grains 2-celled, 
(3)4-polycolporate. Gynoecium of fi ve or (Heliamphora) 
three united carpels, with slightly 3-lobed style and 
more or less truncate at the apex (Heliamphora), with 
fi ve short branches at the apex, each with a terminal 
stigma (Darlingtonia) or apically expanded and peltate, 
umbrella-shaped, with small stigma under the tip of 
each of the fi ve lobes (Sarracenia); ovary superior, 
5-locular or (Heliamphora) 3-locular, but the partition 
of the upper part is often not complete, and the placenta-
tion is therefore axile below and parietal above; 

Sarracenia has 10 nectaries on the ovary wall above the 
stamen fascicles. Ovules numerous, anatropous, uniteg-
mic or (Darlingtonia) bitegmic (?), tenuinucellate, with 
endothelium and a well-developed hypostase. Female 
gametophyte of Polygonum-type. Endosperm cellular. 
Fruits loculicidal capsules with numerous seeds. Seeds 
small, often winged, with exotestal seed coat, copious 
endosperm rich in oil and protein, and small linear 
embryo. Decarboxylated iridoids and O-methyl fl a-
vonols present, n = 13 (Sarracenia), 15 (Darlingtonia), 
21 (Heliamphora).

Probably related to the Theales, which is supported 
by fl ower morphology, embryology, and wood anat-
omy (see DeBuhr 1975, 1977).

1. SARRACENIACEAE

Dumortier 1829 (including Heliamphoraceae Chrtek, 
Slavikova, et Studnicka 1992). 3/15. North America 
(Darlingtonia and Sarracenia) and Guyana Highland.

Heliamphora, Darlingtonia, Sarracenia.
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Order 60. RORIDULALES

Sparsely branched shrubs bearing glandular (tentacular) 
hairs of various lengths and unicellular bristle hairs on 
young stems, leaves, and calyx; the largest tentacular 
trichomes are situated on the leaf margins; secretion of 
tentacular hairs sticky, resinous, without proteolytic 
enzymes. Vessel elements long and have oblique perfo-
ration plates with scalariform perforations that in 
Roridula gorgonias have up to 83 bars per plate; lateral 
pitting scalariform to alternate. Fibers are tracheids. 
Rays mostly uniseriate (rarely biseriate) and composed 
of upright cells. Axial parenchyma sparse, diffuse. 
Leaves clustered toward the branch ends of adult shrubs, 
sessile, alternate, linear-lanceolate, entire or with linear 
lateral lobes, pinnately veined, circinate in vernation, 
estipulate. Stomata anomocytic. Flowers in few- 
fl owered, axillary panicles terminated by a fl ower, acti-
nomorphic, 5-merous as to the perianth and androecium, 
bibracteolate. Sepals free, imbricate, glandular-hairy. 
Petals free, imbricate, glabrous, purple or crimson to 
nearly white. Stamens fi ve, alternipetalous; fi laments 
free, slender, thickened at the base; anthers 2-locular, 
elongate, tetrasporangiate, inverted in bud, with 
basal thickening containing a nectariferous cavity, 
irritable (swinging upward and becoming erect and 
spreading pollen when touched at anthesis), extrorse, 
basifi xed, opening by terminal pores. Tapetum secretory. 
Microsporogenesis simultaneous. Pollen grains 2-celled, 
3-colporate, tectate-perforate and spinuliferous (R. dentata) 

or without distinctly developed apertures and without 
coherent tectum (R. gorgonias). Gynoecium of three 
carpels; style tapering and with small, capitate stigma 
(R. dentata) or expanding, terminal, apically obconical 
and with a large stigma (R. gorgonias); ovary 3-locular, 
superior, with solitary (R. dentata) or 2–4 (R. gorgon-
ias) ovules per  lucule. Ovules pendulous, with endothe-
lium. Female gametophyte of Polygonum-type, with a 
conspicuous hypostase at the chalazal end. Endosperm 
cellular. Fruits 3-valved locultcidal capsules. Seeds 
exotestal, rather large, reticulate (R. dentata) or warty to 
honeycombed (R. gorgonias) with small, straight 
embryo and copious, fl eshy endosperm. Producing iri-
doid compounds. Tannins present in the seed coat and 
endosperm cells, n = 6.

1. RORIDULACEAE

Martynov 1820. 1/2. Endemic to the Cape Province.
Roridula.
Hutchinson (1959, 1973) and Cronquist (1981, 

1988) place Roridula in the Byblidaceae, but as Vani-
Hardev (1972) showed there are profound morphologi-
cal differences between Roridula and Byblis. Albert 
et al. (1992) placed the Roridulaceae as sister to the 
carnivorous pitcher plant family Sarraceniaceae.
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Order 61. STYRACALES (EBENALES)

Trees and shrubs. Vessels with scalariform or simple 
perforations; lateral pitting from scalariform to alternate. 
Fibers with bordered or simple pits. Rays mostly het-
erogeneous, mixed uniseriate and pluseriate, or some-
times all uniseriate. Axial parenchyma mostly 
apotracheal. Nodes unilacunar. Leaves alternate or 
rarely opposite, simple, entire or dentate to serrate, 
estipulate. Stomata mostly anomocytic, sometimes 
paracytic or encyclocytic. Flowers usually in various 
racemose or less often cymose infl orescences, bisexual 
or less often unisexual, actinomorphic, with bracteoles 
or (Styracaceae) without. Calyx synsepalous, usually 
tubular or copulate, with (2)3-7-9 lobes. Corolla usually 
sympetalous and 2–7-lobed or very rarely (Bruinsmia 
in Styracaceae) petals free or nearly free. Stamens two 
times as many as the corolla lobes or less often same 
number, adnate at different levels upon the petals or 
corolla tube; fi laments free or more or less connate; 
anthers tetrasporangiate, opening longitudinally or 
rarely (some species of Diospyros) by apical pores. 
Tapeturn secretory. Microsporogenesis simultaneous. 
Pollen grains 2-celled or less often 3-celled, 3-colporate 
or 3-porate. Gynoecium of 2–8 united carpels with sty-
lodia more or less completely connate into a style, rarely 
(some Ebenaceae) nearly free; stigma lobed or capitate; 
ovary superior to inferior, usually plurilocular, with 1–4 
or more ovules per locule; placentation axile 
(Symplocaceae), axile to basal (Styracaceae), or apical 
(Ebenaceae). Ovules anatropous to hemitropous, pen-
dulous (Ebenaceae), bitegmic (Ebenaceae) or unitegmic 
(Symplocaceae and most of the Styracaceae), tenuinu-
cellate, sometimes (Ebenaceae and Pterostyrax and 
Alniphyllum in Styracaceae) with an endothelium. 
Female gametophyte of Polygonum-type. Endosperm 
cellular. Fruits of various types. Seeds large, hard, often 
shiny; seed coat thin, exotestal; embryo straight or 
slightly curved; endosperm copious, mostly bony, often 
ruminate. Without iridoid compounds.

Styracales evidently derived directly from some 
thealean ancestor. They also resemble the Ericales, but 
I agree with Cronquist (1981: 493) that “the relation-
ship is collateral rather than ancestral.” I also agree 
that no one family of the Styracales is likely to be 
directly ancestral to any of the others.

Key to Families
1 Flowers bisexual or seldom polygamo-dioecious. 

Style with capitate or lobed stigma. Gynoecium of 
2–5 carpels. Ovary superior to often inferior. Vessels 
mostly or always with scalariform perforations; lat-
eral pitting from scalariform to opposite, rarely 
alternate.
2 Pubescence of stellate or stellate-peltate trichomes. 

Trees and shrubs, often with resiniferous inter-
cellular canals in the bark and wood but without 
latex. Leaves alternate, simple, entire to toothed. 
Stomata anomocytic. Infl orescences axillary or 
terminal, racemes or panicles, rarely the fl owers 
solitary. Flowers without bracteoles, bisexual or 
rarely female in gynodioecious; sepals 4–5(-9), 
connate, the lobes valvate or the calyx open in 
bud, often truncate; petals 4–5(-9), mostly basally 
connate. Stamens 4-10(-14), the fi laments usu-
ally connate and often inserted basally on the 
corolla, rarely hypogynous. Anthers linear to 
oblong, basifi xed. Pollen grains 3-colporate. 
Stylodia completely united or (Huodendron) 
united at lower level but free above; ovary supe-
rior to inferior, plurilocular below but usually 
unilocular above; ovules bitegmic (Styrax) or 
unitegmic (Halesia); micropyle endostomal. 
Fruits nut-like, sometimes winged, or a loculi-
cidal capsule, samara, or a drupe, with persistent 
calyx. Seeds one of few, rarely numerous; embryo 
large, straight or slightly curved; endosperm 
copious, oily. Contain quercetin, kaempferol, 
tannins, a small amount of leucoanthocyanin, 
saponins, coffeic and ferulic acids, n = 8 (Styrax) 
or 12. . . . . . . . . . . . . . . . . . . . . 1. styracaceae.

2 Plants glabrous or with multicellular hairs or 
stalked glands, but without stellate hairs. 
Evergreen or rarely deciduous trees or shrubs, 
commonly accumulating aluminum. Leaves alter-
nate, simple, serrate or entire. Stomata mostly 
paracytic. Flowers provided with two bracteoles, 
in racemes, or less often in spikes, panicles, or 
fascicles, or solitary, bisexual, rarely unisexual. 
Sepals fi ve, connate, imbricate or valvate, persis-
tent. Petals 5 (3–11), imbricate, connate basally 
in 1–2 series. Stamens 4–12 to numerous (to 100), 
the fi laments free or connate basally. Anthers 
short and broad, mostly round ovate. Pollen grains 
angular, spinuliferous. Ovary wholly or partly 
inferior, usually 2–5-locular, usually with an 
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apical 5-glandular, annular, cylindrical, or 5-lobed 
disc; ovules 2–4 per lacule, pendulous, unitegmic 
(Corner 1976). Fruits 1-seeded drupes or less 
often baccate. Seeds with linear, straight or arcu-
ate embryo and copious endosperm; exotestal 
cells with inner walls thickened or thin. Present 
gallic and ellagic acids, tannins, leucoanthocya-
nins, iridoids, n = 11.  . . . . . . .2. symplocaceae.

1 Flowers mostly unisexual and commonly dioecious, 
rarely bisexual. Trees and shrubs, commonly with 
hard, dark or black wood, without latex. Vessels with 
simple perforations, or less greauently scalariform; 
 lateral pitting alternate. Nodes unilacunar with three 
traces. Leaves alternate, rarely opposite or whorled, 
simple, entire. Stomata usually paracytic. Infl orescences 
axillary or rarely caulifl orous cymes, or fl owers soli-
tary. Sepals 3–5(-8), connate, valvate or imbricate; 
petals 3–5(-8), connate, usually contorted and imbri-
cate, rarely valvate. Stamens 3-50(-120 ?), usually 
2–4 times the number of corolla lobes, rarely equal 
in number and alternate with them; the fi laments free 
or connate in pairs; anthers elongated, often hairy, 
adnate or basifi xed, dehiscing longitudinally, more 
rarely by apical pores. Pollen grains 3-colporate or 
3-porate. Gynoecium of 2–8 carpels. Ovary superior, 
2–16-locunar. Stylodia nearly free or more or less 
connate below. Ovules 1–2 per locule, bitegmic; 
micropyle endostomal. Fruits more or less juicy and 
leathery berries rarely capsular. Seeds pachychala-
zal, often ruminate, testa multiplicative (not vascu-
larised), exotesta fi briform or mucilaginous, cells 
cuboid to palisade, endotesta crystalliferous or not, 
walls thickened or not; embryo straight or slightly 
curved; endosperm copious, hard. Producing 
saponins, triterpenes, napthoquinone derivative of 
seven methyljugone and plumbagin, fl avonols, leu-
codelphinidin, myricetin, n = 15. . . . 3. ebenaceae.

1. STYRACACEAE

A.P. de Candolle et Sprengel 1821 (including Halesi-
aceae D. Don 1828). 11/160. Mediterranean, eastern 
Himalayas (from Nepal to Arunachal-Pradesh), Assam, 
eastern India, eastern and Southeast Asia to West 
Malesia, America from United States to Argentina.

Styrax (including Pamphilia), Huodendron, Bruins-
mia, Alniphyllum, Changiostyrax, Sinojackia, Parastyrax, 
Pterostyrax, Halesia, Rehderodendron, Melliodendron.

Styracaceae (together with the Symplocaceae) are 
the most primitive members of the order and the near-
est to the Theales (see Copeland 1938).

2. SYMPLOCACEAE

Desfontaines 1820. 1/300. Tropical and subtropical 
regions except Africa, Europe, and western Asia.

Symplocos.
Very close to the Styracaceae and approximately on 

the same level of specialization.

3. EBENACEAE

Gürke 1891 (including Diospyraceae Durande 1782, 
Guaiacanaceae Jussieu 1789, Lissocarpaceae Gilg 
1924). 4–5/500. The largest genus Diospyros (up to 
500) is pantropical with the greatest concentration of 
species in Malesia; only a few species of Diospyros 
occur in western Asia, Japan, and the southeastern 
United States. Euclea (14) occurs in East and South 
Africa, on the Comoros and Arabian peninsula. 
Tetraclis (3) endemic to Madagascar, Lissocarpa 
(8) tropical South America (from Guyana to Bolivia).

3.1 EBENOIDEAE
Pollen grains 3-colporate. Ovary superior, 2–16-locu-
nar, ovules one or less frequently two; indumentum 
present; bracteoles alternate. – Diospyros, Royena, 
Tetraclis, Euclea.

3.2 LISSOCARPOIDEAE
Pollen grains 3-porate. Ovary inferior, 4-locular; 
ovules two; indumentum absent; bracteoles suboppo-
site. – Lissocarpa.

Related to the Styracaceae and Symplocaceae, but 
the affi nity is not very close. A very heterobathmic fam-
ily: ovules bitegmic and stylodia not completely united 
or sometimes nearly free, but fl owers mostly unisexual.
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Order 62. SAPOTALES

Trees and shrubs with well-developed, elongate laticif-
erous sacks in the pith, phloem, cortex, and leaves that 
contain a refractive white substance resembling resin 
or guttapercha. Indumentum in all genera, except 
Delpydora, of appressed unicellular hairs with two equal 
or unequal arms commonly mixed with erect or spread-
ing simple hairs. Vessels with simple perforations; lat-
eral pitting alternate. Fibers typically with simple pits, 
but pits occasionally bordered. Rays heterogeneous. 
Axial parenchyma apotracheal. Sieve-element plastids 
of S-type. Nodes trilacunar or seldom unilacunar. Leaves 
alternate or seldom opposite,  simple, nearly always 
entire, pinnately veined, with small to large and some-
times persistent stipules (e.g., Madhuca spp.) or more 
often estipulate. Stomata usually anomocytic. Flowers 
mostly rather small, solitary or more often in small 
cymes, sometimes (Sarcosperma) in large paniculate 
infl orescences, bisexual, actinomorphic, often nocturnal 
and bat- pollinated. Sepals (4)5(-12), free or nearly so 
and imbricate, or sometimes in two cycles of two, three 
or four. Corolla sympetalous, with 4–8 imbricate lobes, 
sometimes with paired appendages. Stamens in 1–3 
cycles, opposite the corolla lobes, inserted within the 
corolla tube or occasionally at the base of the corolla 
lobes, rarely free, often some of them staminodial; 
anthers tetrasporangiate, opening longitudinally. 
Tapetum secretory. Microsporogenesis simultaneous. 
Pollen grains 2-celled, 3–5(6)-colporate, with colpi pro-
vided by granular membrane; ectexine nearly always 
with a thick and usually sparsely punctate or perforate 
tectum and a very narrow interstitium, either granular or 
with very reduced columellae. Gynoecium of 2-14(-30) 
united carpels, rarely (several species of Pouteria sect. 
Franchetella) of one carpel, usually hairy; style with 

capitate or slightly lobed stigma; ovary superior, typi-
cally 5-plurilocular (unilocular in Diploon), with axile 
or sometimes basal or axile-basal placentation and one 
ovule per carpel. Ovules anatropous to hemitropous, 
apotropous, unitegmic, tenuinucellate, without endothe-
lium. Female gametophyte of Polygonum-type. 
Endosperm nuclear. Fruits typically 1- to many-seeded 
berries with fl eshy, leathery, or rarely woody outer peri-
carp, rarely (as in Pradosia) drupelike or  sometimes, as 
in four genera of Mimusopeae, tardily dehiscing 1-sev-
eral-seeded  loculicidal capsule. Seeds medium-sized to 
large, ellipsoid, light brown to black, shiny, often with 
variously expanded hilum (basal, basi-ventral or adax-
ial); seed coat thick and hard, its outer part (8–25 cells 
thick or more) often forming a heavily lignifi ed, scle-
rotic layer of compressed, pitted cells, and its inner part 
(of similar thickness) thin-walled, aerenchymatous, car-
rying the vascular bundles, eventually more or less 
crushed; embryo large, usually with small  radicle; 
endosperm sometimes relatively copious (Manilkara and 
some other genera), but mostly scanty or even wanting. 
Producing saponins, C-30 oxidised triterpenes, pyrrhliz-
idine alkaloids, fl avonols, leucodelphinidin, myrcetin, but 
without iridoid compounds, n = (10-)13(-14).

Sapotales are related to the Styracales and share a 
common origin from the thealean ancestor. However, 
they differ from the Styracales in many important char-
acters including a well-developed system of latex 
sacks, nuclear endosperm, absence of the endothelium, 
and seed coat anatomy.

1. SAPOTACEAE

A.L. de Jussieu 1789 (including Achradaceae Vest 
1818, Boerlagellaceae H.J. Lam 1925, Bumeliaceae 
Barnhardt 1895, Sarcospermataceae H.J. Lam 1925). 
53/1200. Pantropical, with a few species extending 
into temperate regions.

mimusopeae: Mimusops, Vitellariopsis, Autranella, 
Tieghemella, Baillonella, Vitellaria, Manilkara, 
Labramia, Faucherea, Northia, Labourdonnaisia, 
Letestua, Inhambanella, Neolemonniera, Lecomtedoxa, 
Gluema, Eberhardtia; isonandreae: Palaquium, 
Aulandra, Isonandra, Madhuca, Payena, Burckella, 
Diploknema; sideroxyleae: Sideroxylon, Neohems-
leya, Nesoluma, Argania, Sarcosperma, Diploon; 
chrysophylleae: Pouteria, Aubregrinia, Breviea, 
Micropholis, Chromolucuma, Chrysophyllum, Eccli-
nusa, Delpydora, Pichonia, Sarcaulus, Elaeoluma, 
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Niemeyera, Pradosia, Leptostylis, Pycnandra, 
Synsepalum, Englerophytum, Xantolis, Capurodendron; 
omphalocarpeae: Tsebona, Magodendron, Ompha-
locarpum, Tridesmostemon.

The delimitation of genera in the Sapotaceae has 
always been very controversial. Here I follow 
Pennington’s (2004) system of classifi cation.
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Order 63. PRIMULALES

Trees or shrubs, sometimes woody lianas, rarely 
sub-shrubs, mostly perennial or less often annual 
herbs, sometimes aquatic (Hottonia). In Myrsinaceae, 
Theophrastaceae and in some genera of Primulaceae, 
particularly in Lysimachia, occur secretory cells or 
cavities containing red or reddish substance. Vessels 
with simple perforations or occasionally some of 
them with scalariform perforations; lateral pitting 
alternate. Fibers with simple or sometimes more or 
less indistinctly bordered pits. Rays heterogeneous to 
homogeneous, typically multiseriate. Axial paren-
chyma paratracheal and usually scanty, often lacking. 
Sieve-element plastids of S-type. Nodes unilacunar 
or sometimes trilacunar. Leaves alternate, opposite, 
or less often verticillate, often gland-dotted or 
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farinose, simple, entire or variously lobed, rarely 
(Hottonia) pectinately pinnatisect, estipulate. Stomata 
mostly anomocytic, or anisocytic. Flowers large to 
small, in various kinds of infl orescences or solitary, 
bracteate but without bracteoles, bisexual or unisex-
ual, actinomorphic or rarely (Coris) somewhat zygo-
morphic, mostly 5-merous, often heterostylic. Sepals 
3–6, mostly fi ve, free or basally connate, imbricate, 
valvate or contorted, often glandular-punctate, usu-
ally persistent. Corolla sympetalous, with imbricate 
lobes, rarely petals secondarily free (in 3-merous 
genus Pelletiera) or lacking (Glaux). Stamens as 
many as and opposite the corolla lobes, attached to 
the corolla tube or rarely almost free; sometimes there 
is also an outer cycle of scalelike staminodia (as in 
Theophrastaceae and Samolus and Soldanella) alter-
nating with the functional stamens; anthers tetraspo-
rangiate, sometimes with a prolonged connective, 
introrse, opening longitudinally, or by apical pores. 
Tapetum secretory. Microsporogenesis simultaneous. 
Pollen grains 2-celled, (3-)-5-8-colpate, or 3(-5)-col-
porate, tectate- columellate, with tectum fi nely granu-
lar to perforate. Gynoecium mostly of fi ve united 
carpels, with a style terminated by a capitate or punc-
tate, sometimes shallowly lobed stigma; ovary supe-
rior, sometimes semi-inferior, unilocular but often with 
vestigial partitions at the base, mostly with numerous 
ovules on a free-central placenta. Ovules anatropous or 
hemitropous, sometimes campylotropous, bitegmic or 
rarely unitegmic (as in Aegiceras, Cyclamen and 
Douglassia), tenuinucellate, with endothelium. 
Integumentary tapetum present or less often (some 
Myrsinaceae and Theophrastaceae, Coris and 
Cyclamen) absent. Female gametophyte of Polygonum-
type. Endosperm nuclear. Fruits berries, drupes or cap-
sules. Seeds large to small, with straight embryo and 
usually copious endosperm; seed coat formed by the 
outer integument. Commonly containing various sapo-
nine compounds, and many genera also produce qui-
noid compounds, notably primulagenin. n = 5, 8–15, 
17, 19, 22.

Primulales have many common features with the 
Ericales and Sapotales (confi rmed by serological data, 
Frohne and John [1978]), which supports their com-
mon ancestry. All this groups originated from the some 
thealean ancestor. Hallier (1912) derived Primulales 
from the Ochnaceae. But in Hutchinson’s opinion 
(1959, 1969) the Myrsinaceae (but not the order 
Primulales) linked with the Sapotaceae.

Key to Families
1 Fruits not viviparous.

2 Flowers actinomorphic. Calyx not spiny.
3 Mostly evergreen trees and shrubs, sometimes 

subshrubs, very rarely subherbaceous.
4 Plants with secretory cells, cavities, or canals 

with yellow or reddish-brown contents in the 
stem and leaves. Staminodia absent.
5 Ovary superior. Pedicel without bracte-

oles. Vessels with simple or occasionally 
scalariform  perforations with 2–5 bars. 
Fibers typically septate. Nodes trilacunar 
with three traces. Leaves gland-dotted. 
Sclerenchymatous subepidermal fi bers 
and submarginal strands in leaves want-
ing. Flowers small, without staminodia. 
Sepals 5-4(3-6, very rarely 9). Petals 
5-4(3-6, very rarely 7). Anthers introrse, 
sometimes transversely locellate (Ardisia 
elliptica). Gynoecium of 3–5(6) carpels. 
Fruits usually berries or drupes, rarely 
capsule, opening with valves. Seeds rela-
tively small to relatively large; seed coat 
undistinguished, tegmen thickened before 
becoming crushed, endotegmen crystal-
liferous; embryo straight or slightly 
curved; endosperm copious, bony, some-
times ruminate, rarely well preserved only 
on the funicular and placental side. Mostly 
evergreen small trees or shrubs, some-
times lianas or epiphytes, rarely subshrubs 
and very rarely (Ardisia primulifolia) 
subherbaceous. Present benzoquinones, 
n = 10–13, 15, 17, 23. . .1. myrsinaceae.

5 Ovary semi-inferior. Pedicel with a single 
bract and two bracteoles. Evergreen small 
trees, shrubs or sometimes lianas; secre-
tory canals well developed. Vessels with 
simple perforation, but sometimes perfo-
ration scalariform with 5–7 bars; axial 
parenchyma scanty paratracheal (Lens et 
al. 2005). Leaves without immersed glan-
dular hairs, prismatic crystal druses pres-
ent. Infl orescence terminal or axillary, 
paniculate or racemose. Flowers small. 
Corolla campanulate or sometimes urceo-
late, with a well-demarcated tube. Stamens 
not exerted, adnate to the corolla at about 
the middle or higher. Anthers not trans-
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versely locellate, dorsifi xed. Gynoecium 
with somatic nectaries, stigma truncate or 
capitate, entire or 2–5-lobed. Ovules many 
to numerous, densely set on the placenta 
and have an inner integument with a tape-
tum. Fruits many-seeded baccate, formed 
by the ovary as well as the surrounding 
tissue, with a somewhat woody endocarp, 
externally punctate or lineate. Seeds small, 
testa reticulate, two-layered with rhom-
boid crystals; embryo with short hypocotyl 
and short, narrow cotyledons; endosperm 
copious. n = 10. . . . . . . . . . 2. maesaceae.

4 Plants without secretory system in the stem 
and leaves. Vessels exclusively with simple 
perforations; rays broad. Fibers not septate; 
rays exclusively multiseriate. Nodes unila-
cunar with one trace (Jacquinia) or penta-
lacunar with fi ve traces (Clavija). Leaves 
commonly crowded at the ends of the 
branches, with long strands of sclerenchyma-
tous tissue beneath the epidermis of the 
leaves, estipulate. Flowers rather large, bisex-
ual, or unisexual (dioecious), with 4–5 peta-
loid or glandular staminodia alternating with 
the corolla lobes and attached to the corolla 
tube. Sepals 5(4), free or basally connate 
(Clavija), persistent, imbricate. Petals 5(4), 
corolla rotate, urceolate or funnel-shaped, 
somewhat fl eshy, gland dotted or streked. 
Stamens 5(-4), inserted near the base of 
the corolla tube; anther extrorse or introrse, 
mostly with a prolonged connective. 
Staminodia present. Pollen grains 3-colporate 
or (Clavija) 4-colporate. Gynoecium of 
5(-4) carpels. Ovary superior or semi-inferior, 
unilocunar, the cavity fi lled with mucilage. 
Ovules numerous, imbedded in mucilage, on 
central or basal placenta, ascending, anatro-
pous or campylotropous. Fruits berries or 
rarely drupes, or rarely (Samolus) capsules, 
containing many to few seeds (very rarely 
only one). Seeds often fairly large; exotestal 
cells fl attened, thick-walled, hypo dermal 
cells often crystalliferous; embryo straight 
or slightly curved; endosperm copious, 
bony; testa  yellow, orange to red,. n = 9, 
12–14, 19. . . . . . . . . . 4. theophrastaceae.

3 Perennial or annual herbs, rarely subshrubs. 
Nodes unilacunar. Leaves alternate or more 

often opposite or whorled, often all basal, often 
glandular-punctate, mostly simple and entire or 
merely toothed or lobed, in the aquatic genus 
Hottonia pectinately pinnatisect. Stomata ano-
mocytic. Flowers variously in panicles, umbels, 
racemes, of heads or solitary, individually brac-
teate but without bracteoles. Sepals 5(4-9), con-
nate, persistent, imbricate, or contorted; petals 
5(4-9), (0 in Glaux), connate, imbricate or con-
torted; petals deeply bifi d to bilobed, or entire. 
Stamens 5(4-9), inserted near the base of the 
corolla tube, or midway down the corolla tube, 
or in the throat of the corolla tube; fi laments 
long or short, rarely alternating with stamin-
odes (scales); anthers dorsifi xed, opening by 
longitudinal slits or sometimes by terminal 
pores. Pollen grains 3(2-4)-colporate or colpor-
oidate, or 3–10-colpate. Gynoecium of 5(4-9) 
carpels. Ovary superior, 1-locular. Ovules 
numerous, ascending, anatropous to hemianat-
ropous. Fruits capsular, dehiscent by valves or 
sometimes circumscissile, or rarely indehiscent. 
Seeds small, usually more or less numerous; 
seed coat rather thin, formed by both the integu-
ments, endotegmen often crystalliferous; 
embryo straight, surrounded by usually copious, 
oily endosperm, rarely (Soldanella, Hottonia) 
endosperm lacking. Cotyledons one (Cyclamen) 
or two, semi-cylindric. Present fl avonols (kae-
mpferol, quercetin, myricetin), cucurbitacins, 
n = 8–12(13).  . . . . . . . . . . . . .5. primulaceae.

2 Flowers zygomorphic. Calyx spiny. Small, 
 evergreen, thyme-like subshrubs, stem often red-
dish-tinged. Leaves alternate, linear, coriaceous, 
persistent, entire or obscurely dentate, gland-dot-
ted. Flowers in terminal spike-like racemes. Sepals 
fi ve, membranous, 10-nerved, teeth short, persis-
tent, valvate, each bearing a large black dorsal 
gland, and an outer ring of 10–15 spreading aculei 
below the teeth. Corolla campanulate, sub-bilabi-
ate (three upper lobes longer), lobes unequally 
bifi d, bright magenta to rose or white. Stamens 
fi ve, antepetalous, fi laments fi liform, exerted, 
glandular at the base; anthers small, globose, 
introrse. Pollen grains relatively large and have a 
unique kind of reticulate pattern in addition to the 
tectum perforations (Carrion et al. 1993). 
Gynoecium of fi ve carpels. Ovary superiorn 1-loc-
ular, ovules 5–6, hemianatropous. Style fi liform. 
Capsule globose, enclosed by the persistent calyx, 
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dehiscent by fi ve valves. Seeds 4–6, papillose; 
embryo well differentiated, straight; endosperm 
present. Contain C-glycosyl fl avonoid in the 
leaves (Frezet et al. 1975). . . . . . . 6. coridaceae.

1 Fruits viviparous. Mangrove shrubs or small trees. 
Vessel elements storied (Lens et al. 2005). Leaves 
alternate, coriaceous, entire, minutely punctuate, 
estipulate. Flowers in sessile terminal or axillary 
umbels of very short branches racemes, without 
bracts and bracteoles, bisexual. Sepals fi ve, strongly 
and dextrorsely contorted, imbricate, very asym-
metric; corolla shortly tubular, lobes fi ve, contorted. 
Stamens fi ve, opposite the corolla-lobes, inserted in 
the densely hairy tube of the corolla; fi laments 
shortly connate, villous in the lower part; anthers 
2-locular, introrse, opening longitudinally. Ovary 
superior, 1-locular, fusiform, narrowed into a subu-
late style, stigma acute. Ovules numerous (30–100), 
but only one fertile, anatropous, unitegmic; 
endosperm haustoria present Fruit 1-seeded, cap-
sule, curved and elongate. Seed large, pachychala-
zal; seed-coat thin; endosperm present 
(Nemirovich-Danchenko 1992: 71); embryo well 
differentiated, n = 23.  . . . . . . 3. aegicerataceae.

1. MYRSINACEAE

R. Brown 1810 (including Ardisiaceae Jussieu 1810, 
Embeliaceae J. Agardh 1858). 38/1000. Mainly tropi-
cal and subtropical regions, extending to South Africa 
and New Zealand in the south, and North China, Korea, 
Japan, and Mexico in the north.

Embelia, Grenacheria, Heberdenia, Pleiomeris, Myrsine, 
Rapanea, Ardisia, Afrardisia, Synardisia, Hymenandra, 
Tetrardisia, Solonia, Geissanthus, Emble mantha, Sadiria, 
Gentlea, Stylogyne, Ctenardisia, Yunckeria, Antistrophe, 
Parathesis, Amblyanthus, Ambly  anthopsis, Elingamita, 
Wallenia, Loheria, Cybianthus, Grammadenia, Vegaea, 
Oncostemum, Badula, Tapeino sperma, Discocalyx, Labisia, 
Systellantha, Monoporus, Fittingia, Conandrium.

2. MAESACEAE

A. Anderberg, B Stähl and M Källersjö 2000. 1/c.150. 
trop. Africa, Madagascar, India, Sri Lanka, Burma, 
China, Japan, Indochina, Malesia, Australia, Melanesia 
eastwards to Fiji, Samoa, and Tonga.

Maesa.

Anderberg and Stahl (1995) came to the defi nite 
conclusion that Maesa should be raised to the rank of 
family, which is supported by both morphological and 
molecular date (see Anderberg et al. 2000).

3. AEGICERATACEAE

Blume 1833. 1/2. Mangroves South and South-East 
Asia, New Guinea, Bismark Archipelago, Solomon 
Is., northeastern Australia, Lord Howe I.

Aegiceras.
Aegicerataceae are related to Myrsinaceae but mark-

edly differ from them in the presence of versa tile anthers, 
viviparous fruits with exalbumbinous seeds, and uniteg-
mic ovules (Stähl and Anderberg 2004), and very impor-
tant are also differences in the wood anatomy, such as 
“Aegiceras can easily be distinguished from other 
Myrsinaceae by the presence of relatively narrow ves-
sels, a relatively high vessel density, short vessel ele-
ments and fi bers (non-septate fi bers), and multiseriate 
rays with exclusively procumbent body ray cells and 
without sheath cells” (Lens et al. 2005).

4. THEOPHRASTACEAE

Link 1829. 7/125. America from Mexico and southern 
Florida to West Indies and northern Paraguay.

Theophrasta, Neomezia, Deherainia, Votschia, 
Clavija, Bonellia, Jacquinia.

Related to the Myrsinaceae.

5. PRIMULACEAE

Batsch ex Borkhausen 1797 (including Anagallidaceae 
Batsch ex Borkhausen 1797, Lysimachiaceae A.L. 
Jussieu 1789, Samolaceae Rafi nesque 1820). 24/1000. 
Nearly cosmopolitan, but mainly in temperate and cold 
regions of the Northern Hemisphere.

5.1 PRIMULOIDEAE
Ovary superior, capsule valvular, corolla lobes imbricate 
or quineuncial in the bud. – primuleae: Omphalogramma, 
Bryocarpum, Primula, Dionysia, Cortusa, Kaufmannia, 
Hottonia, Sredinskya, Dodecatheon, Soldanella; and-
rosaceae: Androsace (including Douglasia), Vitaliana, 
Stimpsonia, Pomatosace; ardisiandreae: Ardisiandra; 
samoleae: Samolus.
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5.2 LYSIMACHIOIDEAE
Ovary superior, capsule valvular or a pyxidium, 
corolla-lobes contorted in bud. – lysimachieae: 
Lysimachia (including Naumburgia), Trientalis, 
Asterolinon, Pelletiera; GLAUCEAE: Glaux; anagal-
lideae: Anagallis (including Centunculus).

5.3 CYCLAMINOIDEAE
Ovary superior, capsule valvular. Tuberous plants; fl owers 
with refl exed petal-limbs, twisted in bud. – Cyclamen.

Related to the Myrsinaceae, differing mainly in pre-
dominantly herbaceous habit, capsular fruits, seed coat 
formed by both the integuments, and Caryophyllad-type 
embryogenesis (Onagrad-type in the Myrsinaceae). 
Although the Primulaceae are in general more advanced 
than Myrsinaceae and Theophrastaceae, in some respects 
they are more archaic (Wettstein [1935] considered 
Myrsinaceae as an advanced family in the Primulales). 
We may therefore conclude that the Primulaceae are 
derived not directly from the Myrsinaceae or Theo-
phrastaceae but rather from the common ancestor of 
these three families (Takhtajan 1959). The genus 
Cyclamen is the most distinctive in the Primulaceae and 
the systematic position of Cyclamen was discussed by 
Rosvik (1966), who found it isolated in the family. 
Cyclamen differs from all of them by the absence of the 
integumentary tapetum.

6. CORIDACEAE

J.G. Agardh 1858. 1/2. Mediterranean, Northeastern 
Africa.

Coris.
Usually included in the Primulaceae, but differs in 

the zygomorphic fl owers, spinose sepals and the major-
ity of them (except for Cyclamen) by the absence in 
the integumentary tapetum.
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Superorder VIOLANAE

Order 64. BERBERIDOPSIDALES

Scandent, evergreen shrubs with sympodial branching 
and collateral axillary buds. Vessel elements very long to 
extremely long; perforations exclusively scalariform with 
6–15 or more bars (mostly over 15 in Berberidopsis), 
 lateral pitting almost absent; vessel-to-ray pitting 
scalariform, vessel to tracheid pitting composed of axial 
rows of circular pits. Fibrous elements are nonseptate, 
with  distinctly bordered pits. Rays heterogeneous, over 
1 cm in height. Axial parenchyma inconspicuous but pres-
ent. Sieve-element plastids of S-type. Nodes trilacunar 
with three traces. Leaves alternate, entire to coarsely den-
tate, petiolate, coriaceous, estipulate. Stomata cyclocytic 
and bicyclis. Flowers in terminal racemes (Berberidopsis) 
or axillary, solitary, bisexual, actinomorphic. Sepals and 
 petals (9-)12(-15), and spirally arranged, gradually merg-
ing from one to the other (Berberidopsis) or the perianth 
with fi ve petals distinct from the fi ve sepals 
(Streptothamnus). Stamens 6–13 (Berberidopsis) or 
numerous (Streptothamnus), free. Filaments very short, 
connective broad (Berberidopsis) or fi laments longer 
than the anthers, fi liform, connective inconspicuous 

(Streptothamnus). Anthers basifi xed, shortly apiculate, 
opening longitudinally. Tapetum secretory. Microsporo-
genesis simultaneous. Pollen grains 3-colpate, tectum 
imperforate (Berberidopsis), or perforate (Streptothamnus). 
Disc dentate (Berberidopsis) or absent (Streptothamnus). 
Gynoecium of three, fi ve carpels. Ovary superior, 
1-locular, ovules two to many on each of 3–5 parietal pla-
centae. Style stout, stigma punctuate to slightly lobed. 
Ovules anatropous, bitegmic, crassinucellate. Female 
gametophyte of Polygonum-type. Endosperm nuclear. 
Fruits berrylike crowned by the persistent style base. 
Seeds endotestal, with fl eshy (Berberidopsis) or leathery 
(Streptothamnus) exotesta; endotestal cells crystalliferous, 
palisade, lignifi ed; embryo minute and endosperm copi-
ous. Producing cyclopentenoid cyanogenic glycosides.

Evidently a very ancient family as confi rmed by its 
transpacifi c disjunction (Berberidopsis in Chile and 
Streptothamnus in Australia). Berberidopsidaceae are 
probably directly related to the Dilleniales and are pos-
sible a link between the Dilleniales and Violales.

1. BERBERIDOPSIDACEAE

Takhtajan 1985. 2/3. Chile (from Talca to Osorno) and 
eastern Australia (Queensland and New South Wales).

Berberidopsis, Streptothamnus.
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Order 65. AEXTOXICALES

Large, evergreen trees. Twigs, leaves (below), and 
infl orescences lepidote, with peltate scales all over. 
Vessels with scalariform perforations that have rather 
numerous bordered bars. Axial parenchyma diffuse, 
moderately common. Rays heterogeneous, droplets 
or amorphous deposits of a dark-staining substance 
common in ray cells (especially procumbent cells). 
Leaves opposite, simple, conduplicate, entire, with-
out stipules. Stomata encyclocytic. Flowers in axil-
lary, pendulous racemes, dioecious, (4)5(6)-merous, 
completely enveloped in bud by a calyptrate bracte-
ole. Sepals free, strongly imbricate. Petals broadly 
clawed, incurved in buds, with a thick midrib, imbri-
cate. Stamens fi ve, antesepalous, alternating with 
well-developed, fl eshy, reniform nectary glands; fi la-
ments thick and fl eshy; anthers introrse, opening by 
porelike slits toward the summit. Pollen grains 3-col-
porate. Tapetum secretory. Microsporogenesis simul-
taneous. Female fl owers with fi ve fl eshy staminodia 
alternating with the nectary glands. Gynoecium of 
two carpels, with a short style strongly defl exed to 
one side and appressed to the ovary, shortly bifi d; 
ovary superior, 2-locular, but only one loculus fertile. 
Ovules two, pendulous, anatropous and apotropous, 
with a massively beaked nucellus protruding beyond 
the integuments, bitegmic, crassinucellate. Fruits dry, 
small drupes with a single 1-seeded pyrene. Seeds 
with ruminate, copious, fl eshy endosperm and a well-
developed embryo that has fl attened,  cordate-orbicular 
cotyledons. n = 16.

Both molecular data and wood anatomy show the 
close affi nity with the Berberidopsidales. However 
Aextoxicales markedly differ from the Berberidop-
sidales in opposite leaves, their dioecious fl owers, 
3-colporate pollen grains, the 2-carpellate gynoecium, 
drupaceous fruits, ruminate endosperm, and well-
developed embryo.

1. AEXTOXICACEAE

Engler et Gilg 1920. 1/1. Chile.
Aextoxicon.
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Order 66. VIOLALES (PASSIFLORALES)

Trees, shrubs, and herbs, often lianas. Vessels mostly 
with simple perforations, but in some archaic members 
of the order some or all of them with scalariform perfo-
rations, sometimes with many bars; lateral pitting from 
scalariform to alternate or rarely (Sayauxia) scalariform 
and opposite. Fibers with bordered or simple pits, often 
septate. Rays from heterogeneous to homogeneous. 
Axial parenchyma of various types or absent. Sieve-
element plastids of S-type. Nodes mostly trilacunar. 
Leaves alternate or opposite, rarely verticillate, simple, 
entire to dentate or serrate, sometimes (some Violaceae) 
lobed or even dissected, commonly  pinnately veined; 
stipules present, often caducous, or absent. Stomata 
paracytic, anisocytic or anomocytic. Flowers small to 
large, mostly in various kinds of infl orescences or rarely 
solitary, bisexual or less often unisexual, actinomorphic 
or sometimes more or less zygomorphic, cyclic or rarely 
with a spiral perianth, mostly 5-merous, sometimes 
apetalous. Sepals 6–3, rarely up to 15, mostly 5, free or 
more or less connate, usually imbricate. Extrastaminal 
corona sometimes present. Petals 6–3, rarely up to 15, 
mostly 5, free or shortly connate at the base (in the 
Achariaceae connate into a campanulate 5–3-lobed 
tube), mostly imbricate. Stamens mostly the same num-
ber as the number of petals, free or more or less connate; 
anthers tetrasporangiate, opening longitudinally or rarely 
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by terminal pores (as in Kiggelaria). Tapetum secretory. 
Micro sporogenesis simultaneous. Pollen grains 2-celled, 
3-colporate to 10–12-colporate, generally reticulate, 
rarely inaperturate. Gynoecium syncarpous, of 2–12 
carpels, rarely of one carpel, with free or more or less 
united stylodia; ovary superior, rarely inferior (Bembicia) 
with numerous or less often several or only 1–2 ovules 
mostly on parietal placentas. Ovules mostly anatropous, 
bitegmic, crassinucellate. Female gametophyte of 
Polygonum-type. Endosperm nuclear. Fruits of various 
types, mostly capsules or berries. Seed of various sizes 
and shapes, arilate or not; seed coat formed by both 
integuments, mostly exotegmic; embryo straight to 
curved, endosperm copious to scanty. Certain members 
of the order are cyanogenic (Malesherbiaceae, 
Passifl oraceae, Flacourtiaceae, and Turneraceae) and 
produce elaborate cyanogens with cyclopentenoid ring 
structures.

Violates are close to the Theales and share a com-
mon origin from a dillenialean ancestor.

Key to Families
1 Gynoecium of one carpel. Evergreen trees and shrubs 

with pericyclic cork. Vessels usually with exclusively 
scalariform perforations. Fibers with bordered pits, 
septate. Axial parenchyma rare to frequent, vasicen-
tric and apotracheal diffuse. Nodes trilacunar with 
three traces. Leaves alternate, simple, entire, serrate 
or on the same specimen incised, estipulate. Stomata 
anisocytic. Flowers axillary, small, sessile or pedicel-
late, bisexual, actinomorphic. Sepals (4-)5(-6), 
broadly imbricate. Petals absent. Stamens 65–110, 
persistent, inserted outside fl oral cup; fi laments are 
longer than anthers, narrow; anthers very small, 
 basifi xed, introrse; the connective broad and without 
protrusion, opening longitudinally. Nectary is located 
on the fl oral cup, between androecium and gynoe-
cium. The carpel is elevated above the fl oral base on a 
short stalk; ovary superior, thick-walled, with one 
short lateral placenta. Stigma large, almost sessile 
forms two recurved crests and appears capitate-bilobed 
and somewhat decurrent on the ventral side. Ovules 
6–8, biseriate, campylotropous and syntropous; pla-
centation lateral; micropyle formed by the inner integ-
ument, which protrudes from the outer integument. 
Fruits baccate. Seeds incurved, with an hippocrepi-
form embryo and scanty endosperm. Contain 
mangiferin (Bate-Smith 1965). . . . 12. aphloiaceae.

1 Gynoecium mostly of 2–5 carpels.

2 Perianth present.
3 Petals present.

4 Petals more or less free.
5 Flowers with an extrastaminal corona.

6 Seeds exarillate. Xerophitic shrubs up 
to 3.5 m tall, or small shrublets, peren-
nial or annual herbs with foetid smell, 
erect or procumbent, bearing branches 
sparsely to densely pubescent with 
both simple and glandular hairs. 
Vessels usually with simple perfora-
tions, but sometimes scalariform with 
a few bars. Fibers rather short, with 
very small pits. Nodes unilacunar 
with one trace. Leaves alternate, sim-
ple, entire, sessile or petiolated, 
toothed or sometimes pinnatifi d; 
stipule-like leaves usually present, 
often 1–5-lobed. Stomata anomo-
cytic. Infl orescences axillary or ter-
minal racemes, panicles or cymes, or 
fl owers solitary. Flowers bisexual, 
actinomorphic, with a long, slender, 
straight or curved hypanthium, blue, 
purple, white, yellow, red to orange. 
Sepals fi ve, persistent, imbricate or 
valvate; the margins sometimes lined 
with glandular hairs. Petals fi ve, val-
vate or with open aestivation, corolla 
appendiculate, with a membranous, 
denticulate corona. Both the androe-
cium and gynoecium borne on a vil-
lous, lobed androgynophore. Stamens 
fi ve, free and arising from the apex of 
the androgynophore, extending beyond 
the throat of the fl oral tube and corona; 
fi laments fi liform; anthers 2-locular, 
dorsifi xed. Pollen grains 3-colporate. 
Gynoecium of 3(-4) carpels; stylodia 
three, free, fi liform, emerging near 
apex of ovary, generally extending 
stigmas beyond anthers. Ovary supe-
rior, 1-locular, stipitate, with numer-
ous, anatropous ovules on parietal 
placentas. Fruits loculicidal capsules 
enclosed by the persistent hypanthium, 
stipitate. Seeds one to many, crusta-
ceous, pitted seed coat and with 
straight, medium-sized embryo and 
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copious, fl eshy, dotted endosperm. 
Producing cyclopentenoid cyanogens; 
n = 14.. . . . . . 10. malesherbiaceae.

6 Seeds arillate. Woody or herbaceous 
lianas, climbing by axillary tendrils that 
represent modifi ed axes of the infl ores-
cences or part of infl orescences, less 
often erect shrubs or trees. Woody 
stems often with anomalous secondary 
growth. Vessels mostly with simple 
perforations, but in Soyauxia exclu-
sively with  scalariform perforations, 
and in Androsiphonia and Mitostemma 
glasiovii with some amount of scalari-
form plates; lateral pitting usually alter-
nate, but in Soyauxia scalariform and 
opposite. Fibers with bordered pits. 
Rays of various types. Axial paren-
chyma usually apotracheal. Nodes tri-
lacunar. Leaves alternate, entire or often 
palmately lobed, rarely compound, 
often with nectary glands on the peti-
ole; stipules often small, sometimes 
foliose, then to 7 cm long, often cadu-
cous. Stomata mostly anomocytic. 
Infl orescences axillary cymes or 
racemes, or caulifl orous, or the fl owers 
solitary, rarely the middle fl ower 
replaced by a hook. Flowers bisexual or 
rarely unisexual, actinomorphic, mostly 
with fl at or tubular hypanthium, often 
with elongate androgynophore. Sepals 
(3-)5(-8), free or sometimes basally 
connate, imbricate, persistent. Petals as 
many as sepals, free or basally connate 
(connate in tube around the gynoecium 
in Androsiphonia), imbricate, rarely 
wanting or very rudimentary. Extra-
staminal corona (poorly developed in 
Adenia) of one or more series of fi la-
ments or scales present. Stamens mostly 
fi ve, less often more (numerous in 
Smeathmannia, Soyauxia, and Barteria) 
or four, usually alternate with the pet-
als; anthers dorsifi xed, introrse; anther 
epidermis persistent. Pollen grains 
3–12-colporate. Nectary disc of sta-
minodial origin often present around 
the ovary. Gynoecium of (2)3(-5) car-

pels; stylodia mostly free or connate 
only at the base, each with a capitate to 
clavate or discoid stigma, rarely 
(Barteria and Crossostemma) stylodia 
united into a simple style; ovary supe-
rior, unilocular with more or less 
numerous, orthotropous to anatropous 
ovules borne on parietal placentas; 
micropyle bitegmic or zig-zag. Fruits 
loculicidal or irregularly decaying cap-
sules or berries, rarely fl eshy with 
irregular, apical dehiscence. Seeds 
usually much-compressed, with bony, 
pitted testa and mostly with a fl eshy, 
apical aril; endotesta short-palisade, 
crystalliferous, lignifi ed or not; embryo 
large, straight, spatulate, embedded in 
the copious, oily, rarely ruminate 
(Passifl ora foetida) endosperm. 
Usually producing cyclopentenoid 
cyanohydrin glycosides dominated by 
transdioxygenes; alkaloids, ellagic 
and gallic acids present or absent, 
n = 6–7, 9–12.. . . 8. passifloraceae.

5 Flowers without extrastaminal corona.
7 Stamens usually 5.

8 Ovules at the top of the columnar. 
Deciduous shrubs or small trees. 
Vessel elements narrow and long, 
with scalariform plates that have 
numerous (up to 20 or more) bars. 
Fibers with bordered pits. Lateral 
 pitting scarce. Rays uniseriate, 
homogeneous. Axial parenchyma 
absent. Leaves alternate, simple, 
petiolate, entire, ovate, with small 
caduceus (lanceolate) stipules. 
Stomata anomocytic. Flowers in 
axillary, umbellate, long peduncu-
late, globose infl orescence, small, 
actinomorphic. Extrastaminal disc 
present; 5–7 glands opposite the 
corolla members. Sepals 5–7, lin-
ear, pubescent sepals shortly con-
nate at the base, valvate, persistent. 
Petals 5–7, very similar to the 
sepals, valvate, persistent. Stamens 
as many as and alternate with the 
sepals, persistent, erect in bud, free; 
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anthers 2-locular, opening longitudi-
nally. Staminodes 5–7, in the same 
series as the fertile stamens, or inter-
nal to the fertile stamens. Pollen 
grains 3-colporate. Gynoecium of 
three carpels with simple style ter-
minated by small capitate stigma. 
Ovary superior, 1-locular above, per-
fectly 3-locular at the base, with two, 
ascending ovules per carpel but only 
one developing. Fruits tardily dehis-
cent 1-locular, tomentose, 1-seeded 
capsules. Seed small, oblong with a 
persistent style, surrounded by the 
persistent calyx, corolla and androe-
cium; seed coat with palisade tissue 
underneath collapsed polygonal 
cells.  . . . . . 6. dipentodontaceae.

8 Placentation parietal.
9 Petals 5.

10 Anthers basifi xed. Shrubs or 
herbs (mostly perennial), less 
often small trees or scandent. 
Vessels with scalariform or (espe-
cially in herbs) simple per-
forations; lateral pitting from 
opposite to scalariform, some-
times alternate. Fibers with sim-
ple or bordered pits, septate. 
Axial parenchyma absent or 
very scanty. Leaves alternate or 
sometimes opposite (some spe-
cies of Hybanthus and Rinorea) 
simple, entire or toothed, rarely 
lobed, with leafy or small stipules. 
Stomata paracytic or anisocytic. 
Infl orescences axillary racemes, 
spikes, panicles or the fl owers 
solitary. Flowers actinomorphic 
or more or less zygomorphic, 
bisexual or rarely polygamous or 
dioecious. Sepals fi ve, often per-
sistent, imbricate, or open in bud. 
Petals fi ve, imbricate or con-
torted, clawed or sessile, in zygo-
morphic fl owers unequal, the 
lowest one usually prolonged 
behind into a spur. Stamens fi ve 
(three in Leonia triandra), alter-

nating with the corolla; fi laments 
very short, free or more or less 
connate; anthers usually more or 
less connivent in a ring around 
the ovary, introrse, with a con-
nective often prolonged into a 
membranous appendage, open-
ing longitudinally. Pollen grains 
3(-5)-colporate. Gynoecium of 
(2)3–5 carpels, with stylodia 
united into a style; the stigma 
simple or lobed. Ovary superior, 
unilocular, with 1–2 or many, 
anatropous ovules on (2)3–5 
parietal placentas. Fruits loculi-
cidal and valvular capsules or 
sometimes berries, rarely 
(Leonia) nutlike. Seeds winged 
or wingless, with straight, green 
(some species of Viola) embryo 
and fl at cotyledons surrounded 
by copious, oily, rarely scanty 
endosperm, often arillate. Contain 
fl avonols (kaempferol and quer-
cetin), alkaloids present or absent, 
inulin recorder in Ionidium; n = 
6–13,17, 21, 23.. . 5. violaceae.

10 Anthers dorsifi xed. Herbs, 
shrubs, or rarely trees, erect or 
decumbent, usually with glandu-
lar or non-glandular trichomes. 
Vessels with simple or less often 
with simple or scalariform perfo-
rations; lateral pitting alternate. 
Rays heterogeneous or homoge-
neous. Axial parenchyma apotra-
cheal. Leaves alternate, simple, 
entire or lobed, often with two 
glands or extrafl oral nectaries at 
the back of the lamina; stipules 
small (Erblichia), or lacking 
(usually, but often with a pair of 
glands or extrafl oral nectaries 
at the base of the blade). Stomata 
of various types. Infl orescences 
axillary racemes or cymes or 
fl owers solitary. Flowers bisexual, 
actinomorphic, with a short to 
more often tubular hypanthium, 
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often subtended by two bracte-
oles. Calyx tubular, 5-toothed, 
teeth imbricate. Petals fi ve, 
inserted on the calyx tube, free, 
clawed, contorted in bud, usually 
ephemeral. Hypanthium some-
times with fringed corona or fi ve 
glands or lobes between corona 
and androecium. Stamens fi ve, 
alternating with the corolla, free 
or partially attached in throat of 
hypanthium. Pollen grains in 
monads, usually 3-colporate. 
Gynoecium of three carpels; sty-
lodia free, opposite the placentas, 
sometimes bifi d, often with a 
fringed or brushlike commissural 
stigma; ovary superior or some-
times semi-inferior, 1-locular; 
ovules numerous on each parietal 
placenta, anatropous. Fruits cap-
sules, opening loculicidally into 
three valves with the  placenta in 
the middle of each. Seeds pitted, 
arillate, endotestal cells large, 
exotegmen palisade; embryo 
large, straight or weakly curved, 
endosperm copious, oily; coty-
ledons two, planoconvex. 
Producing cyclopentenoid cyano-
hydrins glycosides, linamarin, 
and sometimes alkaloids, n = 5, 
7, 8(10), 13. . . 9. turneraceae.

9 Petals six. Small dioecious trees with 
soft wood. Vessels with very oblique 
end walls but usually with simple 
perforations. Lateral pitting alter-
nate. Fibers with strongly thickened 
walls and with large bordered pits 
and numerous thin cross-partitions. 
Rays heterogeneous. Axial paren-
chyma nearly or quite wanting. 
Nodes trilacunar. Leaves alternate, 
simple, distichous, serrate or dentate, 
with very small, caducous stipules. 
Stomata paracytic. Infl orescences 
terminal and axillary racemes or 
panicles. Flowers actinomorphic, 
3-merous. Perianth in male fl owers 

tubular, 6-lobed, the lobes in two 
series, imbricate (the outer series 
probably represents a calyx, and the 
inner one a corolla (Swamy 1953). 
Three large, fl eshy nectary glands 
present between the perianth and the 
androecium. Stamens united into a 
column with clavate common pro-
longed apical connective. Anthers 
2-locular, with a prolonged connec-
tive, extrorse, opening longitudi-
nally. Pollen grains 3-colpate. 
Perianth of the female fl owers of 
three free sepals alternating with 
three free petals. Gynoecium of 8–12 
carpels. Stigma sessile, thick, dis-
coid, with as many radiating ridges 
as carpels and with the aperture in 
the middle. Ovary superior, 1-locu-
lar, more or less septate near the 
summit but unilocular below, with 
numerous (30–100), basal, erect 
ovules on prominent funicles. Fruits 
fl eshy loculicidal capsules, or ulti-
mately dehiscing into 8–12 refl exed 
segments, enclosing numerous 
seeds. Seeds arillate, perisperm 
present in a very thin layer, embryo 
fairly large, straight; endosperm 
rather scanty, oily, cotyledons 2, 
n = 9. . . . . . . 7. scyphostegiaceae.

7 Stamens usually more than fi ve. Trees 
and shrubs, rarely with stellate indu-
mentum (Kiggelaria, Rayania). Vessels 
with scalariform or more often simple 
perforations. Fibers with simple or bor-
dered pits, usually septate. Axial paren-
chyma absent. Leaves alternate or 
rarely opposite (Pseudoscolopia, 
Abatia, Apherema), simple, often dis-
tichous and coriaceous, serrate or entire, 
sometimes pellucid-dotted or lined, 
stipules usually present, often cadu-
cous, rarely absent (Abatia, Bembicia). 
Stomata paracytic or anisocytic. 
Infl orescences axillary, terminal or 
below the leaves, racemes, cymes, 
rarely (Bembicia) in short axillary 
conelike heads surrounded by closely 
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imbricate leathery bracts, the outer ones 
empty; bracteoles 2-keeled, sometimes 
adnate to the midrib with the fl owers 
 epiphyllous (in Phyllobotryon, 
Phylloclinium, Moc querysia). Flowers 
bisexual or unisexual. Perianth parts 
clearly differentiated into sepals and 
petals or rarely (Erythrospermeae) 
poorly differentiated. Sepals imbricate 
or rarely valvate, persistent. Petals 
present or absent (Flacourtieae, 
Casearieae, Bembicieae). Petals with 
an adaxial scale (in some genera of 
Erythrospermeae and in Pangieae). 
Stamens development centrifugally or 
centripetally, numerous or occasionally 
equal in number to the petals, the fi la-
ments distinct or grouped into fascicles 
opposite the petals. Anthers linear to 
about as long as wide, dorsifi xed or 
basifi xed, usually latrorse, sometimes 
the connective produced apically, open-
ing usually longitudinally, or rarely 
(Kigellaria) via pores. Pollen grains 
3(-6)-colporate. Prismatic crystals in 
ray cells usually present (except for 
Poliothyrsis). Hypogenous disc 
extrastaminal or intrastaminal, or sepa-
rate members or annular (Bembicia). 
Gynoecium of 2–10 carpels. Ovary 
superior or rarely (Bembicia) inferior, 
with 2(3)–5(-10) placentas (sometimes 
appearing almost basal) or seldom pla-
centas axile. Stylodia free or united. 
Stigma is not peltate, sometimes api-
cal or rarely stigmas numerous 
(Dendrostigma, Mayna). Ovules 
numerous, pendulous, orthotropous 
or anatropous, or hemianatropous; 
outer integument contributing to the 
micropyle. Fruits various, dry or 
fl eshy, capsule, drupes, or usually 
berries; in Flacourtia the drupes with 
separable pyrenes. Seeds exotegmic, 
often with thin or thick sarcotesta 
(Van Heel 1977), sometimes covered 
with long woolly hairs (Calantica) or 
with long silky hairs (Bivinia and 
Gossypiospermum), winged in 

Poliothyrsis, Itoa, and Carrierea; 
embryo straight, surrounded by oily, 
copious endosperm. Producing cyano-
genic glycosides (Oncobeae, Pangieae, 
and occasionally Erythro spermeae and 
several species of Banara in Prockieae), 
cyclopentenyl fatty acids (‘chaul-
moogra oils’) (Oncobeae, Pangieae, 
Azara, Dovyalis, Flacouria in 
Flacourtieae) (Spencea and Seigler 
1985; Lemke 1988), sometimes pro-
ducing alkaloids, and fl avonols, n = 
10–12.  . . . . . . . . . 1. flacourtiaceae.

4 Flowers sympetalous, monoecious, solitary 
or in fascicles or racemes. Acaulescent 
(Guthriea) or climbing (Ceratosicyos) gla-
brous herbs or (Acharia) small subherba-
ceous pubescent shrublets. Vessels mostly 
with simple perforations. Fibers with sim-
ple pits, sometimes septate. Leaves alter-
nate, sometimes radical, palmately lobed, 
or (Guthriea) unlobed, crenate or serrate, 
without stipules. Infl orescences axillary 
racemes, fascicles or the fl owers solitary. 
Flowers tardily deciduous to deciduous, 
small, actinomorphic. Sepals 3–5, free or 
adnate to the corolla. Petals united into 
3–5-lobed tube, valvate. Stamens 3–5, 
attached to the corolla tube near its base or 
at the throat; anthers basifi xed, with a 
broadly expanded connective, introrse, 
opening longitudinally. Staminodes 3–5, 
short, fl eshy, internal to the fertile stamens. 
Pollen grains 3-colporate. Gynoecium of 
3–5 carpels; stylodia united into a more or 
less deeply lobed style, stigmas 3–5. Ovary 
superior, 1-locular, sessile, with few to 
many ovules on parietal placentas. Fruits 
3–5- valvate capsules. Seeds with small, 
straight embryo and copious, oily 
endosperm; raphe expanded (ridged) in 
Acharia and Guthriea. Producing cyclo-
pentenoid cyanogenic glucoside and cyclo-
pentenyl fatty acids, gynocardin, ellagic 
acid.  . . . . . . . . . . . . . . . 11. achariaceae.

3 Petals mostly absent.
11 Stamens numerous. Deciduous trees, gla-

brous or with an indumentum of long sim-
ple hairs. Bark fi ssured, rough, dark brown. 
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Vessels with exclusively scalariform perfo-
rations; lateral pitting opposite. Fibers non-
septate. Xylem with fi bre tracheids 
(sometimes septate), without libriform 
fi bres. Axial parenchyma apotracheal. 
Leaves alternate, large, simple, leathery, dis-
tichous, entire, with two large pits at the base 
of the blade on the dorsal surface; stipules 
intrapetiolar, free of one another, caducous. 
Stomata anomocytic. Infl orescences clusters 
of short racemes (Peridiscus), axillary, or at 
nodes of fallen leaves, covered with short 
branched hairs. Flowers small, actinomor-
phic, fragrant, pale yellow, bisexual, with 
large, persistent bracteoles. Sepals 4–5(6) in 
Peridiscus or seven in Whittonia, hairy, 
imbricate. Petals fi ve (Soyauxia), otherwise 
absent Stamens 30–100, seated on or around 
the outside of a large, fl eshy, multilobate or 
annular disc; fi laments distinct or irregularly 
connate toward base, fl exuous (versus 
incurved) in Whittonia; anthers 1-locular, 
introrse, opening longi tudinally. Pollen 
grains 3-colporate, reticulate. Gynoecium of 
3–4 carpels; styles 3–4, free, short; ovary 
1-locular, superior (half immersed in disc in 
Peridiscus), glabrous or lanate (Whittonia); 
ovules 6–8, pendulous from the top of a uni-
locular ovary. Fruit drupaceous (known only 
from Peridiscus), or (Soyauxia) capsular, 
fl eshy, large, 1-seeded. Seeds with a small, 
straight embryo lying alongside the copious, 
horny endosperm; the cotyledons two, ovate-
 lanceolate, membranous. Prismatic crystals 
absent. . . . . . . . . . . . . . . . 4. peridiscaceae.

11 Stamen one. Shrubs and small trees. Vessels 
with scalariform perforation plates that 
have numerous bars. Fibers with simple or 
obscurely bordered pits, usually septate. 
Rays heterogeneous. Axial parenchyma 
diffuse. Leaves alternate, simple, entire or 
toothed, distichous, stipules small, cadu-
cous. Stomata more or less distinctly ano-
mocytic. Infl orescences often clustered, 
axillary catkinlike dense spikes or looser 
racemes. Flowers very small, bisexual or 
sometimes polygamous, zygomorphic. 
Sepals absent or (1)2–6, unequal; petals 
absent. Stamen seated on or within a fl eshy 

disc; anther basifi xed, 2-locular, locules 
well separated on an expanded connective, 
or sometimes individually stipitate, open-
ing longitudinally. Pollen grains 3-colpo-
rate. Gynoecium of 2–3 carpels. Stylodia 
united into a style with 2–3 distinct stig-
mas. Ovary 1-locular, superior, with 1–2 
ovules on each parietal placenta. Ovules 
pendulous, anatropous, with rather thick, 
elongate funicle. Fruits 3-valvate capsules, 
with three valvular, 1(-3)-seeded. Seeds 
with brightly colored, oil-rich sarcotesta, 
straight embryo and rather copious, oily 
endosperm; cotyledons two, broad and 
foliar.  . . . . . . . . . . . 3. lacistemataceae.

2 Perianth reduced. Trees or shrubs, sometimes 
shrublets (some arctic and subarctic species of 
Salix). Roots usually forming ectotrophic mycor-
rhizae. Vessels with simple perforations; lateral 
pitting alternate. Fibers with simple pits, occa-
sionally pits with vestigial borders. Rays uniseri-
ate-heterogeneous (Salix and certain species of 
the subgenus Turanga of Populus) or homoge-
neous (most species of Populus and Chosenia). 
Axial parenchyma scanty, terminal, vasicentric, 
or diffuse. Sieve-element plastids of S-type. 
Nodes trilacunar. Leaves alternate, simple, entire, 
dentate, or lobed, with small or sometimes folia-
ceous stipules. Stomata paracytic. Distal end of 
the petiole with one or more closed rings of 
xylem and phloem. Flowers small, axillary to a 
bract, but without bracteoles, in dense erect 
(nearly all species of Salix) or pendulous (Populus 
and Chosenia), unisexual, often precocious cat-
kins (spikes or less often racemes with shortened 
peduncles), dioecious, anemophilous or (most 
species of Salix) secondarily entomophilous. 
Calyx vestigial, in Populus more or less disclike 
in male fl owers and saucer-shaped or cupulate in 
female ones, but in Salix represented by one or 
three (rarely 3–5) small nectary glands that may 
be united into a lobed ring. In Chosenia, how-
ever, there are usually no glands and female 
fl owers are only sometimes provided by two 
small lateral glands. Stamens (4)6–40 (rarely up 
to 60 or even 70) in Populus 1–2, rarely three or 
five (up to 12) in Salix, and 3–6 in Chosenia; 
filaments free (Populus and some spp. of Salix) 
or basally connate, rarely connate throughout. 
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Anthers opening longitudinally. Pollen grains 
2-celled or sometimes (in some species of 
Populus) 3-celled, usually 3- colporate or 
(Populus) inaperturate; in Populus and Chosenia 
pollen dry and dispersed by wind, in Salix pollen 
viscid and dispersed by insects. Gynoecium of 
two, less often of 3–4 (certain species of Populus) 
united carpels; stigmas sessile or on a short style, 
often bifi d or irregularly lobed, carinal (as in 
Populus and many species of Salix) or commis-
sural (as in most species of Salix); ovary supe-
rior, sessile or on a short or rarely long gynophore, 
unilocular, with numerous (Populus) or 2–10 
ovules, in Salix rarely only with one ovule. 
Ovules anatropous, weakly bitegmic (some spe-
cies of Populus) or more often unitegmic, crassi-
nucellate. Fruits 2–4-valvate capsules. Seeds 
minute, enveloped at the base by a tuft of long 
hairs (coma) originating from the placenta; seed 
coat thin, formed by the outer integument; 
embryo large, straight, with well- developed 
cotyledons and hypocotyl and very weakly 
developed radicle; endosperm much reduced or 
absent. Producing special phenolic heterosides 
salicin and populin, only seldom cyanogenic. 
n = 11, 12, 19.  . . . . . . . . . . . . . . 2 salicaceae.

1. FLACOURTIACEAE

Richard ex A.P. de Candolle 1824 (including 
Bembiciaceae R. Keating et Takhtajan 1996, Erythro-
spermaceae Doweld 2001, Gerrardinaceae Alford 
2006, Homaliaceae R. Brown 1818, Poliothyrsidaceae 
Doweld 2001, Prockiaceae Bertuch 1801, Samydaceae 
Ventenat 1808). 82/875. Widespread in the tropics and 
subtropics, with some species in temperate regions.

Erythrospermeae: Erythrospermum, Camptostylus, 
Ahernia, Dasylepis, Scottellia, Rawsonia; oncobeae: 
Mayna, Carpotroche, Grandidiera, Xylotheca, Oncoba, 
Caloncoba, Lindackeria, Poggea, Prockiopsis, 
Buchnerodendron, Peterodendron; pangieae: Chloro-
carpa, Hydnocarpus (Taraktogenos), Eleutherandra, 
Gynocardia, Pangium, Baileyoxylon, Chiangiodendron, 
Trichadenia, Scaphocalyx, Ryparosa, Kiggelaria; 
homalieae: Dissomeria, Calantica, Bartholomaea, 
Homalium, Byrsanthus, Gerrardina, Neopringlea, 
Trimeria; bembicieae: Bembicia; scolopieae: Scolopia, 
Hemiscolopia, Pseudoscolopia, Phyllo botryon, 

Phylloclinium, Mocquerysia; prockieae: Banara, 
Pineda, Prockia, Hasseltia, Hasseltiopsis, Macrohasseltia 
Neosprucea, Pleuranthodendron; flacourtieae: 
Bennettiodendron, Flacourtia, Dovyalis, Tisonia, Azara, 
Ludia, Xylosma, Poliothyrsis, Carrierea, Itoa, Idesia, 
Olmedlella, Priamosia; abatieae: Abatia, Aphaerema; 
samydeae (casearieae): Casearia (including 
Synandrina), Bivinia, Euceraea, Hecatostemon, Osmelia, 
Pseudosmelia, Laetia, Neoptychocarpus, Ophiobotrys, 
Lunania, Ryania, Samyda, Tetrathylacium, Zuelania, 
Lasio chlamys, Trichostephanus.

Closely related to the Berberidopsidaceae, especially 
through the most archaic tribe Erythrospermeae, which 
is characterized by very primitive wood anatomy as well 
as by sepals and petals usually spirally arranged and 
often indistinguishable from one another. There are also 
similarities with Stachyuraceae (Theales) and 
Elaeocarpaceae (Elaeocarpales). A rather heterogeneous 
family whose taxonomic boundaries are not quite clear 
and have been variously circumscribed. It is especially 
diffi cult to draw a clear-cut boundary between the 
Flacourtiaceae and Passifl oraceae (Passifl orales). The 
tribes Paropsieae and Abatieae occupy a somewhat 
intermediate position between these two families. They 
differ from the typical Flacourtiaceae by the presence of 
the extrastaminal corona (weakly developed in the 
Abatieae), wood- anatomical (Metcaife and Chalk 1950) 
and palynological (Keating 1973) features and stand 
nearer to the Passifl oraceae. Lemke (1988) excludes 
both of these tribes from the Flacourtiaceae. The correct 
position of the Prockieae is somewhat in doubt. Evidence 
from xylem anatomy (Miller 1975) and pollen morphol-
ogy (Keating 1973) suggests that the Prockieae are 
allied to both the Flacourtiaceae and the Elaeocarpaceae, 
thus representing a link between these two families (see 
Lemke 1988). Hutchinson (1967) placed the tribe 
Prockieae in the Tiliaceae s. 1. (including the 
Elaeocarpaceae). According to Miller (1975), a com-
parison of the xylem anatomy of Tiliaceae and 
Elaeocarpaceae with the secondary xylem of the tribe 
Prockieae suggests a close alliance between the tribe 
Prockieae and the Elaeocarpaceae. The family  occupies 
a basal position in the Violales.

2. SALICACEAE

Mirbel 1815. 3/400. Mainly temperate and cold regions 
of the Northern Hemisphere, but also in southern parts 
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of South America, in South Africa, and in Southeast 
Asia. Absent in New Guinea and Australia.

Populus, Salix, Chosenia
Very closely related to the Flacourtiaceae, espe-

cially to Idesia and Itoa (Hallier 1908, 1911, 1912; 
Holden 1912; Gobi 1916; Cronquist 1957, 1981, 1988; 
Takhtajan 1959, 1966, 1987; Thorne 2001), but differs 
in unisexual fl owers, reduced perianth, infl orescences 
and exotestal seeds. Affi nity with the Flacourtiaceae is 
confi rmed by wood anatomy (Gzyrian 1952, 1955; 
Miller 1975), pollen morphology (Keating 1973) and 
uredinological data (Holm 1969) as well as by chemi-
cal data (salicin in Salicaceae and Idesia and some 
other fl acourtiaceous genera).

3. LACISTEMATACEAE

C. Martius 1826. 2/14. West Indies and tropical 
America from southern Mexico to southeastern Brazil, 
Paraguay, Uruguay, and Argentina.

Lacistema, Lozania
Very close to the Flacourtiaceae, especially to the 

Erythrospermeae. Although wood structure is rather 
primitive, the fl oral morphology is highly specialized.

4. PERIDISCACEAE

Kuhlmann 1950. 3/11. Northern Brazil and Venezuela 
(Peridiscus, 1), Guyana (Whittonia, 1); Soyauxia (9) in 
West Africa.

Peridiscus, Whittonia, Soyauxia
Related to the Flacourtiaceae, especially to the 

Erythrospermeae.

5. VIOLACEAE

Batsch 1802 (including Alsodeiaceae J.Agardh 1858, 
Leoniaceae A.L.P.P. de Candolle 1868). 20/900. 
Cosmopolitan, mostly in tropical and subtropical 
regions, but with many representatives of the largest 
genus Viola (500) in temperate regions. The archaic 
genus Rinorea (about 300) is pantropical and espe-
cially characteristic of rain forests.

5.1 VIOLIOIDEAE
Flowers actinomorphic to zygomorphic. Petals 
imbricate. Filaments free or more or less connate. 

Anthers introrse. Fruits capsules or berries. – rinoreae: 
Rinorea, Allexis, Gloeospermum, Melicytus (includ-
ing Hymenanthera), Isodendrion, Rinoreocarpus, 
Decorsella, Amphirrhox, Hekkingia, Paypayrola; 
violeae: Hybanthus, Agatea, Anchietea, Corynostylis, 
Mayanaea (including Orthion), Schweiggeria, Noisettia, 
Viola.

5.2 LEONIOIDEAE
Flowers actinomorphic. Petals quincuncial or imbri-

cate. Filaments united into a tube. Fruits nutlike. – 
Leonia.

5.3 FUSISPERMOIDEAE
Petals convolute. – Fusispermum.

6. DIPENTODONTACEAE

Merrill 1941. 1/1. Eastern Himalayas, northeastern 
India, northern Burma, southeastern Tibet, southwest-
ern China.

Dipentodon.
Despite a free-basal placenta this family is probably 

related to the Flacourtiaceae as suggested by 
T.A. Sprague (see Metcaife and Chalk 1950: 126). 
Pollen grains are fl acourtiacean (Lobreau 1969; 
Lobreau-Callen 1982). The perianth of Dipentodon 
also resembles that of some genera of the tribe 
Homalieae. Dipentodontaceae are rather isolated 
within the Violales and Wu et al. (2002) recognized a 
separate order Dipentodontales in Dilleniidae.

7. SCYPHOSTEGIACEAE

Hutchinson 1926. 1/1. Borneo.
Scyphostegia.
Probably derived from the Flacourtiaceae (Metcalfe 

1956; Takhtajan 1966; Van Heel 1967).

8. PASSIFLORACEAE

A.L. de Jussieu ex Roussel 1806 (including Modeccaceae 
Horaninow 1847, Paropsiaceae Dumortier 1829, 
Smeathmanniaceae Martius ex Perleb 1838). 17/700–
750. Widely distributed in tropical, subtropical, and 
warm-temperate regions, especially in tropical America 
and Africa.
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paropsieae: Smeathmannia, Barteria, Paropsia, 
Paropsiopsis, Androsiphonia, Viridivia;. passifloreae: 
Ancistrothyrsus, Passifl ora (including Tetrapathaea), 
Hollrungia, Mitostemma, Dilkea, Basananthe (including 
Tryphostemma), Schlechterina, Crossostemma, Adenia, 
Deidamia, Efulensia.

Derived from the Flacourtiaceae through the archaic 
tribe Paropsieae and so close to them that it is diffi cult 
to draw a clear taxonomic boundary between these two 
families. The family Passifl oraceae or its immediate 
ancestor was the basal stock from which Turneraceae, 
Malesherbiaceae, Caricaceae, and Achariaceae as 
well as the order Cucurbitales arose. In contrast to 
Flacourtiaceae, which usually produce the dihydroxylated 
derivative gynocardin, cyclopentenoid cyanohydrin 
glucosides are typical of Passifl oraceae (Jaroszewski 
and Olafsdottir 1987).

9. TURNERACEAE

Kunth ex A.P. de Candolle 1828 (including Piriquetaceae 
Martynov 1820). 10/150. Subtropical and tropical parts 
of America and Africa, Madagascar, and Rodriguez 
Island (Mathurina).

Mathurina, Erblichia, Stapfi ella, Loewia, Tricliceras, 
Hyalocalyx, Streptopetalum, Adenoa, Piriqueta, Turnera.

Very close to the Passifl oraceae and Malesherbiaceae 
and produce structurally related cyanogens. The 
Turneraceae seem to be similar to the Malesherbiaceae 
and the primitive members of the Passifl oraceae in pro-
ducing only four basic cyclopentenoid rings (Spencer 
et al. 1985). But their fl owers have no extrastaminal 
corona (very narrow corona only in Piriqueta and 
Erblichia), and their petals are contorted in the bud.

10. MALESHERBIACEAE

D. Don 1827. 1/24. Western South America: Pacifi c 
coastal desert and adjacent arid Andes of Chile (includ-
ing Atacama), Peru, and Argentina.

Malesherbia.
Very close to the Passifl oraceae and Turneraceae 

and have structurally related cyanogens and possess 
similar hydrolytic enzymes (Spencer and Seigler 
1985). Differ mainly in contorted petals. They have 
both extrastaminal corona and androgynophore, but 
seeds are without arils.

11. ACHARIACEAE

H. Harms 1897. 3/3. Warm-temperate South Africa 
(Cape Province, centered in the eastern Cape).

Acharia, Ceratosicyos, Guthriea.
Closely related to the Passifl oraceae, which is sup-

ported also by chemical data (the presence of the 
cyclopentenoid cyanogenic glucoside and gynocar-
din). From the Passifl oraceae they differ mainly in 
sympetalous corolla (“a feature not often associated 
with a unisexual condition, except in Cucurbitaceae 
and in a few genera of Euphorbiaceae,” according to 
Hutchinson [1969: 221]).

12. APHLOIACEAE

Takhtajan 1985. 1/1–4–8. Tropical East Africa, Madagascar, 
Comoros, Seychelles, Mascarene Islands.

Aphloia (Neumannia).
Rather isolated family, which probably related to 

Flacourtiaceae.
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Order 67. ELAEOCARPALES

Trees or shrubs, pubescent with unicellular or glandu-
lar hairs. Mucilage cavities and canals absent, but 
mucilage cells are known to occur. Vessels usually 
with simple and oblique perforation plates, but some 
vestigial scalariform perforations with a few bars occur 
in Aristotelia, Vallea and Tremandra): lateral pitting 
large, typically opposite, occasionally alternate or 
transitional to alternate in some genera. Fibers with 
small bordered pits (the borders sometimes very incon-
spicuous) or with simple (Platytheca and Tremandra) 
pits, mostly septate. Rays markedly heterogeneous, 
mixed uniseriate and pluriseriate, the latter often with 
long ends. Axial parenchyma paratracheal or some-
times absent, in Tremandreae diffuse to vasicentric, in 
narrow sheaths around the vessels, confl uent, and dif-
fuse in Echinocarpus. Phloem not stratifi ed. Sieve-
element plastids of S-type. Nodes trilacunar or 
unilacunar with one trace. Cells of the epidermis 
 frequently mucilaginous. Leaves alternate or sometimes 
opposite, simple, entire, crenate, serrate, or denticu-
late, stipulate or very rarely estipulate; stipules persis-
tent or caducous. Stomata paracytic, encyclocytic, or 
(Tremandreae) anomocytic. Flowers in racemes, pani-
cles, or in dichasia, rarely solitary in the axils, bisexual 
or sometimes polygamous, actinomorphic, often apet-
alous. Sepals 4–5, free or more or less connate, valvate 
or less often imbricate. Petals 4–5, free or rarely basally 
connate, rarely united high up into a corolla crenate-
dentate at the apex, entire, lobed, dentate, incised, or 
laciniate, valvate or seldom imbricate, sometimes 
wanting. Annular extrastaminal nectary disc with lobes 
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opposite petals present in Tremandra. Stamens numer-
ous or very 12–8, free, originating centrifugally, often 
weakly grouped into fi ve antesepalous clusters, inserted 
on a lobed or annular disc (large and 5-lobed in 
Sericolea) or enlarged receptacle that is sometimes 
more or less elongated to form an androgynophore; 
anthers introrse, except Sloanea, which has lartorse, 
extrorse and introrse anthers in the same fl ower 
(Matthews and Endress 2002), basifi xed, tetrasporan-
giate, generally relatively large and linear, often with a 
conspicuously prolonged connective, opening only 
apically, by two short slits or pores in Aristotelia, 
Sloanea and Vallea, or by a single pore in Elaeocarpus, 
Crinodendron, and Tremandreae (Matthews and 
Endress 2002). Tapetum secretory. Microsporogenesis 
simultaneous. Pollen grains 2-celled, small, globose, 
usually 3-colporate. Gynoecium of 2–5 united carpels; 
stylodia united into a simple or shortly lobed style. 
Ovary 2–5-loculed (in Peripentadenia two of three 
loculi becoming abortive), with 2-many ovules per 
locule, rarely (Platytheca) with solitary ovule; placen-
tation secondarily axile. Ovules anatropous, bitegmic, 
crassinucellate, with zig-zag micropyle and endothe-
lium; unicellular hairs on ovules are present in 
Elaeocarpus and Platytheca. Endosperm nuclear. 
Fruits loculicidal, sometimes also septicidal capsules, 
spiny or nor, or less often drupaceous or baccate. Seeds 
massive to very small, sometimes (Peripentadenia, 
Echinocarpus, Sloanes spp) with an aril arising from 
the raphe and chalazal end of the seed or from the cha-
laza only, the appendage differentiates as an elaiosome 
in Tetratheca and Tremandra (Boesewinkel 1999); 
exotegmen fi brous; embryo straight or strongly curved; 
endosperm more or less copious, oily or proteinaceous. 
Often producing pyrrolizidine and tropane alkaloids, 
ellagic acid, n = 12, 14, 15.

The Elaeocarpaceae are usually included in the 
Malvales near the Tiliaceae. However, from the 
Tiliaceae and related families they differ markedly in 
the absence of stellate and peltate trichomes, the 
absence of mucilage cavities or canals, in usually 
septate fi bers with bordered pits, usually opposite lat-
eral pitting of the vessels, paratracheal axial paren-
chyma, unstratifi ed phloem, the absence of nectar 
hairs at the calyx base, the presence of a nectariferous 
disc at the base of the stamens and the presence of 
endothelium, the absence of fatty acids with a cyclo-
propenyl ring, and important differences in seed anat-
omy (according to Corner 1976, the fi brous exotegmen 

denies the immediate affi nity with the Tiliaceae, 
which are characterized by the palisade exotegmen). 
On the other hand, the Elaeocarpaceae share many 
features with the Flacourtiaceae, including gross 
morphology, pollen morphology, and wood anatomy. 
Fibrous exotegmen is typical both of the Flacourtiaceae 
and the Elaeocarpaceae (Corner 1976). Both these 
families have so many external similarities, that 
“members of the Flacourtiaceae are often confused 
with Sloanea” (Cronquist 1981: 349). Elaeocarpaceae 
are especially allied to the Prockieae (particularly to 
Prockia and Hasseltia according to Schumann 
[1895]). According to recent molecular and morpho-
logical studies Tremandraceae are nested within 
Elaeocarpaceae (Savolainen et al. 2000; Doweld 
2001; APG II 2003). In my opinion, Platytheca, 
Tetratheca, Tremandra constitute a separate tribe in 
the Elaeocarpaceae.

1. ELAEOCARPACEAE

A.L. de Jussieu 1824 (including Aristoteliaceae 
Dumortier 1829, Tetrathecaceae R. Brown 1814, 
Tremandraceae R. Brown ex A.P. de Candolle 1824). 
12/625. Madagascar, Mauritius, Socotra, eastern 
Himalayas, India, eastern Asia and Southeast Asia, 
Moluccas, New Guinea, New Caledonia, New 
Hebrides, Fiji, Samoa, Tonga, and some other Pacifi c 
Islands, Australia, Tasmania, New Zealand, America 
from Mexico to Chile, West Indies.

elaeocarpeae: Peripentadenia, Dubouzetia, Ela-
eocarpus, Aceratium, Sericolea, Crinodendron; aristo-
telieae: Aristotelia; sloaneae: Vallea, Sloanea; 
tremandreae: Platytheca, Tetratheca, Tremandra.
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Order 68. CUCURBITALES

Perennial or annual herbs, rarely soft-wooded lianas, 
or less often shrubs and trees. Vessels with scalariform 
or simple perforations. Rays heterogeneous. Axial 
parenchyma paratracheal. Sieve-element plastids of 
S-type. Nodes trilacunar. Leaves alternate, usually pal-
mately lobed, sometimes palmately compound with 
three or more leafl ets, stipulate or less often estipulate. 

Stomata mostly anomocytic. Flowers in axillary or less 
often terminal infl orescences, sometimes reduced to a 
solitary, nearly always unisexual (monoecious or 
dioecious), rarely bisexual usually actinomorphic. 
Calyx (3-)5(6–8)-lobed, imbricate or open. Corolla 
more or less deeply (3-)5(6–8)-lobed, valvate or indu-
plicate-valvate. Stamens three, less often 5(1–5), or 
numerous, free or sometimes more or less connate; 
anthers tetrasporangiate or disporangiate, extrorse, 
opening longitudinally or rarely by pores. Tapetum 
secretory. Microsporogenesis simultaneous. Pollen 
grains 2-celled, of various types, the most primitive 
ones are 3-colpate or 3-colporate. Nectaries in both 
the male and female fl owers commonly present. 
Gynoecium of (3-)4–5(-8) united carpels or rarely 
secondary monomerous; stylodia usually more or less 
united into a style. Ovary inferior or very rarely semi-
inferior, basically 1-locular; ovules numerous or rarely 
(Sicyoeae) solitary, anatropous, bitegmic, crassinucellate. 
Female gametophyte of Polygonum-type or of Allium-
type. Endosperm nuclear. Fruits berries or pepos, less 
often dry or fl eshy capsules. Seeds usually numerous, 
rarely solitary, mostly with thick, woody exotesta and 
papery endotesta, commonly compressed and some-
times even winged; embryo straight, with two large fl at 
cotyledons; endosperm wanting or vestigial. Bitter 
substances known as cucurbitacins are widespread.

Closely related to the Violales, especially to the 
Passifl oraceae.

Key to Families
1 Fruits usually baccate, rarely (Zanona) capsules. 

Perennial herbs with swollen, tuberous rootstock 
formed by swelling of hypocotyl, or less often 
annuals, mostly climbing or prostrate, rarely soft-
wooded lianas, very rarely (monotypic Socotran 
genus Dendrosicyos) small trees with soft and juicy 
stem. Herbaceous species usually with spirally 
coiled (often branched) tendrils at the side of each 
leaf base, which represent modifi ed shoots with 
lower part corres ponding to the stem and upper 
twining portion cor responding to highly modifi ed 
foliage; the tendrils sometimes modifi ed into spines 
or wanting. Glandular hairs are very characteristic, 
but simple unicellular or uniseriate hairs as well as 
wartlike or spiny trichomes also occur. Calcareous 
cystoliths and similar bodies occur, usually at the 
bases of the hairs or in nearby cells. Vascular bun-
dles of the stem are predominantly bicollateral and 
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frequently arranged in two rings. Anomalous struc-
ture is fairly frequent in thick stems and roots. 
Leaves alternate, usually palmately lobed, some-
times palmately compound with three or more leaf-
lets, estipulate. Petioles usually with a crescent or 
ring of unequal vascular bundles, the larger ones 
bicollateral. Flowers in axillary infl orescences that 
are sometimes reduced to a solitary, nearly always 
uni sexual (monoecious or  dioecious), very rarely 
bisexual (sometimes in the eastern asiatic genera 
Actinostemma and Schizopepon), usually actino-
morphic, mostly 5-merous. The perianth together 
with the bases of stamens forms a fl oral tube (hypan-
thium) that is shortly or strongly prolonged beyond 
the ovary. Calyx (3-)5(6)-lobed, imbricate or open. 
Corolla more or less deeply (3-)5(6)-lobed, valvate 
or induplicate-valvate. Stamens three or less often 
5(1–5), inserted on the lower part of the hypanthium 
and alternating with the corolla lobes; fi laments 
more or less free, as in Fevillea, or more often vari-
ously united, as also the anthers; anthers straight or 
arcuate to triplicate or contorted, when three in 
number usually two tetrasporangiate and disporan-
giate, when fi ve in number all disporangiate, 
extrorse, opening longitudinally. Pollen grains 
2-celled. Nectaries in both the male and female 
fl owers commonly present. Gynoecium of 3 (4–5) 
united carpels or rarely secondary monomerous 
(Cyclanthera and related genera); stylodia usu-
ally more or less united into a style; stigmas as many 
as carpels, usually forked, commissural. Ovary 
inferior or very rarely semi- inferior, basically 1-loc-
ular, mostly almost completely fi lled with much 
enlarged placentas, which are sometimes joined in 
the center making the ovary plurilocular, usually 
with numerous ovules or rarely (Sicyoeae) ovule 
solitary. Female gametophyte of Polygonum-type. 
Chalazal end of the female gametophyte usually 
developing into a tubular aggressive haustorium of 
various lengths. Fruits berries or pepos (fi rm-
walled berries with hardened pericarp), less often 
dry or fl eshy capsules, or leathery and  indehiscent. 
Seeds usually numerous, rarely solitary, mostly 
with thick, woody exotesta and papery endotesta, 
commonly compressed and sometimes even 
winged; in some genera with a false scarlet aril 
(placental tissue – Corner 1976); embryo straight, 
with two large fl at cotyledons; endosperm wanting 
or vestigial, n = 7(8)-14.  . . . . . 1. cucurbitaceae.

1 Fruits capsules, dehiscing apically, rarely berry-like.
2 Leaves simple, entire, dentate or deeply lobed, or 

pinnate, often asymmetrical, estipulate. Stomata 
anomocytic. Vessels with simple perforations; lat-
eral pitting alternate. Fibers with minute simple 
pits. Rays heterogeneous. Axial parenchyma para-
tracheal, scanty. Flowers more or less actinomor-
phic, dioecious or in Datisca glomerata functionally 
androdioecious. Sepals 3–8, mostly unequal. Petals 
only in male fl owers of Octomeles, 6–8, small, 
free, valvate, inserted on the calyx, in the other 
genera wanting in both the male and female fl ow-
ers. Staminodia generally wanting, but pistillodia 
sometimes present. Stamens of the same number 
as the sepals and opposite them, or more numerous 
(up to about 25). Anthers 2-locular, opening longi-
tudinally. Gynoecium of 3–8 carpels; ovary infe-
rior, 1-locular. Operculum without collar cells. 
Fruits capsules. Perennial herbs or very large trees.
3 Perennial herbs engaging in a nitrogen-fi xing 

symbiosis with the actinomycetes Frankia. 
Leaves pinnate or pinnatifi d, with long nar-
row caudate-acuminate pinnae. Infl orescences 
greatly shortened with fl owers appearing axil-
lary. Stamens sessile, indefi nite in number, 
without defi nite arrangement in regard to the 
sepals; fi laments very short, slender; anthers 
large, straight, oblong. Styles elongate-subu-
late, densely papillate from base to apex, with 
slender bifurcating stigmas. Capsules opening 
apically between the persistent stylodia. Seeds 
with lid, exotegmic cells large, cuboid; 
endosperm slight; Producing unusual B-ring 
unsubstituted and 2'-hydroxylated fl avonols. 
n = 11. . . . . . . . . . . . . . . . . . .1. datiscaceae.

3 Large or very large trees, often buttressed, 
with soft wood; hairs glandular or lepidote. 
Nodes with two traces from the lateral gaps. 
Leaves simple, cordate-ovate (sometimes 
obliquely), entire or dentate, pubescent or 
lepidote, long-petiolate, palmately 3–5-veined. 
Flowers in long, pendant axillary spikes or 
panicles. Stamens isomerous with and oppo-
site to the petals; fi laments elongate, some-
what fl attened-subulate; anthers relatively 
short and ovoid, or, if larger and more or less 
oblong, then conspicuously recurved. Styles 
shorter or very short, stout, with large, capitate 
or obliquely oblong-decurrent stigmas. Fruits 
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septicidal capsules, opening down the sides. 
Seeds small, numerous, winged (Tetrameles). 
Producing simple fl avonols, kaempferol, and 
quercetin. n = ca. 23.  . . .2. tetramelaceae.

2 Leaves simple, often palmately lobed, with 
mostly large stipules, usually asymmetrical, 
mostly distichous. Nodes swollen. Stomata sur-
rounded by 3–6 subsidiary cells, these often 
arranged in two rings. Vessels with simple or 
(and) scalariform perforations with many bars; 
lateral pitting scalariform. Flowers often some-
what zygomorphic, monoecious. Sepals in male 
fl owers two, rarely fi ve, free or connate, valvate, 
in female fl owers usually 2–5, rarely 6–8, imbri-
cate; sepals (calyx lobes in female fl owers) free, 
but in Begoniella and in female fl owers of 
Symbegonia united into a tube. Petals absent or 
(Hillebrandia and Begoniella) very small and 
rudimentary. Stamens four (Begoniella) or numer-
ous, in many cycles, free or more or less connate; 
anthers basifi xed, opening by longitudinal slits or 
rarely by apical pores. Gynoecium of (2)3(6) car-
pels; stylodia free or sometimes basally connate, 
usually deeply bifi d; stigmas often twisted; ovary 
inferior or (Hillebrandia) semi-inferior, 1- locular 
(Hillebrandia and Begonia sect. Meziera) or sec-
ondary 2–4-locular. Ovules with zig-zag micro-
pyle. Fruits capsules (loculicidal or in Hillebrandia 
opening at apex between the stylodia) or rarely 
berries. With  collar cells arranged in a transverse 
ring around the operculum. Rather succulent 
herbs or subshrubs with often jointed stems, 
usually from thick rhizomes or tubers; present 
sclereids and uncalcifi ed cystoliths, some climb 
with the aid of aerial roots. Plants tanniniferous, 
n = 10–21 +. . . . . . . . . . . . . . . . 3. begoniaceae.

1. CUCURBITACEAE

A.L. de Jussieu 1789 (including Bryoniaceae G. Meyer 
1836, Cyclantheraceae Lilja 1870, Fevilleaceae 
L. Pfeiffer 1879, Nhandirobaceae Lestibudois 1826, 
Zanoniaceae Dumortier 1829). 123/800–900. Widely 
distributed in tropics and subtropics, especially in the 
rain forests of South America and the drier parts of 
Africa, with relatively few species in Australasia and 
the temperate regions.

Classifi cation after C. Jeffrey (2005).

1.1 NHANDIROBOIDEAE
Tendrils two-branched from near the apex, spiraling 
above and below the point of branching. Perennial, 
dioecious herbs. Gynoecium with two or three  stylodia. 
Pollen grains small, striate, and uniform. Ovules 
 pendulous. Seeds often winged, n = 8. – zanonieae: 
Fevillea, Alsomitra, Bayabusua, Zanonia, Siolmatra, 
Gerrardanthus, Zygosicyos, Xerosicyos, Neoalsomitra, 
Hemsleya, Gomphogyne, Gynostemma, Bolbostemma, 
Actinostemma, Sicydium, Chalema, Pteropepon, 
Pseudosicydium Cyclantheropsis.

1.2 CUCURBITOIDEAE
Tendrils unbranched or two-to seven-branched from 
the lower part, spiraling only above the point of branch-
ing. Often annual, monoecious herbs. Stylodia united 
into a style. Pollen grains colpate and (panto)porate. 
Seeds unwinged, n = (7)8–14. – joliffieae: Baijiania, 
Indofevillea, Sinobaijiania, Siraitia, Microlagenaria, 
Thladiantha, Momordica, Telfairia, Odosicyos; 
 bryonieae: Bryonia, Ecballium; trichosantheae: 
Hodgsonia, Ampelosicyos, Tricyclandra, Gymnopetalum, 
Trichosanthes; herpetospermeae: Biswarea, 
Herpetospermum, Edgaria; schizopeponeae: 
Schizopepon; luffeae: Luffa; sicyeae: Hanburia, 
Echinopepon, Apatzingania, Marah, Echinocystis, 
Vaseyanthus, Brandegea, Elateriopsis, Pseudocyclanthera, 
Cyclanthera (including Cremastopus), Rytidostylis, 
Sicyos, Sicyosperma, Parasicyos, Microsechium, 
Sechium, Sechiopsis (including Pterosicyos); conian-
dreae: Kedrostis, Dendrosicyos, Corallocarpus, 
Ibervillea, Tumamoca, Halosicyos, Ceratosanthes, 
Doyerea, Trochomeriopsis, Seyrigia, Dieterlea, 
Cucurbitella, Apodanthera, Guraniopsis, Melothrianthus, 
Wilbrandia, Helmontia, Psiguria, Gurania; benin-
caseae: Solena, Borneosicyos, Papuasicyos, Trochomeria, 
Dactyliandra, Ctenolepis, Peponium, Cephalopentandra, 
Cogniauxia, Ruthalicia, Lagenaria, Benincasa, 
Praecitrullus, Citrullus, Acanthosicyos, Eureiandra, 
Bambekea, Nothoalsomitra, Coccinia, Diplocyclos, 
Raphidiocystis, Lemurosicyos, Zombitsia, Melancium, 
Cucumeropsis, Posadaea, Melothria, Muellerargia, 
Zehneria, Cucumella, Cucumis, Oreosyce, Myrmecosicyos, 
Mukia, Dicoelospermum; cucurbiteae: Cucurbita, 
Sicana, Tecunumania, Calycophysum, Peponopsis, 
Anacaona, Polyclathra, Schizocarpum, Penelopeia, 
Cionosicyos, Cayaponis, Selysia, Abobra.

The Cucurbitaceae are more or less closely related 
to Datiscaceae and Begoniaceae.
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2. DATISCACEAE

Berchtold et J. Presl 1820. 1/2. Crete to western 
Himalayas and from northern Baja California to north-
ern California.

Datisca.
According to Boeswinkel (1984) Datiscaceae (s. l.) 

are less specialized than Begoniaceae because they 
have a larger, less reduced nucellus without strikingly 
swollen epidermal cells and because there is no special 
rupture layer aiding the lifting of the operculum. In 
addition, the vegetative characters of the Datiscaceae 
are less specialized than those of the Begoniaceae.

3. TETRAMELACEAE

Airy Shaw 1965. 2/2. Malay Archipelago, New Guinea, 
New Britain, and Solomon Islands (Octomeles) and 
Sri Lanka, Andaman Islands, Indochina, and Malesia 
(Tetrameles).

Tetrameles, Octomeles.
Close to the Datiscaceae, but suffi ciently well dif-

ferentiated in morphological characters (Airy Shaw 
1965; Davidson 1973, 1976), fl avonoid profi le 
(Bohm 1988) and nucleotide sequence data (Swensen 
et al. 1994) to deserve familial rank.

4. BEGONIACEAE

Berchtold et J. Presl 1820. 4/950. Widespread in tropics 
and subtropics, especially in northern parts of South 
America and in tropical Asia, absent in Australia; 
Begonia (about 900 or more) is widespread; very closely 
related to Begonia is South American Semibegoniella 
with two species in Ecuador; the other two genera are 
Pacifi c (the monotypic Hillebrandia in Hawaii and 
Symbegonia with 13 species in New Guinea).

Begonia, Semibegoniella, Symbegonia, Hillebrandia.
Begoniaceae are rather closely related to the 

Datiscaceae but are more advanced.
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Superorder CAPPARANAE

Order 69. ACANIALES

Evergreen or deciduous trees. Idioblastic and stomatal 
myrosin cells present. Vessels mostly with simple perfo-
rations, but in mature wood occasionally with scalari-
form perforations and with numerous bars, often in 
aberrant arrangements. Fibers with bordered pits. Rays 
heterogeneous. Axial parenchyma scanty and vasicen-
tric. Sieve-element plastids of S-type (Bretschneidera). 
Leaves alternate, imparipinnate, leafl ets entire or ser-
rate; stipules small or reduced. Infl orescences axillary or 
terminal, simple racemes of paniculate, bracts minute or 
lacking. Flowers actinomorphic or somewhat zygomor-
phic, bisexual. Sepals fi ve, imbricate; petals fi ve, longer 
than sepals, clawed or slightly constricted at base, 
contorted or imbricate. Stamens 8–10, free, inserted at 
the base of receptacular cup; fi laments pubescent at 
base. Anthers dorsifi xed or sub-basifi xed, versatile, 
tetrasporangiate, opening longitudinally. Tapetum 
secretory. Microsporogenesis simultaneous. Pollen grains 
2–3-colpate. Gynoecium of 3(5) carpels; style simple, 
slender. Ovary superior, sessile, surrounded by copular 
tube, 3-locular, pubescent, placentation axile; style 
simple, slender; ovules 2–3 in each locule, pendulous, 
anatropous or campylolotropous bitegmic, crassinucellate. 
Female gametophyte of Polygonum-type (Akaniaceae), 
or Allium-type (Bretschneideraceae). Endosperm nuclear. 
Fruits  loculicidal, leathery, pubescent capsules. Seed 
broadly ellipsoid; seed-coat  exo-mesotestal with 
long palisade cells; testa vascularised, mesotesta and 
endoteasta thickened; embryo straight, cotyledons thick; 
endosperm copious or absent, n = 9.
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Morphological date support a relationship Akaniales 
with Tropaeolaceae (Ronse Decraene and Smets 2001; 
Ronse Decraene et al. 2002; Ronse Decraene and 
Haston 2006).

Key to Families
1 Flowers actinomorphic; nectary disc absent. 

Evergreen or deciduous small trees; the freshly cut 
wood and bark with a turniplike odour. Rays very 
wide, multiseriate. Leaves large, imparipinnate, 
coriaceous; petiolules swollen both proximally and 
distally, leafl ets serrate, stipules small, subulate, or 
reduced. Infl orescences axillary, paniculate, bracts 
minute or lacking. Flowers fragrang, white to pink-
ish. Sepals fi ve, imbricate. Petals fi ve, contorted. 
Stamens usually eight, rarely 9–10, the fi ve outer 
ones opposite the sepals; fi laments free; anthers 
dorsi- to sub-basifi xed, latrorse. Gynoecium of 
three united carpels, with simple style and a small 
3-lobed stigma; ovary 3-locular, with two axile, 
superposed, pendulous ovules in each locule. 
Ovules epitropous, anatropous, or hemitropous. 
Fruits 3–6-seeded capsules. Seeds yellow, exaril-
late, with a straight, massive embryo and copious, 
fl eshy endosperm smelling of bitter almonds. 
Present calcium oxalate druses and solitary crystals, 
mustard-oils, proanthocyanidins (cyanidin and del-
phinidin), fl avonols (kaempferol and quercetin), 
producing alkaloids.  . . . . . . . . . . . 1. akaniaceae.

1 Flowers slightly zygomorphic, nectary disc pres-
ent. Myrosin cells and mustard oils present in the 
bark and infl orescences. Small deciduous plants. 
Leaves petiolate, leafl ets entire, estipulate. Flowers 
rather large, pinkish, in erect terminal racemes. 
Calyx of connate sepals, campanulate, 5-toothed. 
Petals fi ve, free, unequal, basally clawed, imbri-
cate. Stamens eight, in two cycles, with slender, 
hairy fi laments attached to the rather thin, annular 
nectary disc; anthers dorsifi xed, introrse, connec-
tive is slightly prolonged, dehiscence is lateral, but 
starts at the apex. Pollen grains 3-colpate or 2-col-
pate. Gynoecium of three (sometimes fi ve) carpels, 
with elongate, curved style and six-lobed stigma; 
ovary 3-locular or sometimes 5-locular, with 2–3 
campylotropous, apical-axile and pendulous ovules 
per locule. Fruits thick-walled, 3–5-locular pubes-
cent capsules. Seeds orange to red; embryo large, 
curved, endosperm lacking. Contain glucosino-
lates.. . . . . . . . . . . . . . . .2. bretschneideraceae.

1. AKANIACEAE

Stapf 1912. 1/1. Eastern Australia from southern coast 
of Queensland to northeastern New South Wales.

Akania.

2. BRETSCHNEIDERACEAE

Engler et Gilg 1924. 1/1. Western and southwestern 
China, northern Vietnam, Thailand, Taiwan.

Bretschneidera.
Closely related to Akaniaceae.
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Order 70. TROPAEOLALES

More or less succulent perennial or annual herbs, 
mostly climbing (petioles twining); perennial species 
with a rhizome, a tuber or corms. Leaves and stems are 
often covered by waxes. Stem with a ring of vascular 
bundles surrounding the large pith and eventually 
becoming connected through the activity of intravas-
cular cambium. Vessels with simple perforations, but 
sometimes also with reticulate or intermediate perfora-
tions. Sieve-element plasdtids of S-type. Nodes trila-
cunar. Leaves alternate (or the lower opposite), more 
or less peltate, entire, more or less lobed to palmately 
divided, with palmate venation, stipules present or 
absent, sometimes present only in the seedling stage, 
stipules mostly small and caducous, but large and leaf-
like in a few species; petioles usually longer than the 
lamina, more or less cirrhose in climbing species. 
Flowers large, solitary, and axillary or rarely in umbel-
late or umbelliform infl orescences, usually with long 
and commonly pendant or subpendant, or rarely erect 
(Magallana) pedicels, usually without bracteoles, 
bisexual, usually strongly zygomorphic, 5-merous. 
Calyx 5-lobed, imbricate or valvate, the adaxial one or 
the adaxial and two lateral ones extended into usually 
long nectariferous spur (much reduced or absent in 
Trophaeastrum). Petals clawed, the three abaxial 
(lower) ones usually different from the other two, often 
with a hairy claw, rarely wanting. Stamens eight in a 
single whorl; fi laments free; anthers small, basifi xed, 

introrse, opening longitudinally. Tapetum secretory. 
Microsporogenesis simultaneous. Pollen grains 
3-celled, 3-colporate or less often 2-colporate, with 
reticulate ornamentation. Gynoecium of three united 
carpels, with slender, terminal, apically trifi d style; 
ovary superior, 3-locular, with a solitary, apical-axile, 
pendulous ovule per locule. Ovules anatropous or 
epitropous, bitegmic, tenuinucellate. Female gameto-
phyte or Polygonum-type. Endosperm nuclear. The 
derivatives of the two uppermost cells of the proem-
bryo divide repeatedly to produce the basal mass of 
cell that gives rise to very aggressive haustorial sys-
tem, at least in Tropaeolum majus. The peripheral cells 
of the basal cell mass, close to the suspensor and on the 
opposite side of the funicle, give rise to a rootlike haus-
torium that penetrates the integuments below the 
micropyle and grows around the ovule in the carpel 
cavity and into the carpel wall; shortly another hausto-
rium arises from the peripheral cells of the basal cell 
masses, close to the funicle, grows through the integu-
ment and funicle, reaches the vascular bundle of the 
placenta and grows along its curvature (Walker 1947; 
Bhalla et al. 1979). Fruits separating into 1-seeded 
fl eshy or dry indehiscent mericarps or (Magellana) not 
separating, broadly 3-winged, with only one mericarp 
maturing; a short carpophore is found in Magellana 
and a rather conspicuous one in Tropaeolum sect. 
Schizotrophaeum. Seeds endotestal; embryo large, 
straight, rich in oil, amyloid and protein, with thick 
cotyledons; endosperm lacking. Contain myrosin cells 
and tard oil; present glucosinolates, erucic and eicose-
nic acids, n = 12–15, 21.

Related to the Capparales.

1. TROPAEOLACEAE

Berchtold et J.Presl 1820. 3/95. Mountains of America 
from Mexico to cool-temper-Chile (Tierra del Fuego).

Tropaeolum, Tropaeastrum, Magellana.
On the basis of the analysis of the elementary 

cycles of the fl ower of Tropaeolum majus, Chadefaud 
(1974) concluded that Tropaeolaceae belong to the 
Capparales. Dahlgren (1989) placed his Tropaeolales 
(Tropaeolaceae and Limnanthaceae). Tropaeolaceae 
shares with Capparales such common characters as 
the absence of bracteoles, racemose infl orescences, 
the presence of a gynophore, strongly developed mar-
ginal bundles extending into the style, and a few other, 
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more  generalized characteristics (Ronse Decraene and 
Smets 2001). However, strongly differ from them in 
the axile placentation of the tenuinucellate ovules, 
fruit morphology and dehiscence, the absence of pari-
etal cells, and very aggressive haustoria.
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Order 71. LIMNANTHALES

Small, delicate annuals of damp places. Vascular  system 
of the stem consists of a ring of 8–10 separate bundles. 
Vessels with simple perforation. Phloem weakly devel-
oped. Sieve-element plastids of S-type. Nodes unilacu-
nar. Leaves alternate, simple or compound (pinnatisect 
to pinnate), estipulate. Stomata anomocytic. Flowers 
solitary on long, axillary  pedicels, bisexual, actinomor-
phic, (4)5-merous (Limnanthes) or 3-merous (Floerkea), 
Sepals more or less free, valvate (Limnanthes), or 
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slightly imbricate (Floerkea), persistent, sometimes 
accrescent. Petals free, contorted, persistent. Stamens 3, 
or 6, or 8, or 10; twice as many as petals and in two 
cycles or sometimes in Floerkea as many as and alter-
nate with petals; fi laments free, opposite sepals with 
nectary gland outside the base; anthers tetrasporangiate, 
introrse, dorsifi xed, opening longitudinally. Floral nec-
taries present and adnate to the antesepalous stamens. 
Tapetum secretory. Micro sporogenesis simultaneous. 
Pollen grains 2-celled, 2–4-colporate, heteropolar (with 
a smaller distal and a larger proximal area), of very 
unique zono-colpate type – with two zonocolpi running 
parallel to the equator. Gynoecium of 5(4) carpels in 
Limnanthes and 2–3 carpels in Floerkea; placentation 
basal- parietal, style gynobasic, more or less deeply cleft 
or entire and with lobed or capitate stigma; ovary supe-
rior to partly inferior, deeply lobed into globular seg-
ments each with one basal or ascending ovule. Ovules 
ascending, anatropous, apotropous, unitegmic, tenuinu-
cellate; the integument is massive and shows a 
 conspicuous vas cular supply. Female gametophyte 
tetra sporic, but  pseudo-monosporic (only one of the 
four megaspore nuclei contributes to the formation of 
the female gametophyte), a modifi ed and extremely 
reduced variation of the Drusa-type. in which the activ-
ity of the chalazal nucleus is very much restricted 
(Mathur 1956; Maheshwari and John 1956; John 1970); 
antipodals usually absent in the mature female gameto-
phyte. Endosperm nuclear. Fruits separating into inde-
hiscent, 1-seeded mericarps that remain adherent to the 
seed coat; the epidermis of the pericarp develops numer-
ous pyramidal thickenings that give the pericarp a spe-
cifi c pattern. Seeds small, with straight green embryo, 
with large cordate, fl eshy cotyledons and small radicle, 
without endosperm. Seed coat is weakly differentiated 
testa, and in the later stage its cells are full of starch. 
Contains glucosinolate (m-methoxybenzyl isothiocya-
nate), erucic acids (cis-13-docosenoic, cis-5- eicosinoic, 
cis-5-docosenoic, cis-5, cis-13-docosadienoic and other 
fatty acids in small amounts), tannins, elagic acid deriv-
atives (myricetins and proanthocyanidins), myrosinase 
and myrosin cells and mustard oils (Bayer and Appel 
2003). n = 5.

Usually placed in the Geraniales, from which the 
Limnanthaceae differ in their apotropous and tenuinu-
cellate ovules without endothelium, unique types of 
pollen grains and female gametophyte, usually diplos-
temonous androecium, valvate sepals, persistent pet-
als, unilacunar nodes, as well as in chemical characters. 

Many years ago Richard Wettstein in his Handbuch 
der Systematischen Botanik (1907, 1935) suggested 
that Limnanthaceae with their tenuinucellate ovules 
belong to the Sympetalae rather than to the Choripetalae. 
On the other hand, in 1991 Rosalie Wunderlich in her 
posthumously published work on the systematic posi-
tion of the Limnanthaceae concluded that they are 
closely related to the Boraginaceae sensu stricto or to 
the subfamily Boragoideae. According to Wunderlich, 
the Limnanthaceae show essential embryological char-
acters that are found in all Boraginaceae s. str., such as 
tenuinucellate ovule with a single multilayered integu-
ment, lack of an endothelium, and presence of branched 
vascular bundles in the integument. The development 
of the seed coat and pericarp also shows similar fea-
tures in both families. Wunderlich mentions also some 
other characters of the Limnanthaceae that are found 
in almost all Boraginaceae s. str., such as a single 
gynobasic style, ovary deeply divided into 1-seeded 
mericarps, a persistent calyx, etc. However, she also 
mentions differences between the two families, such as 
pinnatifi d to pinnate leaves of the Limnanthaceae, their 
distinct petals, the diplostemonous androecium, the 
number of carpels with only one ovule in each carpel. 
The free petals of the Limnanthaceae, according to 
Wunderlich, are perhaps a very reduced variant of the 
corolla tubes of the Boraginaceae s. str., which differ 
very much in length (from long to quite short). 
Wunderlich concluded, “There is no doubt that the 
Limnanthaceae represent a separate family which, 
however, is closely related to the Boraginaceae s. str. 
and ought to be placed immediately beside these in the 
same order.” Unfortunately, Wunderlich does not 
include in her list of differences between the two fami-
lies such an important character as the presence or 
absence of myrosin cells and mustard oils.

Dahlgren (1975), Kubitzki (2003), Thorne (2006) 
include Limnanthaceae in the Capparales (Brassicales). 
The affi nity with the brassicalian families is supported 
mainly by the occurrence of myrosin cells, glucosino-
lates and erucic acid. However from the Brassicales 
they markedly differ in unique type of pollen grains, 
unitegmic ovules and female gametophyte.

1. LIMNANTHACEAE

R. Brown 1833. 2/11. Temperate North America.
Limnanthes, Floerkea.
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Order 72. CARICALES

Small, palmlike trees or shrubs with soft wood and 
 usually unbranched, sometimes succulent stems with 
an apical cluster of leaves, rarely perennial, prostrate 
(Jarilla) herbs, usually prickly. Well-developed anasto-
mosing, articulated laticifers present in the ground tis-
sue of all parts of the plants; they are cellular in origin 
(Kubitzki 2003). Stomatal myrosin cells present in the 
epidermis of all green parts (leaves, stems and imma-
ture fruits) and also in cotyledons from germinating 
seeds (Jorgensen 1995). Vessels with simple perfora-
tions. Except for the vessels, the xylem consists of 
unlignifi ed cells; only in a Calicomorpha the paratra-
chelal parenchyma was found to be lignifi ed (Carlquist 
1998). Vessels without vestured pits. Nodes trilacunar 
or multilacunar. Leaves alternate, usually large and 
long-petiolate, mostly palmately lobed or palmately 
compound, estipulate or rarely stipules present and 
spinelike. Stomata anomocytic. Infl orescences axillary, 
cymose thyrses, 1- to many-fl owered. Flowers usually 
unisexual, mostly dioecious, or more rarely monoe-
cious or polygamous, but sometimes (Carica) some 
fl owers bisexual, actinomorphic, 5(4)-merous. Sepals, 
small, united into a toothed or lobed calyx. Petals 
contort or valvate, united into an elongate, slender tube 
in male fl owers and short or very short tube in female 
fl owers. Stamens 10, in two cycles, or less often fi ve, 
inserted in the throat of the corolla tube; fi laments free 
(Carica) of one another, or basally connate into a 
short tube; anthers sometimes with shortly prolonged 
connective, 2-locular, introrse, dorsifi xed to basifi xed, 



244 Subclass V. DILLENIIDAE

tetrasporangiate, opening longitudinally. Tapetum 
glandular. Microsporogenesis simultaneous. Pollen 
grains 2-celled, 3-colporate. Gynoecium of 5(4) carpels; 
stylodia free; ovary superior, 1-locular with deeply 
intrusive parietal placentas or the placentas meet and 
join in the center to form a plurilocular ovary. Ovules 
numerous, with more or less enlarged funicle, anatro-
pous, bitegmic, crassinucellate. Female gametophyte 
Polygonum-type. Endosperm nuclear. Fruits fl eshy, 
large, melonlike berries. Seeds with juicy mucilaginous 
sarcotesta that surrounds the hard sclerotesta; seed coat 
formed by both integuments (Komar 1992), mesotesta 
tanniniferous, with lignifi ed ribs; endotesta crystallifer-
ous, exotegmen fi brous; embryo straight, spatulate, 
embedded in the fl eshy and containing both oil and 
protein endosperm. Producing myrosinases and glu-
cosilonates, and also contain cyanogenic glycosides 
(Spencer and Seigler 1984). Often present mustard-oils, 
sometimes alkaloids carpaine. The latex contains large 
amounts of the proteolytic enzyme, papain, n = 9.

Related to Moringales, but strongly differ in many 
characters, including actinomorphic and unisexual fl ow-
ers, in baccate fruits, presence of endosperm. The close 
similarity between the two orders in wood anatomy and 
as well as molecular analyses (e.g., Rodman et al. 1996).

1. CARICACEAE

Dumortier 1829. 5/35. West Indies, tropics and 
 subtropics of America from Mexico to northern Chile 
and Argentina, and tropical West Africa, centered in 
South America; Cylicomorpha (2) is endemic to tropi-
cal West Africa.

Jacaratia, Cylicomorpha, Carica (including and 
Horovitzia), Vasconcellea, Jarilla.
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Order 73. MORINGALES

Deciduous trees of very different habitus (bottle trees, 
sarcorhizal trees, slender trees) or tuberous shrubs, 
exuding a gum resembling tragacanth from bark 
wounds. Contain myrosin cells and cells with protein-
rich, dilated cisternae of the endoplasmic reticulum. 
Hairs unicellular. Vessels with simple perforations; lat-
eral pitting alternate. Fibers libriform, with large len-
ticular, simple pits. Rays homogeneous. Axial 
parenchyma paratracheal of various types. Vessels 
with vestured pits. Sieve-element plastids of S-type. 
Leaves alternate, two to three times pinnately com-
pound, with opposite leafl ets, estipulate or stipules 
represented by stipitate glands. Epidermis often muci-
laginous. Stomata anomocytic. Flowers in axillary 
panicles, bisexual, usually more or less zygomorphic, 
with a saucer-shaped or shortly tubular, often oblique 
hypanthium, formed partly by an invaginated recepta-
cle. Sepals fi ve, imbricate, equal or unequal, petaloid. 
Petals fi ve, imbricate, the two posterior ones smaller 
and refl exed, the two lateral ones ascending, and the 
anterior one the largest. The hypanthium is lined below 
with nectary disc. Functional stamens fi ve, inserted on 
the hypanthium around the margin of the disc, free, 
declinate, of unequal length, alternating with the outer 
cycle of 3–5 staminodia; anthers 1-locular, usually 
 disporangiate, seldom tetrasporangiate, dorsifi xed, 
opening longitudinally, forming a head through 
which the style protrudes at anthesis. Tapetum secre-
tory. Microsporogenesis simultaneous. Pollen grains 
2-celled or rarely 3-celled, 3-colporate with costate 
colpi, the tectum thick and the interstitium granular, 
the ornamentation psilate, very sparsely and fi nely 
 perforate with irregularly shaped microslits and puncta, 
the endexine very thick at the apertures but almost 
absent from the mesocolpial and polar areas, the foot 
layer thick (Ferguson 1985). Gynoecium of three 
united carpels with slender, tubular style terminated by 

truncate stigma; ovary superior, on a short gynophore, 
villous, curved, 1-locular, with numerous ovules in 
two rows on each parietal placenta. Ovules pendulous, 
anatropous, bitegmic, crassinucellate. Female gameto-
phyte of Polygonum-type. Endosperm nuclear. Fruits 
large, beaked, 3–6-angled, torulose, but without a 
replum, elongate, explosively dehiscent capsules. 
Seeds numerous, mostly 3(4)-winged; seed coat 
formed by the outer integument (mesotestal); testa 
vascularised, mesotesta thick, outer and inner parts 
with helical thickenings, tegmen thin (multiplicative); 
embryo large, green, straight, oily, with well- developed 
plumule; endosperm scanty or lacking. Producing glu-
cosilonates and leucine; mustard-oils present in 
myrosin cells; present fl avonols (kaempferol and quer-
cetin); n = 11, 14.

Related to the Capparales, with which they have 
some similarities, including myrosin cells strikingly 
similar to those in Capparaceae, Brassicaceae, and 
Tovariaceae (Jørgensen 1981). Moringaceae and 
Capparaceae also share similarities in carpel vascula-
ture (Ronse Decraene et al. 1998), but differ in pin-
nately compound leaves, disporangiate anthers, rather 
distinctive combination (including ornamentation) of 
pollen characters (Ferguson 1985), and in chemical 
characters (Dutt et al. 1984).

1. MORINGACEAE

Martynov 1820. 1/14. From northern and northeastern 
Africa and across Arabian Peninsula and Iran to 
Pakistan, India and Bangladesh, as well as southern 
Angola, southwestern Africa, and Madagascar.

Moringa.
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Order 74. CAPPARALES (RESEDALES, 
BRASSICALES)

Trees, shrubs, or most often herbs, containing myrosin 
cells and cells with protein-rich, dilated cisternae of the 
endoplasmic reticulum. Vessels with simple perfora-
tions; lateral pitting alternate. Fibers with simple or 
bordered pits. Rays heterogeneous or homogeneous. 
Axial parenchyma apotracheal or paratracheal, rarely 
diffuse (some Gyrostemonaceae). Sieve-element plas-
tids of S-type or sometimes (some members of 
Capparaceae and Brassicaceae) of Pfcs-type. Nodes 
unilacunar or trilacunar. Leaves alternate or rarely 
opposite, simple or often variously compound, with or 
without stipules. Stomata anomocytic, anisocytic, or 
paracytic. Flowers mostly in terminal racemes, bisexual 
or sometimes unisexual, actinomorphic or zygomor-
phic, with double perianth or sometimes apetalous, 
with nectaries of receptacular origin. Perianth 4-merous 
or less often 5-merous, with free segments. Stamens 
(2-)4-many, arising from a limited number (most often 
four) of primordia and centrifugal when in more than 
one series. In some Capparaceae and in most of 
Brassicaceae two median primordia divide, and there-
fore the number of stamens reaches six; in other cases 
all the four primordia branch once or more and as a 
result the androecium consists of eight or more sta-
mens. Anthers tetrasporangiate, opening longitudinally. 
Tapetum secretory. Microsporogenesis simultaneous. 
Pollen grains 2-celled or 3-celled, mostly 3-colpate or 
3-colporate. The extrastaminal nectaries present. 
Gynoecium paracarpous, of two or less often 3–6 to 12, 
rarely (Gyrostemonaceae) up to 60 united carpels with 
stylodia united into a shorter elongated style with a 
simple or lobed stigma or (Resedaceae) stigmas sepa-
rate and sessile. Ovary superior, basically 1-locular or 
partitioned by replum (a thin, unvasculated frame-like 
partition connecting the two parietal placentas), with 
usually more or less numerous ovules, sometimes only 
with one ovule. Ovules anatropous or more often 
campylotropous, bitegmic, crassinucellate or less often 
tenuinucellate (part of Brassicaceae and Resedaceae). 
Female gametophyte usually of Polygonum-type. 
Endosperm nuclear. Fruits of various types. Seeds with 
large, oily, more or less curved or folded embryo, 
mostly without endosperm or with scanty endosperm, 
rarely (Tovariaceae) with well-developed endosperm. 
Mostly producing glucosilonates (mustard-oil gluco-
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sides, thioglucosides), sometimes with alkaloidal 
amines and sometimes cyanogenic, several genera are 
accumulators of heavy metals, lacking ellagic acid.

Derived from the archaic representatives of  Violales, 
most likely from a fl acourtiaceous stock.

Key to Families
1 Endosperm copious. Petals absent. Trees or shrubs 

with normal secondary growth, or biennial or annual 
herbs (Tersonia). Axial parenchyma mostly paratra-
cheal, but sometimes also diffuse. Leaves entire, 
simple, often succulent, sessile or petiolate, stipules 
very small or absent. Flowers small, actinomorphic 
or almost so, solitary and axillary or in terminal or 
axillary racemes or spikes, bracteolate, unisexual 
and mostly dioecious or monoecious, apetalous. 
Calyx broadly cupular, more or less lobed or trun-
cate, persistent in fruit, the lobes imbricate in bud. 
Stamens seven or more (up to 100), in one or several 
(Gyrostemon) concentric series around the edge of 
the expanded receptacle or (Gyrostemon) covering 
the receptacle; anthers almost sessile, quadrangular. 
Pollen grains 2-celled, 3-colpate, occasionally 2- or 
4-colpate, with thick, granular, undifferentiated 
ectexine. Gynoecium of 2-many (up to 60) carpels, 
either connate around a central column or fused, 
sometimes solitary (Cypselocarpus); stigmas decur-
rent, large and spreading or not (marginal). Ovary 
with as many locules as carpels (carpel solitary in 
the genus Cypselocarpus). Ovules solitary in each 
locule, campylotropous, with a thickened funicle. 
Fruits dry or sometimes succulent, dehiscing septi-
cidally, loculicidally, or both or less often indehis-
cent, carpels often falling before shedding seeds. 
Seeds small, hippocrepiform, usually rugose, red-
brown, with prominent or small (in Cypselo carpus 
very small), translucent exostomal and funicular aril 
around the hilum; seed surface with both large and 
minute ribs; seed coat exotegmic, with cells of 
exotegmen longitudinally elongate and unevenly 
radially enlarged, thick-walled, pitted and thus 
fi brous. Embryo curved around the copious, oily, 
and fl eshy endosperm. Containing glucosilonates 
(mustard oil glucosides) and lacking both betalains 
and anthocyanins, n = 14. . . 5. gyrostemonaceae.

1 Endosperm scanty or absent.
2 Ovary usually open at the top from very early 

stage and bears small, sessile, well-separated 
stigmas around the rim; it is unilocular, usually 

with numerous, anatropous to campylotropous 
ovules, rarely (Caylusea) ovules 10–18 on united 
basal placenta, or (Sesamoides) only one or rarely 
two ovules on laminar placentas of secondarily 
free carpels. Perennial, biennial or annual herbs, 
subshrubs, or shrubs (Ochradenus and Randonia); 
stems erect, rarely winding. Elongate myrosine 
cells present in the phloem of the roots, in the 
stems, in the leaf epidermis and embryo. Nodes 
unilocular. Fibers with simple pits. Endoplasmic 
reticulum with ER-dependent vacuoles. Leaves 
alternate, simple, entire or deeply pinnatifi d, with 
small stipules modifi ed into glands. Stomata 
anomocytic. Flowers in racemes or spikes, with-
out bracteoles and often without bracts (as in 
Brassicaceae), bisexual or less often unisexual, 
more or less strongly zygomorphic, with a short 
androgynophore or gynophore; androgynophore 
usually with an exstrastaminal nectary disc often 
dilated at the adaxial side. Sepals 4–8, valvate or 
slightly imbricate, inserted below or rarely on the 
disc. Petals 4–8 or sometimes two, or absent, free, 
unequal, valvate, posterior ones usually much 
larger and often incised or laciniate. Stamens 
(3-)-16–22 or more; anthers introrse, bithecate. 
Pollen grains 2-celled, 3-colpate or 3-colporate. 
Gynoecium of (2)3–6(-8) free carpels. Fruits usu-
ally an apically open capsule, sometimes baccate 
(Ochradenus), or (Sesamoides) of separate spread-
ing carpels. Seeds reniform, often arillate, endot-
estal cells cuboid, more or less thickened, 
unlignifi ed, exotegmic cells fi brous, lignifi ed; 
embryo large, curved, or folded; endosperm little 
or wanting, n = 6–15. . . . . . . . . . . 4. resedaceae.

2 Ovary closed.
3 Ovary 4–8-locular.

4 Perianth 5-merous. Large glabrous shrubs 
or lianas; mucilage cells present. Nodes tri-
lacunar with three traces. Leaves alternate, 
simple, entire; stipules minute. Flowers in 
short axillary racemes, long- pedicellate, 
bisexual or unisexual. Sepals fi ve, almost 
free, valvate, sometimes persistent. Petals 
fi ve, loosely connivent or coherent at thick-
ened scalelike base or claw, with free, lan-
ceolate, thin limb, imbricate, clawed or 
sessile. Androgynophore distinct, thick. 
Stamens 9–13, inserted within a thick, 
fl eshy cupular disc;  fi laments fused at base, 



248 Subclass V. DILLENIIDAE

fi liform; anthers small, basifi xed, latrorse; 
connective rounded and developed into a 
knob at the top. Pistillodium present in the 
male fl owers. Pollen grains 3-colporate. 
Female fl owers with about 10 fi liform sta-
minodia within the disc. Gynoecium of 5–3 
carpels; style elongate, 5–4-fi d at the apex; 
ovary 3–5-locular, shortly stipitate, with 
3–10 axile ovules per locule. Fruits glo-
bose, brownish-scaly berry with numerous 
small, pubescent seeds immersed in pulp; 
embryo strongly curved, white. Fruits con-
tain sweet-tasting proteins, brazzein and 
pentadin (van der Wel et al. 1989; Ming and 
Hellekant 1994; Caldwell et al. 1998).. . . .
6. pentadiplandraceae.

4 Perianth 6–8–9-merous. Coarse herbs or 
soft shrubs, sometimes somewhat scram-
bling or tree-like, glabrous or pubescent, 
with pungent smelling parts. Leaves alter-
nate, trifoliolate, stipules absent. Stomata 
anomocytic. Flowers in lax terminal 
racemes, bisexual, actinomorphic. Sepals 
and petals mostly eight, less often seven or 
nine; sepals imbricate, caducous; petals 
shortly clawed, imbricate. Stamens mostly 
eight, free, borne internally on a lobed 
nectary disc; fi laments long-papillate, 
dilated near the base; anthers sagittate, bas-
ifi xed. Pollen grains 2-celled, 2(3)-colpo-
rate. Gynoecium of (5)6–8 carpels, with 
short, beaklike style and 6–8-rayed stigma; 
ovary (4-)6(-8)-locular, on a very short 
gynophore, with numerous ovules on deeply 
intruded parietal placentas that form false 
partitions. Anthers and stigmatic lobes cov-
ered by short unicellular hairs with longitu-
dinal cuticular folds (similarly hairs are also 
known from Forchhammeria – Capparaceae). 
Ovules anatropous, but become campylotro-
pous by the post-fertilisation development 
of the exotegmen (Boesewinkel 1990); pla-
centation parietal. Fruits small, globose 
berries with membranous pericarp. Seeds 
small, shiny, very numerous, exotestal cells 
more or less enlarged, walls thickened, 
endotestal cells small, exotegmic cells 
fi brous; embryo curved, endosperm thin, 
n = 14.. . . . . . . . . . . . . . 10. tovariaceae.

3 Ovary 1–2-, rarely 3-locular.
5 Ovary 1–2-locular.

6 Leaves well-developed.
7 Stomata paracytic.

8 Small maritime shrubs. Branches often 
(3)4(15)-angled. Contain myrosin 
cells and protein-rich, dilated cister-
nae of the endoplasmic reticulum. 
Vessels with simple perforations, per-
foration plate borders vestigial; pits 
vestured. Fibers small, thick-walled, 
with minute bordered pits. Rays some-
what heterogeneous. Axial paren-
chyma mainly paratracheal, but also 
 apotracheal in bands. Nodes unilocu-
lar. Leaves opposite, sessile, entire, 
slender, succulent, with a saccate col-
orless base. “The stipules arise after 
the initiation of the leaf or bract and 
remain always smaller than the leaves. 
They are reminiscent of colleters and 
have an obvious function in keeping 
the buds suffi ciently moist during 
early development” (Ronse Decraene 
2005). Flowers small and very reduced, 
unisexual, monoecious or dioecious in 
axillary conelike spikes. In monoe-
cious Batis argillicola male and female 
fl owers are intermingled in the same 
spike; in dioecious B. maritima fl ow-
ers are congested in short, dense 
spikes. Male fl owers subtended by 
bracts and enclosed in a membranous, 
saccate, gamosepalous calyx, which 
eventually splits near the top into two 
or four lobes (B.maritima) or along 
one side only (B. argillicola). Petals 
(or staminodia?) four, free, spatulate. 
Stamens four, alternating with four 
whitish spathulate appendages 
(Ronse Decraene 2005); fi laments 
free; anthers basifi xed, latrorse. Pollen 
grains 2-celled, 3(4)-colporate, with 
solid undifferentiated exine. 
Sometimes a vestigial gynoecium 
present in the male fl owers. Female 
fl owers without perianth. Gynoecium 
of two united carpels, paracarpous, 
with two sessile styles with a mass of 
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papillate trichomes; ovary divided by 
false partitions into four loculcelles 
with one parietal-basal ovule in each 
locelle. Ovules anatropous, epitrop-
ous, crassinucellate. Female gameto-
phyte of a unique bisporic 4-nucleate 
type, in which only the upper cell of 
the dyad is functional (the female 
gametophyte never develops into an 
8-nucleate stage) (Tobe and Raven 
1992). Fruits drupaceous with four 
woody pyrenes. Seeds straight and 
cylindrical, though more or less bilat-
erally fl attened; seed surface scalari-
form with fi ne markings; the mature 
seed coat extremely thin and composed 
only of the thin, persistent outer cell 
walls of the exotesta and the thick 
cuticle of the nucellar epidermal cells, 
with straight or slightly curved 
embryo, lacking both endosperm and 
perisperm. Myrosinase and benzylglu-
cosinolate is present (Schraudolf et al. 
1971; Mabry 1976) betacyanins and 
betaxanthins are absent (Mabry and 
Turner 1964). n = 11.  . . 8. bataceae.

8 Shrubs (sometimes scandent) or rather 
small trees of dry hot regions, some with 
odour of mustard oils, sometimes with 
axillary spines (Azima) and storied wood. 
Interxylary phloem present in Dobera and 
Salvadora. Vessels with simple perfora-
tions; lateral pitting alternate and very 
small. Fibers with simple pits, very short. 
Rays homogeneous or slightly heteroge-
neous. Axial parenchyma scanty paratra-
cheal or vasicentric. Leaves opposite, 
simple, entire, with very small stipules; 
leaf ptyxis fl at-curved (Salvadora). 
Flowers in terminal or axillary spikes, 
racemes, panicles, or sometimes dense 
fascicles, small, bisexual or variously 
polygamous, actinomorphic. Sepals 
2–4(5), connate into a lobed tube, lobes 
imbricate or more or less valvate. Petals 
4(5), free or (Salvadora) basally shortly 
connate, imbricate, usually with teeth or 
glands on inner side. Stamens four or 
rarely fi ve, alternipetalous, fi laments free 

(Azima), connate below into a tube 
(Dobera), or adnate at the base of corolla 
tube (Salvadora); anthers dorsifi xed. 
Pollen grains 2-celled, usually 3-colporoi-
date. Nectary disc absent or represented 
by glands alternating with stamens. 
Gynoecium of two united carpels; style 
short or very short, with entire or 2-lobed 
stigma; ovary 2-locular in Azima, 1-locu-
lar in Dobera and Salvadora, with one or 
two basal or axile-basal, erect ovules in 
each locule; ovules apotropous, bitegmic, 
crassinucellate. Fruits mostly 1-seeded 
berries or drupes. Seeds exotestal (Melikian 
and Savinov 2000); exotestal cells pali-
sade, slightly thickened, inner walls muci-
laginous, crystalliferous, tegmen becoming 
crushed, exotegmic cells fi brous, not ligni-
fi ed (Corner 1976), endosperm absent; 
embryo straight, with thick, oily, cordate 
cotyledons. Plants producing mustard oils 
and piperidine alkaloids, leucoanthocya-
nins and tannins are lacking (Hegnauer 
1973; 1990). n = 12 (Salvadora), n = 11 
(Azima).. . . . . . . . . . . 9. salvadoraceae.

7 Stomata anomocytic or anisocytic.
9 Fruits mostly baccate or capsules, rarely 

schizocarps, nuts, or samara, no replum. 
Perianth mostly 4-merous. Flowers 
mostly bisexual. Shrubs, herbs, or trees, 
rarely lianas. Vessels with vestured pits. 
Leaves alternate or rarely opposite, spiral 
or rarely distichous, simple or trifoliolate 
or palmately compound, petiolate, non-
sheathing; often with small stipules, 
sometimes modifi ed into glands or 
spinules. Stomata anomocytic. Flowers 
usually in racemes, rarely solitary and 
axillary, mostly bisexual, actinomorphic 
or more or less zygomorphic, generally 
with an evident gynophore or androgy-
nophore. Sepals (2-)4(-6), often decus-
sate, sometimes basally connate, 
imbricate or valvate. Petals (2-)4(-6), 
rarely lacking, often clawed. Stamens 
basically four (derived from four primor-
dia), but often two or all four of staminal 
primordia developing to produce six to 
many (up to 250 in Capparis) stamens, 
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some staminodial. Pollen grains 2-celled or 
seldom 3-celled, (2)4(4)-colporate. Nectary 
an extrastaminal ring or merely receptacu-
lar protrusion. Gynoecium of 2(-12) car-
pels; style with bilobed or capitate stigma; 
ovary usually 1-locular, or 2-locular (by 
false septa), with parietal placentas, some-
times more or less intruded and rarely 
meeting in the center of the ovary. Ovules 
many to few on each placenta, generally 
campylotropous, crassinucellate. Seeds 
often reniform; seed coat fi brous-exoteg-
mic embryo linear, arcuate; endosperm 
scanty. Present methyl glucosinolates, fl a-
vonols, proanthocyanidins, pyrrolidine 
alkaloids, sinapic and ferulic acids 
(Hegnauer 1964; Kers 2003), n = 7–10(-17), 
mostly 10.  . . . . . . . . . . .1. capparaceae.

9 Fruits usually siliques or silicles divided 
into two chambers by the replum, dehis-
cent or indehiscent, rarely transversely 
jointed, sometimes one to few-seeded 
nuts.
10 Ovary divided lengthwise by a mem-

branous and spurious septum, or 
sometimes transversely several- or 
many-locular. Stamens usually six, 
four longer and two shorter fi laments. 
Herbs or rarely subshrubs or shrubs. 
Fibers with small bordered pits. Leaves 
alternate or rarely subopposite, simple, 
often more or less pinnately dissected, 
only rarely with distinct, articulated 
leafl ets, without stipules. Stomata ani-
socytic. Infl orescences usually a 
raceme or corymb. Flowers only sel-
dom with a gynophore and never with 
an androgynophore. Stamens six and 
usually the two outer ones shorter than 
the four inner ones (the inner stamens 
derived from only two primordia and 
sometimes connate below in pairs), 
rarely the stamens only 2–4 or up to 
16; anthers dorsifi xed. At the base of 
the stamens are nectar-secreting out-
growths of the fl oral receptacle which 
vary in form and number in different 
genera. Pollen grains 3-celled or sel-
dom 2-celled, (2-)3-colpate, 4-rupate, 

6-rugate or nonaperturate. Ovary and 
fruit nearly always partitioned by a 
septum; ovary 2-locular; ovules 1–300, 
usually pendulous. Seed folded, but 
no invagination of the coat, testa often 
mucilaginous, exotestal cells reticu-
lately thickened on radial walls, 
endotesta palisade, with U-shaped 
thickenings or not, tegmen multiplica-
tive; embryo folded or coiled; the cot-
yledons 2–10 times as wide as the 
radicle, thick or thin; endosperm 
absent or rarely very little present. 
Containing glucosinolates (mustard 
oil glucosides, thioglucosides), and 
often cyanogenic; very rarely alka-
loids; n = 4(-8(-13). 3. brassicaceae.

10 Ovary not divided by a spurious sep-
tum, shortly to long-stipitate. Stamens 
more or less equal. Perennial or 
annual herbs, glabrous, pilose or 
glandular. Leaves simple or more 
often 3–7-foliolate, alternate, estipu-
late or with minute stipules 
(Oxystylis). Flowers bisexual or 
rarely monoecious, often very showy, 
mostly in racemes or corymbs, or 
solitary and axillary, often with folia-
ceous bracts, rarely without bracts. 
Sepals mostly four, free, or calyx 
4-lobed or partite. Petals usually four, 
rarely reduced to two, free, often 
clawed, imbricate. Stamens mostly 
six, rarely four, fi ve, or seven, very 
rarely reduced to one fertile; fi la-
ments free or partly adnate to the 
gynophore; anthers 2-locular, some-
times some aborted, rarely some sta-
mens transformed into petaloid 
staminodes. Torus sometimes pro-
duced at the back into a tube or gland. 
Ovary stipitate or rarely sessile, usu-
ally 1-locular. Style usually fi liform 
with pointlike or capitate stigma; 
ovules two (Oxystylis) or few to 
numerous. Fruits 2–3-valved capsule, 
the valves falling away and leaving a 
persistent replum, rarely infl ated and 
bladder-like, very rarely fruits inde-
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hiscent, rarely compressed contrary 
to the replus. Seeds often reniform, 
smooth, rugose or hairy; exotegmen 
cells radially enlarged, sclerifi ed, 
endotegmen cells with lignifi ed bands 
on periclinal walls; embryo conform-
ing to the shape of the seed, with 
two cotyledons; endosperm wanting; 
n = 9. . . . . . . . . . . . . 2. cleomaceae.

6 Leaves scalelike. Shrubs or small trees with 
minute, estipulate, early deciduous leaves 
and rigid, interlocking, thorny twigs. Fibers 
with distinctly bordered pits, sometimes 
with spiral thickening, very short. Vessels 
very to extremely small, with spiral thick-
ening in the late wood. Rays nearly homo-
geneous, with intercellular canals. Axial 
parenchyma apotracheal. Flowers in very 
short axillary racemes, bisexual, with min-
ute bracts. Sepals 4(5), small, imbricate, 
free. Petals 4(5), imbricate, free, slightly 
clawed. Stamens eight; fi laments fl at, with 
a superfi cial appendage at the base of each; 
anthers deeply bilobed, slightly apiculate, 
dorsifi xed, introrse or latrorse. Pollen grains 
2-celled, 3-colporate. Nectary disc absent. 
Gynoecium of two or rarely three carpels; 
style subulate, with minute, slightly bilobed 
stigma, persistent; ovary on a short gyno-
phore, 2-locular, with several to many axile 
ovules per locule; ovules anatropous, crassi-
nucellate, with zig-zag micropyles formed 
by both integuments. Fruits few-seeded, 
subglobose berries. Seeds black, hard, and 
circinate; exotesta with massive cuticle, 
then tanniniferous cells, exotegmen walls 
very thick,  lignifi ed; embryo much curved, 
endosperm very scanty. Mustard oils pres-
ent or absent, n = 11. 7. koeberliniaceae.

5 Ovary 2–3-locular.
11 Leaves alternate. Unarmed, pungent-smell-

ing shrub 30–120 cm tall with rigid stems. 
Whole plant densely pubescent; the trichomes 
strigose, appressed, T-shaped. Wood with 
uniseriate rays of upright cells; vestured pits 
and myrosin cells lacking (Carlquist et Miller 
1999). Leaves entire, simple, ovate to broadly 
oblong-lanceolate, the apex broadly acute to 
obtuse or rounded, minutely mucronate-api-

culate, estipulate. Stomata anomocytic. 
Flowers solitary in long-shoot leaf axils, with 
1–5 spaced out near the end of the branchlets, 
bisexual, 5-, 6-, or 7-merous. Calyx in bud 
spheroid to ovoid and abruptly pointed; 
sepals 5–7, greatly thickened at the base and 
permanently fused their whole length into a 
seamless cap. Petals 5–7, blue, imbricate, 
obovate-spathulate. Stamens (40-)60–76, 
with centrifugal maturation, united in (5-)6(-
7) fascicles that originate presumably by 
dedoublement form (5-)6(-7) initials, and 
axile placentation; anthers basifi xed, round, 
with two introrse slits. Pollen grains 3-col-
pate, semitectate with a complex strio- 
regulate exine; the colpi are covered with a 
colpus membrane that has shallow, irregular 
verrucate projections (Tomb 1999). Ovary of 
three carpels, 3-locular with axile placenta-
tion but “proto-parietal” vasculature. Styles 
glabrous, with three short, fi liform, stigmatif-
erous, subcapitate apical branches arching 
outwards and with down-turned margins 
(Iltes 1999). Ovules 10–14 per locule, anatro-
pous. Fruit a linear downward-pointing cap-
sule with wulging locules. Seeds 3–10 per 
carpel (6–30 per fruit), in a narrow double 
row, each borne on a short, curved, exarillate 
funicle, covered with a thin, soft and pith-
like, exotegmic seed coat; embryo large, fl at, 
straight, spathulate; endosperm of only 
one cell layer (Tobe et al. 1999). The mustard 
oils seem to accumulate unequally in differ-
ent tissues. . . . . . 11. setchellanthaceae.

11 Leaves opposite or subopposite. Prostrate 
herbaceous subshrubs with elongated, his-
pid branches and short axillary branchlets. 
Vessels with simple perforations; lateral 
pitting mainly alternate but with a tendency 
to be opposite. Fibers with bordered pits. 
Leaves entire, with catrilagenous margines, 
scabrous, petiolate, minutely stipulate. 
Stomata anomocytic. Flowers solitary, 
axillary, bisexual, strongly zygomorphic. 
Sepals fi ve, unequal but not bilabiate, con-
nate for about half of their length, except 
the two abaxial ones, which are separate 
from each other right down to the base. 
Corolla is slipper-like, consists of two pet-
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als alternating with three adaxial sepals and 
interconnected with each other by their cuti-
cules; the upper and lowest parts are free from 
each other; ventrally the lower part of each 
petal is provided with two narrow, ribbonlike 
appendages. Receptacle produced into a lin-
ear, fl attened, incurved androgynophore 
ascending in the slit of the calyx, bearing a 
triangular nectary disc at the base between the 
two petals. Stamens 8–9, interconnected at 
the base and forming a spreading disc-shape 
ring at the top of the androgynophore; four 
stamens on the adaxial part of the fl ower are 
fertile, four or fi ve stamens on the abaxial 
(outer) part are staminodial, connate in their 
lower part, pubescent; anthers ovoid. Pollen 
grains 3(4)-colporate, with very short colpi. 
Gynoecium of three carpels, with a small, ses-
sile stigma; placentation axial, ovary 2–3-loc-
ular, with one basal ovule in each locule. 
Fruits 1-seeded, dry, indehiscent, with thin 
pericarp adherent to the seed, pendant within 
the calyx from the apex of the androgyno-
phore. Seeds reniform, arilate, more or less 
compressed, with rugose hard testa and lac-
iniate funicle; embryo linear, conduplicate; 
endosperm scanty.. . . . .12. emblingiaceae.

1. CAPPARACEAE

Jussieu 1789. 20/480–500. Widely distributed in trop-
ics and subtropics and in warm-temperate regions.

cappareae: Capparis, Tirania, Crateva, Eudenia 
Cladostemon, Dhofaria, Ritchiea, Belencita, Steri-
phoma, Morisonia; maerueae: Maerua; cadabeae: 
Cadaba, Buchholzia, Atamisquea, Thilachlum, Boscia, 
Bachmannia; stixeae: Stixis; apophylleae: Apo-
phyllum, Forchhammeria.

2. CLEOMACEAE

Horaninow 1834 (including Oxystylidaceae Hutchinson 
1969). 13/300. Tropical and warm temperate regions, 
esp. America.

2.1 DIPTERYGIOIDEAE
Annual or perennial herb, or subshrub. Leaves simple, 
stipules very insignifi cant, setaceous, entire or apically 

3-fi d, tardily deciduous. Infl orescences terminal 
racemes. Flowers minute, almost actinomorphic. 
Sepals four, valvate, free or connate. Petals four. 
Stamens six. Fruit a samara, 1-seeded, laterally com-
pressed, laterally winged. – Dipterygium.

2.2 CLEOMOIDEAE
Perennial or annual herbs, rarely somewhat shrubby, 
very rarely arborescent. Hairs present, or absent, com-
monly glandular. Flowers bisexual or rarely monoe-
cious, zygomorphic. Sepals mostly four, free or calyx 
4-lobed or partite. Petals usually four, rarely reduced 
to two, free, often clawed, imbricate. Stamens mostly 
six, rarely 4, 5, 6, or 7, rarely reduced to one fertile, 
free or partly adnate to the gynophore. Fruits 2- or 
3-valved capsules with the valves falling away and 
leaving a persistent replum, rarely infl ated and blad-
derlike, very rarely indehiscent, rarely compressed 
contrary to the replum, sometimes (Wislizenia and 
Oxystylis) with a reduced replum and didymous, each 
lobe falling away from the thickened corky axis and 
indehiscent and enclosing one or rarely two seeds. – 
cleomeae: Cleome, Puccionia, Polanlsia, Cleomella, 
Isomeris, Buhsia, Haptocarpum, Cristatella, Dacty-
laena; podandrogyneae: Podandrogyne; oxystyl-
ideae: Oxystylis, Wislizenia

3. BRASSICACEAE

Burnett 1835 or Cruciferae A.L. de Jussieu 1789 
(nomen altern.) (including Drabaceae Martynov 
1820, Erysimaceae Martynov 1820, Raphanaceae 
Horaninow 1847, Schizopetalaceae A.L. de Jusseau 
1848, Sisymbriaceae Martynov 1820, Stanleyaceae 
Nuttall 1834, Thlaspiaceae Martynov 1820). 337–
368/3200. Subcosmopolitan, but mainly in temperate 
and cold areas, and more especially in the Mediterranean 
and Irano-Turanian regions; only sparingly represented 
in the Southern Hemisphere and with very few species 
in tropical regions.

macropodieae: Macropodium; thelypodieae: 
Stanleya, Rollinsia, Warea, Thelypodium, Irenepharsus, 
Chlorocrambe, Romanschulzia, Thelypodiopsis, 
Streptanthus (including Euklisia, Microsemia, 
Icianthus), Caulanthus (including Stanfordia), 
Microsisymbrium, Raphanorhyncha, Streptanthella; 
pringleeae: Pringlea; cremolobeae: Cremolobus 
(including Urbanodoxa), Menonvillea; megadenieae: 
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Megadenia; MEGACARPAEAE: Megacarpaea, 
Dimorphocarpa, Dithyrea, Biscutella; brassiceae: 
Conringia, Morisia, Succowia, Quizeliantha, Psychine, 
Schouwia, Fortuynia, Pseudofortuynia, Calcanthus, 
Physorhynchus, Diplotaxis, Carrichtera, Vella (includ-
ing Euzomodendron), Zilla, Henophyton, Hemicrambe, 
Foleyola, Moricandia, Oudneya, Douepea (including 
Dolichorhynchus), Sinapis, Eruca, Erucastrum, 
Hirschfeldia, Erucaria (including Reboudia), Brassica, 
Sinapidendron, Cordylocarpus, Fezia, Rytidocarpus, 
Pseuderucaria, Orychophragmus, Raphanus, Enar-
thro carpus, Cakile, Muricaria, Didesmus, Cerato-
cnemum, Crambella, Kremeriella, Guiraoa, Otocarpus, 
Coincya (including Hutera, Rhynchosinapis), Rapi-
strum, Trachystoma, Crambe, Calepina, Schimpera, 
Eremophyton; chamireae: Chamira; ISATIDEAE: 
Didymophysa, Brachycarpaea, Moriera, Pugionium, 
Graellsia, Coluteocarpus, Myagrum, Horwoodia, 
Chartoloma, Tauscheria, Sameraria, Pachypterygium, 
Isatis; sisymbrieae: Streptantella, Caulostramina, 
Glaucocarpum, Mostacillastrum (including Phlebio-
phragmus), Sisymbrium (including Schoenocrambe), 
Pachycladon, Cymatocarpus, Lycocarpus, Ammo-
sperma, Trichotolinum, Chilocardamum, Polypseca-
dium, Werdermannia, Chaunanthus, Neuontobotrys, 
Descurainia (including Robeschia). Hugueninia, 
Sophiopsis, Sinosophiopsis, Redowskia, Yinshania, 
Ischnocarpus, Alliaria, Eutrema (including Wasabia), 
Parlatoria, Sobolewskia, Scambopus, Neotorularia, 
Dimorphostemon, Sisymbriopsis, Octoceras, Dicha-
sianthus, Atelanthera, Thellungiella, Catenulina, 
Streptoloma, Berteroella, Smelowskia, Hedinia, 
Christolea, Lignariella, Taphrospermum (including 
Glaribraya), Platycraspedum, Sibaropsis, Aphragmus 
(including Staintoniella), Braya, Weberbauera (includ-
ing Alpaminia, Pelagatia, Stenodraba), Eremodraba, 
Catadysia, Lithodraba, Xerodraba, Brayopsis, Ascher-
soniodoxa, Hollermayera, Englerocharis, Delpino-
phytum, Eudema, Onuris, Ivania; hesperideae: 
Erysimum (including Syrenia, Syrenopsis), Beringia, 
Eigia, Cheiranthus, Hesperis, Chalcanthus, Litwino-
wia, Ochtodium, Bunias, Clausia, Pseudoclausia, 
Malcolmia (including Strigosella), Paraclausia, 
Spryginia, Cryptospora, Trichochiton, Gynophorea, 
Diptychocarpus, Maresia, Zuvanda, Eremobium, 
Nasturtiopsis, Leptaleum, Leiospora, Geococcus, 
Parrya (including Neuroloma), Ballantinia, Solms-
Laubachia, Pycnoplinthopsis, Baimashania, Iskandera, 
Desideria (including Ermaniopsis), Pycnoplinthus, 

Cheesemania, Lepidostemon, Oreoblastus, Dielsio-
charis, Dontostemon, Blennodia, Oreoloma, Cithare-
loma, Lachnoloma, Anchonlum, Zerdana, Eremoblastus, 
Euclidium, Lobularia, Notoceras, Sterigmostemum 
(including Petiniotia), Raffenaldia, Chorispora, 
Spirorhynchus, Matthiola (including Lonchophora), 
Parolinia, Diceratella, Microstigma, Veselskya (includ-
ing Pyramidium), Anastatica, Morettia, Tetracme 
(including Tetracmidion), Synstemon, Alyssum (includ-
ing Meniocus, Gamosepalum), Lesquerella, Physo-
cardamum, Physaria, Hormathophylla, Aurinia, 
Straussiella, Degenia, Takhtajaniella, Physoptychis, 
Alyssoides, Clastopus, Fibigia, Berteroa, Galitzkya, 
Bornmuellera, Clypeola (including Pseudoanastatica), 
Asperuginoides, Athysanus, Thysanocarpus, Hetero-
draba; arabideae: Cardamine, Arabidella, Gorodkovia, 
Loxostemon, Dentaria, Pegaephyton, Neomartinella, 
Iodanthus, Planodes, Idahoa, Leavenworthia, Sibara, 
Barbarea, Nasturtium, Rorippa (including Rorippiella, 
Kardanoglyphos, Sisymbrella, Trochiscus), Caulo-
stramina, Sphaerocardamum, Pennellia, Phlebolobium, 
Armoracia, Dictyophragmus, Arabis (including 
Parryodes), Turritis, Sandbergia, Crucihimalaya, 
Olimarabidopsis, Halimolobos, Pachymitus, Harmsio-
doxa, Drabopsis, Alyssopsis, Farsetia, Murbeckiella, 
Prionotrichon, Rhammatophyllum, Phaeonychium, 
Vvedenskyella, Parryopsis, Eurycarpus, Oreophyton, 
Aplanodes, Phoenicaulis, Anelsonia, Aubrieta, 
Botschantzevia, Arcyosperma, Cardaminopsis, Arabi-
dopsis, Pseudoarabidopsis, Pachyneurum, Stevenia, 
Petroravenis, Borodinia, Draba (including Thyla-
codraba, Coelonema), Drabastrum, Ermania, Sarco-
draba (including Ateixa), Menkea, Schivereckia, 
Erophila, Petrocallis, Pseudovesicaria, Elburzia, 
Cusickiella; lunarieae: Lunaria, Pterygiosperma, 
Ricotia, Neotchihatchewia, Peltaria, Peltariopsis, 
Selenia, Schlechteria, Thlaspeocarpa (including 
Palmstruckia), Savignya; lepidieae: Lepidium (includ-
ing Stroganowia, Papuzilla), Stubendorffi a, Cardaria, 
Iberis, Heldreichia, Winklera, Cyphocardamum, 
Acanthocardamum, Coronopus, Dilophia, Parodio-
doxa, Dipoma, Tropidocarpum (including Agallis), 
Dactylo cardamum, Grammosperma, Cuphonotus, 
Cochlearia, Microlepidium, ? Nerisyrenia, Synthlipsis, 
Kernera, Rhizobotrya, Pseudocamelina, Pseudosem-
pervivum, Chrysochamela, Camelinopsis, Hymeno-
lobus, Poly ctenium, Hornungia (including Hutchin-
siella, Micro cardamum), Calymmatium, Hemilophia, 
Asta, Scoli axon, Mancoa, Phlegmatospermum, 
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Subularia, Camelina, Capsella, Notothlaspi, Pachyph-
ragma, Thlaspi (including Carpoceras, Raparia), 
Carinavalva, Noccaea, Teesdalia (including 
Teesdaliopsis), Eunomia, Synthlipsis, Aethionema, 
Lachnocapsa, Campyloptera, Iberidella, Andrzei-
owskya, Ionopsidium (including Pastorea, Minaea), 
Iti, Bivonaea, Brossardia, Boreava, Neslia, Glastaria, 
Goldbachia; schizopetaleae: Schizopetalon, Dry-
ope-talon, Ornithocarpa, Mathewsia; stenopetaleae: 
Stenopetalum; heliophileae: Heliophila (includ-
ing Carponema), Cycloptychis, Silicularia; 
LYROCARPEAE: Lyrocarpa.

The Brassicaceae are very closely related to 
Capparaceae and Cleomaceae and linked to them 
through the tribe Thelypodieae.

4. RESEDACEAE

Berchtold and J. Presl 1820 (including Astrocarpaceae 
A. Kerner 1891). 6/75–80. From Macaronesia across 
northern Africa and the Mediterranean and western 
Asia to northwestern India and central Asia, in Europe 
and western Siberia, South Africa, Socotra, and in 
southwestern United States and Mexico.

resedeae: Oligomeris, Ochradenus, Reseda, 
Rando nia; cayluseeae: Caylusea; astrocarpeae: 
Astro carpus (Sesamoides).

Nearer to the Cleomaceae, which is confi rmed by 
the presence of the androgynophore, morphology of 
the nectary disc, and seed anatomy (Orr 1921).

5. GYROSTEMONACEAE

Endlicher 1841. 5/18. Australia (mostly in drier regions); 
Gyrostemon thesioldes reaches northern Tasmania.

Codonocarpus, Gyrostemon, Tersonia, Walteranthus, 
Cypselocarpus.

Systematic position is not very certain. Many 
 nineteenth-century botanists, including Baillon and 
Bentham and Hooker, placed Gyrostemon and related 
genera in Phytolaccaceae, but Endlicher (1841) 
 recognized the Gyrostemonaceae as a separate family, 
which is usually placed in the order Caryophyllales. 
However, from most of the Caryophyllales the family 
Gyrostemonaceae differs chemically through the 
presence of mustard oil, through S-type sieve-element 
plastids and undifferentiated, solid ectexine (Mabry 

1976; Behnke and Turner 1971; Behnke 1976, 1977; 
Prijanto 1970; Nowicke 1976; Goldblatt et al. 1976). 
Chromosome number of n = 14 is also very uncommon 
throughout the order Caryophyllales and occurs only 
in occasional polyploids. However, this number is 
fundamental in Gyrostemonaceae (Goldblatt et al. 
1976: 204). All these differences are fully suffi cient 
for excluding Gyrostemonaceae from the order 
Caryophyllales. According to Dahlgren (1975, 1983), 
Goldblatt et al. (1976), Behnke (1977), Tobe and 
Raven (1991), and some others, the Gyrostemonaceae 
belong in the expanded order Brassicales or are related 
to the Brassicales (Cronquist 1981, 1988). This is 
supported by the nucleotide sequences of rbcL (Rodman 
et al. 1994)

6. PENTADIPLANDRACEAE

Hutchinson and Dalziel 1928. 1/2. Tropical West 
Africa.

Pentadiplandra.
Related to the Capparaceae.

7. KOEBERLINIACEAE

Engler 1895. 1/1. Southwestern United States, Mexico, 
tropical Bolivia.

Koeberlinia.
Related to the Capparaceae (Wettstein 1935; 

Takhtajan 1959, 1987; Cronquist 1968, 1981, 1988; 
Gibson 1979; Mehta and Moseley 1984), but also they 
have similarities with Batis and Salvadoraceae (Ronse 
Decreane and Haston 2006).

8. BATACEAE

Perleb 1838. 1/2. Coasts of tropical and subtropical 
America and Galapagos Islands (B. maritima) and along 
the coasts of New Guinea and northern Australia.

Batis.
It is now widely accepted that Bataceae (together 

with the Gyrostemonaceae) are close to the Capparaceae 
and related families (Dahlgren 1975a, 1977; Cronquist 
1981, 1988; Rodman 1991; Rodman et al. 1993; Thorne 
2006) with which the Bataceae have many similarities 
including the guard-cell myrosin cells strikingly similar 
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to those in Resedaceae and Tovariaceae and represent-
ing a specifi c type of myrosin cells (Jargensen 1981). 
However the Bataceae differ from the other Capparales 
in so many characters, including distinctive “Batis-type” 
female gametophyte (Tobe and Raven 1992). 
Although Bataceae reveal some similarities with the 
Gyrostemonaceae (Kuprianova 1965; Takhtajan 1966; 
Thorne 1977), they differ markedly in many respects, 
including the habit, wood anatomy, infl orescence and 
fl ower morphology, compound apertures without oper-
culum, anatropous ovules, presence of nucellar cap and 
absence of hypostase, a unique type of bisporic female 
gametophyte, absence of endosperm in mature seeds, 
straight seeds, absence of aril, and extremely thin exot-
estal seed coat (see especially Tobe and Raven 1992).

9. SALVADORACEAE

Lindley 1836 (including Azimaceae Wight and Gardner 
1845). 3/11. From Africa and Madagascar to Pakistan, 
India, Sri Lanka, and Southeast Asia.

Azima, Dobera, Salvadora.
The family has often been referred to a celastraceous 

affi nity, but Corner (1976) pointed out that this is in con-
fl ict with its lack of a fi brous tegmen. Dahlgren (1975) 
suggested Salvadoraceae to form part of an expanded 
concept of Capparales. In phyllotaxis and fl oral meros-
ity, Salvadoraceae agree remarkably with Bataceae. 
Cladistic studies and various molecular analyses employ-
ing plastid and/or nuclear genes or combined morpho-
logical/molecular data sets always place Salvadoraceae 
close to Batis (Rodman et al. 1996, 1998).

10. TOVARIACEAE

Pax 1891. 1/2. Tropical America: Tovaria pendula – 
Andes from Mexico to Peru and Bolivia; T. diffusa 
– Jamaica.

Tovaria.
Closely related to the Cleomaceae.

11. SETCHELLANTHACEAE

Iltis 1999. 1/1. Mexico (Chihuahua Desert).
Setchellanthus.
This very specialized family probably belongs to 

the Capparales.

12. EMBLINGIACEAE

Airy Shaw 1965. 1/1. Western and southwestern 
Australia.

Emblingia.
Emblingia has many unique morphological fea-

tures, there are some features in common with mem-
bers of Capparales, including androgynophore, a 
conduplicate, curved embryo, scanty endosperm, that 
“agreeing with Capparidaceae, but differing widely in 
almost every other character” (Airy Show 1973), but 
no studies have been conducted to examine the pres-
ence of mustard oils (glucosinolates) in Emblingia. 
Including Emblingiaceae in the Capparales is sup-
ported by molecular studies (Chandler and Bayer 2000; 
Soltis et al. 2006; Ronse Decraene et Haston 2006).

Bibliography

Andallah MS. 1967. The Resedaceae. A taxonomic revision of 
the family. Meded. Land. Wagen. 67: 1–98.

Abdallah MS and HCD de Wit. 1978. The Resedaceae: a taxo-
nomic revision of the family (fi nal installment) Meded 
Landbouwhogeschool Wageningen 78–14: 99–416.

Abdel Khalik K, RG van den Berg, J van der Maesen, and MN 
El Hadidi. 2002. Pollen morphology of some tribes of 
Brassicaceae from Egypt and its systematic implications. 
Feddes Repert. 113(3–4): 211–223.

Alexander I. 1952. Entwicklungsstudien an Blüten von 
Cruciferen und Papaveraceen. Planta 41: 125–144.

Aleykutty KM and JA Inamdar. 1978a. Studies in the vessels of 
some Capparaceae. Flora 167: 103–109.

Aleykutty KM and JA Inamdar. 1978b. Structure, ontogeny, and 
taxonomic signifi cance of trichomes and stomata in some 
Capparidaceae. Feddes Repert. 89: 19–30.

Al-Shehbaz IA. 1984. The tribes of Cruciferae (Brassicaceae) in 
the southeastern United States. J. Arnold Arbor. 65: 
343–373.

Al-Shehbaz IA. 1985. The genera of Brassicaceae (Cruciferae) 
in the southeastern United States. J. Arnold Arbor. 66: 
279–351.

Al-Shehbaz IA. 1988a. The genera of Arabideae (Cruciferae: 
Brassicaceae) in the southeastern United States. J. Arnold 
Arbor. 69: 85–166.

Al-Shehbaz IA. 1988b. The genera of Anchoniea (Hesperideae) 
(Cruciferae: Brassicaceae) in the southeastern United States. 
J. Arnold Arbor. 69: 193–212.

Al-Shehbaz IA. 1988c. The genera of Sisymbrieae in the south-
eastern United States. J. Arnold Arbor. 69: 213–237.

Al-Shehbaz IA. 1989. Dactylocardamum (Brassicaceae): a 
remarkable new genus from Peru. J. Arnold Arbor. 70: 
515–521.

Al-Shehbaz IA and KI Al-Shammary. 1987. Distribution and 
chemotaxonomic signifi cance of glucosinolates in certain 



256 Subclass V. DILLENIIDAE

Middle-Eastern Cruciferae. Biochem. Syst. Ecol. 15: 
599–569.

Al-Shehbaz IA, MA Beilstein, and EA Kellogg. 2006. 
Systematics and phylogeny of the Brassicaceae (Cruciferae): 
an overview. Plant Syst. Evol. 259: 89–120.

Anuradha SMJ, M Radhakrisnaiah, and LL Narayana. 1988. 
Chemosystematics of Capparaceae. Feddes Repert. 99: 
391–394.

Appel O. 1999. The so-called ‘beak’, a character in the system-
atics of Brassicaceae? Bot. Jahrb. Syst. 121: 85–98.

Appel O and C Bayer. 2003. Tovariaceae. In: K Kubitzki, ed. 
The families and genera of vascular plants, vol. 5, pp. 397–
399. Springer, Berlin/Heidelberg/New York.

Appel O and IA Al-Shehbaz. 1997. Re-evaluation of the tribe 
Heliophileae (Brassicaceae). Mitt. Inst. Allg. Bot. Hamburg 
27: 85–92.

Appel O and IA Al-Shehbaz. 2003. Cruciferae. In: K Kubitzki, 
ed. The families and genera of vascular plants, vol. 5, 
pp. 75–174. Springer, Berlin/Heidelberg/New York.

Appelqvist LA. 1976. Lipids in the Cruciferae. In: JG Vaughan, 
AJ Macleod, and BMG Jones, eds. The biology and chemis-
try of the Cruciferae, pp. 221–277. Academic, London.

Arber A. 1931. Studies in fl oral morphology: I. On some struc-
tural features of the Cruciferous fl ower. New Phytol. 30: 
11–41.

Arber A. 1938. Studies in fl ower structure: VII. On the gynoe-
cium of Reseda with a consideration of paracarpy. Ann. Bot. 
6: 43–48.

Arunalakshmi V. 1985. Embryological studies in Capparidaceae. 
J. Indian Bot. Soc. 64: 17–24.

Arunalakshmi V. 1989. Structure and development of seed coat 
in Cleome. J. Indian Bot. Soc. 68: 116–121.

Avetisian VE. 1976. Some modifi cations of the system of the fam-
ily Brassicaceae. Bot. Zhurn. 61: 1198–1203 (in Russian).

Avetisian VE. 1987. Some peculiarities in carpologic evolution 
of Brassicaceae. Sbornik Nauch. Trudov Arm. Otd. 
Vsesoyusn. Bot. Ob. 10: 67–69 (in Russian).

Avetisian VE. 1990. A review of the system of Brassicaceae fl ora 
of the Caucasus. Bot. Zhurn. 75: 1029–1032 (in Russian).

Balwant Singh. 1944. A contribution to the anatomy of Salvadora 
persica L. with special reference to the origin of the included 
phloem. J. Indian Bot. Soc. 23: 71–78.

Bayer A. 1905. Beiträge zur systematischen Gliederung der 
Cruciferen. Bot. Centralbl. 18: 119–180.

Bayer C and O Appel. 2003. Bataceae. In: K Kubitzki, ed. The 
families and genera of vascular plants, vol. 5, pp. 30–32. 
Springer, Berlin/Heidelberg/New York.

Bayer C and O Appel. 2003. Pentadiplandraceae. In: K Kubitzki, 
ed. The families and genera of vascular plants, vol. 5, 
329–331. Springer, Berlin/Heidelberg/New York.

Behnke H-D. 1977a. Phloem ultrastructure and systematic 
 position of Gyrostemonaceae. Bot. Not. 130: 255–260.

Behnke H-D. 1977b. Zur Skulptur der Pollen-Exine bei drei 
Centrospermen (Gisekia, Limeum, Hectorella), bei 
Gyrostemonaceen und Rhabdodendraceen. Plant Syst. Evol. 
128: 227–235.

Behnke H-D. 1977c. Dilatierte ER-Zisternen: Ein mik-romor-
phologisches Merkmal der Capparales? Ber. Deutsch. Bot. 
Ges. 90: 241–251.

Behnke HD and G Eschleck. 1978. Dilated cisternae in 
Capparales – an attempt towards the characterization of a 
specifi c endoplasmatic reticulum. Protoplasma 97: 351–363.

Beilstein MA, IA Al-Shehbaz, EA Kellogg. 2006. Brassicaceae 
phylogeny and trichome evolution. Am. J. Bot. 93: 
607–619.

Belyaeva LE and GB Rodionova. 1983. In: MS Yakovlev, ed. 
Comparative embryology of fl owering plants, vol. 2, pp. 
154–164. Nauka, Leningrad (in Russian).

Boesewinkel FD. 1990. Ovule and seed development of Tovaria 
pendula Ruiz et Pavon. Bot. Jahrb. Syst. 111: 389–401.

Bouman F. 1975. Integument initiation and testa development in 
some Cruciferae. Bot. J. Linn. Soc. 70: 213–229.

Bowman JL. 2006. Molecules and morphology: comparative 
developmental genetics of the Brassicaceae. Plant Syst. Evol. 
259: 199–215.

Brock A, T Herzfeld, R Paschke, M Koch, and B Dräger. 2006. 
Brassicaceae contain nortropane alkaloids. Phytochemistry 
67: 2050–2057.

Brown RC, BE Lemmon, and H Nguyen. 2004. Comparative 
anatomy of the chalazal endosperm cyst in seed of the 
Brassicaceae. Bot. J. Linn. Soc. 144: 375–394.

Brückner C. 1996. Carpelloid stamens in Papaveraceae Juss. and 
Brassdicaceae Burnett (Cruciferae Juss.) and their bearing 
on theories of gynoecium organization. Feddes Repert. 107: 
321–337.

Brückner C. 2000. Clarifi cation of the carpel number in 
Papaverales, Capparales, and Berberidaceae. Bot. Rev. 66: 
155–307.

Carlquist S. 1971. Wood anatomy of Macaronesian and other 
Brassicaceae. Aliso 7: 365–384.

Carlquist S. 1978. Wood anatomy and relationships of Bataceae, 
Gyrostemonaceae, and Stylobasiaceae. Allertonia 1: 297–330.

Carlquist S. 1985. Wood anatomy and familial placement of 
Tovaria. Aliso 11: 69–76.

Carlquist S. 1998. Wood anatomy of Resedaceae. Aliso 16: 
127–135.

Carlquist S. 2002. Wood and bark anatomy of Salvadoraceae: 
ecology, relationships, histology of interxylary phloem. 
J. Torrey Bot. Soc. 129: 10–20.

Carlquist S and RB Miller 1999. Vegetative anatomy and rela-
tionships of Setchellanthus caeruleus (Setchellanthaceae). 
Taxon 48: 289–302.

Chaban IA. 1983. Resedaceae. In: MS Yakovlev, ed. Comparative 
embryology of fl owering plants, vol. 2, pp. 164–172. Nauka, 
Leningrad (in Russian).

Chaban IA and MS Yakovlev. 1974. Embryology of Reseda 
lutea L.: I. Megasporogenesis and development of the 
embryo sac. Bot. Zhurn. 59: 24–37 (in Russian).

Chandler GT and RJ Bayer. 2000. Phylogenetic placement of 
the enigmatic Western Australian genus Emblingia based on 
rbcL sequences. Plant Sp. Biol. 15: 67–72.

Chernyakovskaya EF. 1992. Resedaceae. In: AL Takhtajan, ed. 
Comparative seed anatomy, vol. 4, pp. 202–209. Nauka, St. 
Petersburg (in Russian).

Crete R. 1951. Embryogenie des Capparidacees: Developpement 
de 1∋εμβρψον chez le Cleome graveolens Raffi n. Compt. 
Rend. Hebd. Seances Acad. Sci. 233: 562–564.

D’Arcy WG. 1979. Family 73A. Capparaceae–Tovarioideae. In 
Flora of Panama. Ann. Missouri Bot. Gard. 66: 117–121.

David E. 1938. Embryologische Untersuchungen an 
Myoporaceen, Salvadoraceen, and Hippocrateaceen. Planta 
28: 680–703.

Delaveau P, B Koudogbo, and J-L Pousset. 1973. Al-kaloides 
chez les Capparidaceae. Phytochemistry 12: 2983–2985.



Superorder CAPPARANAE 257

De Leonardis W, G Fichera, N Longhitano, A Zizza. 1997. 
Pollen and seed morphology of three species of Reseda L. in 
Sicily and relationship with their systematic position. Plant 
Biosystems 131(1): 43–49.

Deng Y and Z Hu. 1995. The comparative morphology of the 
fl oral nectarines of Cruciferae. Acta Phytotax. Sinica 33: 
209–220.

Den Outer RW and WLH van Veeneudaal. 1981. Wood and bark 
anatomy of Azima tetracantha Lam. (Salvadoraceae). Acta 
Bot. Neerl. 30: 199–207.

Dvorak F. 1968. A contribution to the study of the variability of 
the nectaries. Preslia 40: 13–17.

Dvorak F. 1971. On the evolutionary relationship in the family 
Brassicaceae. Feddes Repert. 82: 357–372.

Dvorak F. 1973. The importance of the indumentum for the 
investigation of evolutional relationship in the family 
Brassicaceae. Oesterr. Bot. Z. 121: 155–164.

Eames AJ. 1930. Crucifer carpels. Am. J. Bot. 17: 638–656.
Eames AJ and CL Wilson. 1928. Carpel morphology in the 

Cruciferae. Am. J. Bot. 15: 251–270.
Eckardt Th. 1959 (1960). Das Blütendiagramm von Batis P. Br. 

Ber. Deutsch. Bot. Ges. 72: 411–418.
Eckard Th. 1971. Anlegung und Entwicklung der Blüten von 

Gyrostemon ramulosus Desf. Bot. Jahrb. Syst. 90: 434–446.
El Migirab S, Y Berger, and J Jadot. 1977. Isothiocyanates, thio-

urees et thiocarbamates isolés de Pentadiplandra brazzeana. 
Phytochemistry 16: 1917–1921.

Erbar C and P Leins. 1997a. Different patterns of fl oral develop-
ment in whorled fl owers, exemplifi ed by Apiaceae and 
Brassicaceae. Int. J. Plant Sci. 158: 49–64.

Erbar C and P Leins. 1997b. Studies on the early fl oral develop-
ment in Cleomoideae (Capparaceae) with emphasis on the 
androecial development. Plant Syst. Evol. 206: 119–132.

Erdtman G, P Leins, R Melville, and CR Metcalfe. 1969. On the 
relationships of Emblingia. Bot. J. Linn. Soc. 62: 169–186.

Ernst WR. 1963. The genera of Capparaceae and Mor-ingaceae 
in the southeastern United States. J. Arnold Arbor. 44: 
81–95.

Ezelarab GE and KJ Dormer. 1966. The organization of the 
 primary vascular system in the Rhoeadales. Ann. Bot. 30: 
123–132.

Fedotova TA. 1992. Gyrostemonaceae, Bataceae. In: A Takhtajan, 
ed. Comparative seed anatomy, vol. 4, pp. 213–228. Nauka, 
St. Petersburg (in Russian).

Fisel KJ and F Weberling. 1990. Untersuchungen zur 
Morphologic und Ontogenie der Blüten von Tovaria pendula 
Ruiz und Pavon und Tovaria diffusa (Macfad.) Fawcett and 
Rendle (Tovariaceae). Bot. Jahrb. Syst. 111: 365–387.

Frohne D. 1962. Das Verhaltnis von vergleichender Ser-obotanik 
zu vergleichender Phytochemie, dargestellt an serologischen 
Untersuchungen im Bereich der “Rhoeadales.” Planta 
Medica 10: 283–297.

Fulcher WE. 1972. An anatomical and morphological study of 
Batis maritime L. with systematic implications. Diss. Abstr. 
Int. B 32: 6965.

Fursa NS, LE Belyaeva, and VE Avetisian. 1986. Natural com-
pounds of the family Brassicaceae as possible chemotaxo-
nomic characters. Report 4. Glucosinolates, alkaloids, 
sinapine. Rastitel’n. Resursy 22: 449–474 (in Russian).

Galloway GL, RL Malmberg, and RA Price. 1998. Phylogenetic 
utility of the nuclear gene arginine decarboxylase: an exam-
ple from Brassicaceae. Molec. Biol. Evol. 15: 1312–1320.

Gazet du Chatelier G. 1946. Le diagramme de la fl eur des 
Cruciferes. Rec. Trav. Inst. Bot. 2: 5–9.

George AS. 1982. Gyrostemonaceae. Flora Australia 8: 362–379. 
Canberra.

George AS. 2003. Gyrostemonaceae. In: Kubitzki K, ed. The 
families and genera of vascular plants, vol. 5, pp. 213–217. 
Springer, Berlin/Heidelberg/New York.

Gibson AC. 1979. Anatomy of Koeberlinia and Canotia revis-
ited. Madroño 26: 1–12.

Goldblatt P. 1976. Chromosome number and its signifi cance 
in Batis maritima (Bataceae). J. Arnold Arbor. 57: 
526–530.

Goldblatt P. 1979. Chromosome number in two cytologically 
unknown New World families, Tovariaceae and Viviniaceae. 
Ann. Missouri Bot. Gard. 65: 776–777.

Goldblatt P, JW Nowicke, TJ Mabry, and H-D. Behnke. 1976. 
Gyrostemonaceae: status and affi nity. Bot. Not. 129: 
201–206.

Gomez-Campo C. 1980. Morphology and morpho-taxonomy of 
the tribe Brassicaceae. In: S Tsunoda, K Hinata, and 
C Gomez-Campo, eds. Brassica crops and wild allies, 
pp. 3–31. Japan Scientifi c Societies Press, Tokyo.

González-Aguilera JJ and AM Fernández-Peralta. 1984. 
Phylogenetic relationships in the family Resedaceae 
L. Genetica 64: 185–197.

Grubb CD and S Abel. 2006. Glucosinolate metabolism and its 
control. Trends Plant Sci. 11: 89–100.

Guerra M dos Santos. 1989. The chromosome number of Azima 
tetracantha (Salvadoraceae). Plant Syst. Evol. 168: 83–86.

Hall JC and KJ Sytsma. 2000. Solving the riddle of Californian 
cuisine: phylogenetic relationships of capers and mustards. 
Am. J. Bot. 87(6, Suppl.): 132.

Hall JC, KJ Sytsma, and HH Iltis. 2002. Phylogeny of 
Capparaceae and Brassicaceae base on chloroplast sequence 
data. Am. J. Bot. 89: 1826–1842.

Hall JC, HH Iltis, and KJ Sytsma. 2004. Molecular phylogenet-
ics of core Brassicales, placement of orphan genera 
Emblingia, Forchhammeria, Tirania, and character evolu-
tion. Syst. Bot. 29: 654–669.

Hedge IC, A Kjaer, and O Malver. 1980. Dipterygium – 
Cruciferae or Capparaceae? Notes Roy. Bot. Gard. Edinb. 
38: 247–250.

Hennig L. 1929. Beiträge zur Kentnis der Resedaceen-Blüte und 
Frucht. Planta 9: 507–563.

Holl JC, HH Iltis, and KJ Sytsma. 2004. Molecular phylogenet-
ics of core Brassicales, placement of orphan genera 
Emblingia, Forchhammeria, Tirania, and character evolu-
tion. Syst. Bot. 29: 654–669.

Hufford L. 1996. Developmental morphology of female fl owers 
of Gyrostemon and Tersonia and fl oral evolution among 
Gyrostemonaceae. Am. J. Bot. 83: 1471–1487.

Hurka H, M Paetsch, W Bleeker, and B Neuffer. 2005. Evolution 
within the Brassicaceae. Nova Acta Leopoldina NF 92: 
113–127.

Iltis HH. 1957. Studies in the Capparidaceae: III. Evolution and 
phytogeny of the western North American Cleomoideae. 
Ann. Missouri Bot. Gard. 44: 77–119.

Iltis HH. 1999. Setchellanthaceae (Capparales), a new family for 
a relictual, glucosinolate-producing endemic of the Mexican 
deserts. Taxon 48: 257–275.

Inamdar JA. 1969. The stomatal structure and ontogeny in Azima 
and Salvadora. Flora 158: 519–525.



258 Subclass V. DILLENIIDAE

Iversen T-H. 1970. The morphology, occurrence, and distribu-
tion of dilated cisternae of the endoplasmic reticulum in tis-
sues and plants of the Cruciferae. Protoplasma 71: 467–477.

Janchen E. 1942. Das System der Cruciferen. Oesterr. Bot. Z. 
91: 1–28.

Johnson DS. 1935. The development of the shoot, male fl ower, 
and seedling of Batis maritima L. Bull. Torrey Bot. Club 62: 
19–31.

Jørgensen LB. 1981. Myrosin cells and dilated cisternae of the 
endoplasmic reticulum in the order Capparales. Nord. J. Bot. 
1: 341–460.

Jørgensen LB. 1999. Absence of myrosin cells in Koeberlinia. 
In Linnean Society Symposium under the microscope: plant 
anatomy and systematics. Abstracts: 32.

Jørgensen LB, H-D Behnke, and TJ Mabry. 1977. Protein-
accumulating cells and dilated cisternae of the endoplasmic 
reticulum in three glucosinolate containing genera: 
Armoracia, Capparis, Drypetes. Planta 137: 215–224.

Kamelin RV. 2002. Cruciferae: concise review of the system. 
Barnaul University, Barnaul. (In Russian).

Karol KG, JE Rodman, E Conti, and KJ Sytsma. 1999. 
Nucleotide dequence of rbcL and phylogenetic relationships 
of Setchellanthus caeruleus (Setchellanthaceae). Taxon 48: 
303–315.

Keighery GJ. 1975. Chromosome numbers in the 
Gyrostemonaceae Endl. and the Phytolaccaceae Lindl.: a 
comparison. Aust. J. Bot. 23: 335–338.

Keighery GJ. 1981. The breeding system of Emblingia 
(Emblingiaceae). Plant Syst. Evol. 137(1–2): 63–65.

Kers LE. 2003. Capparaceae. In: K Kubitzki, ed. The families 
and genera of vascular plants, vol. 5, pp. 36–56. Springer, 
Berlin/Heidelberg/New York.

Khalik KA and LJG van der Maesen. 2002. Seed morphology of 
some tribes of Brassicaceae (implications for taxonomy and 
species identifi cation for the fl ora of Egypt). Blumea 47: 
363–383.

Kjaer A. 1968. Glucosilonates in Tovariaceae. Phytochemistry 
7: 131–133.

Kjaer A. 1976. Glucosinolates in the Cruciferae. In: JG Vaughan, 
AJ Macleod, and BMG Jones, eds. The biology and chemis-
try of the Cruciferae, pp. 207–219. Academic, London.

Kjaer A and O Malver. 1979. Glucosinulates in Tersonia brevi-
pes (Gyrostemonaceae). Phytochemistry 18: 1565.

Koch M. 2003. Molecular phylogenetics, evolution and popula-
tion biology in Brassicaceae. In: AK Sharma and A Sharma, 
eds. Plant genome: biodiversity and evolution, vol. 1, part A. 
Phanerogams, pp. 1–35. Science Publishers, Enfi eld, NH.

Koch M, B Haubold, and T Mitchell-Olds. 2001. Molecular sys-
tematics of the Brassicaceae: evidence from coding plastidic 
matK and nuclear Chs sequences. Am. J. Bot. 88: 534–544.

Koch, M, IA Al-Shehbaz, and K Mummenhoff. 2003. Molecular 
systematics, evolution, and population biology in the mus-
tard family (Brassicaceae). Ann. Missouri Bot. Gard. 90: 
151–171.

Koch M, C Dobes, M Matschinger, W Bleeker, J Vogel, M Kiefer, 
and T Mitchell-Olds. 2005. Evolution of the trnF(GAA) gene 
in Arabidopsis relatives and the Brassicaceae family: mono-
phyletic origin and subsequent diversifi cation of a plastidic 
pseudogene. Molec. Biol. Evol. 22: 1032–1043.

Kolbe KP. 1978. Serologische Beiträge zur Systematik der 
Capparales. Bot. Jahrb. Syst. 99: 468–489.

Koudogbo B and P Delaveau. 1974. Chimotaxonomie des 
Capparidaceae. Plant Med. Phytotherapie 8: 96–103.

Koul KK, N Ranjna, and SN Raina. 2000. Seed coat 
microsculpturing in Brassica and allied genera (sub-
tribes Brassicinae, Raphaninae, Moricandiinae). Ann. 
Bot. 86: 385–397.

Kozo-Poljanski BM. 1945. The origin of the fl owers of 
Cruciferae in the light of teratology: teratology of the fl ower 
and new problems of its theory. Bot. Zhurn. 30: 14–30 
(in Russian).

Kshetrapal S. 1970. A contribution to the vascular anatomy of 
the fl ower of certain species of the Salvadoraceae. J. Indian 
Bot. Soc. 49: 92–99.

Kubitzki K. 2003a. Emblingiaceae. In: K Kubitzki, ed. The fam-
ilies and genera of vascular plants, vol. 5, pp. 206–208. 
Springer, Berlin/Heidelberg/New York.

Kubitzki K. 2003b. Koeberliniaceae. In: K Kubitzki, ed. The 
families and genera of vascular plants, vol. 5, pp. 218–219. 
Springer, Berlin/Heidelberg/New York.

Kubitzki K. 2003c. Resedaceae. In: K Kubitzki, ed. The families 
and genera of vascular plants, vol. 5, pp. 334–338. Springer, 
Berlin/Heidelberg/New York.

Kubitzki K. 2003d. Salvadoraceae. In: K Kubitzki, ed. The fami-
lies and genera of vascular plants, vol. 5, pp. 342–344. 
Springer, Berlin/Heidelberg/New York.

Kubitzki K. 2003e. Setchellanthaceae. In: K Kubitzki, ed. The 
families and genera of vascular plants, vol. 5, pp. 353–354. 
Springer, Berlin/Heidelberg/New York.

Kumar A, SR Rao, and TS Rathore. 2002. Cytological investiga-
tions in some important tree species of Rajasthan: 4. Male 
meiosis studies in the genus Salvadora L. Cytologia (Japan) 
67(2): 105–115.

Kuprianova LA. 1965. Palynology of Amentiferae. Nauka, 
Leningrad (in Russian).

La-Serna Ramos I. 1996. Pollen characters of Canary 
Resedaceae with special reference to endemic taxa. Grana 
35: 16–23.

Leins P and G Metzenauer. 1979. Entwicklungs-geschichtliche 
Untersuchungen an Capparis-Bluten. Bot. Jahrb. Syst. 100: 
542–554.

Leins P and U Sobick. 1977. Die Blütenentwicklung von Reseda 
lutea. Bot. Jahrb. Syst. 98: 133–149.

Lysack MA, MA Koch, A Pecinka, and I Schubert. 2005. 
Chromosome triplication across the tribe Brassiceae. 
Genome Res. 15: 516–525.

Mabry TJ. 1976. Pigment dichotomy and DNA-RNA hybridiza-
tion data for centrospermous families. Plant Syst. Evol. 126: 
79–94.

Mabry TJ and BL Turner. 1964. Chemical investigations of the 
Batidaceae. Betaxanthins and their systematic implications. 
Taxon 13: 197–200.

Maheshwari Devi H. 1972. Salvadoraceae: a study of its embry-
ology and systematics. J. Indian Bot. Soc. 51: 56–62.

Mauritzon J. 1934. Die Embryologie einiger Capparidaceen 
sowie von Tovaria pendula. Arkiv Bot. 26A(15): 1–14.

McLaughlin L. 1959. The woods and fl ora of the Florida Keys: 
wood anatomy and phylogeny of Batidaceae. Trop. Woods 
110: 1–15.

McLean WFH, G Blunden, and K Jewers. 1996. Quaternary 
ammonium compounds in the Capparaceae. Biochem. Syst. 
Ecol. 24(5): 427–434.



Superorder CAPPARANAE 259

Mehta IJ and MF Moseley, Jr. 1981. The fl oral anatomy of 
Koeberlinia Zucc.: systematic implications. Am. J. Bot. 68: 
482–497.

Melikian AP. 1990. Comparative studies of fruits and seeds of 
the representatives of the family Phytolaccaceae R. Br. In: 
VN Tikhomirov and AN Sladkov, eds. Morphology of the 
centrosperms as a source of evolutionary information, 
pp. 151–180. Nauka, Moscow (in Russian).

Melikian AP and IA Savinov. 2000. Salvadoraceae. In: 
AL Takhtajan, ed. Comparative seed anatomy, vol. 6, 
pp. 139–140. Nauka, St. Petersburg (in Russian).

Meyer-Melikian NR. 1990. Palynomorphology of the family 
Phytolaccaceae R. Br. In: VN Tikhomirov and AN 
Sladkov, eds. Morphology of the centrosperms as a source 
of evolutionary information, pp. 104–151. Nauka, Moscow 
(in Russian).

Ming D and G Hellekant. 1994. Brazzein, a new high-potency 
sweet protein from Pentadiplandra brazzeana. B. FEBS 
Lett. 335: 106–108.

Mitchell-Olds T, IA Al-Shehbaz, MA Koch, and TF Sharbel. 
2005. Crucifer evolution in the post-genomic era. 
In: RJ Henry, ed. Plant diversity and evolution: genotypic 
and phenotypic variation in higher plants, pp. 119–137. 
CABI International, Wallingford.

Murty YS. 1953. A contribution to the anatomy and morphology 
of normal and some abnormal fl owers of Gynandropsis 
gynandra (L.) Briq. J. Indian Bot. Soc. 32: 108–122.

Narayana HS. 1962, 1965. Studies in the Capparidaceae: I. The 
embryology of Capparis decidua (Forsk.) Pax. II. Floral 
morphology and embryology of Cadaba indica Lamk. and 
Grata evanurvala Buch.-Ham. Phytomorphology 12: 167–
177, 1962; 15: 158–175, 1965.

Narayana LL and A Parvathi. 1980. Chemotaxonomy of 
Capparidaceae. Phyta 2–3: 87–91.

Norris T. 1941. Torus anatomy and nectary characteristics as phy-
logenetic criteria in the Rhoeadeles. Am. J. Bot. 28: 101–113.

Oksiyuk PF. 1937. Comparative cyto-embryological study in the 
Resedaceae. I. Reseda and Astrocarpus. Zhurn. Inst. Bot. 
(Kiev) 12: 2–46 (in Russian).

Orr MY. 1919. The occurrence of tracheal tissue enveloping the 
embryo in certain Capparidaceae. Notes Roy. Bot. Gard. 
Edinb. 11: 249–257.

Orr MY. 1921. Observations on the structure of the seed in the 
Capparidaceae and Resedaceae. Notes Roy. Bot. Gard. 
Edinb. 12: 259–260.

Pant DD and PF Kidwai. 1967. Development of stomata in some 
Cruciferae. Ann. Bot. (London) 31: 513–521.

Pillai A and SK Pillai. 1977. Some aspects of the anatomy of 
Salvadora oleoides Decne. Flora 166: 211–218.

Polowick PL and VK Sawhney. 1986. A scanning electron micro-
scopic study on the initiation and development of fl oral organs 
Brassica napus (cv. Westar). Am. J. Bot. 73: 254–263.

Prasad K. 1975. Development and organization of gametophytes 
in certain species of Cruciferae. Acta Bot. Indica 3: 147–154.

Prasad K. 1979. Morphology and histochemistry of the nucellus 
and endosperm of Cruciferae. Bot. Jahrb. Syst. 100: 536–541.

Price RA, IA Al-Shehbaz, and JD Palmer. 1994. Systematic 
relationships of Arabidopsis: a molecular and morphological 
perspective. In: E Meyerowitz and C Somerville, eds. 
Arabidopsis, pp. 7–19. Cold Spring Harbor Laboratory Press, 
New York.

Prijanto B. 1970. Batidaceae, Gyrostemonaceae. In: G Erdtman, 
ed. World pollen fl ora, vol. 3, pp. 1–11. Plenum, New York.

Puri V. 1941. Studies in fl oral anatomy: I. Gynoecium constitu-
tion in the Cruciferae. Proc. Indian Acad. Sci. 14B: 
166–187.

Puri V. 1942. Studies in fl oral anatomy: II. Floral anatomy of the 
Moringaceae with special reference to gynoedum constitu-
tion. Proc. Natl. Inst. Sci. India 8: 71–88.

Puri V. 1950. Studies in fl oral anatomy: VI. Vascular anatomy of 
the fl ower of Crataeva religiosa Forst., with special refer-
ence to the nature of the carpels in the Capparidaceae. Am. J. 
Bot. 37: 363–370.

Raghavan TS. 1937, 1939. Studies on the Capparidaceae: I. The 
life-history of Cleome cholidonii Linn. fi l. II. Floral anatomy 
and some structural features of the capparidaceous fl ower. 
Bot. J. Linn. Soc. 51: 43–72, 1937; 52: 239–257.

Raghavan TS and KR Venkatasubban. 1941. Studies in the 
Capparidaceae: V. The fl oral morphology of Crataeva 
religiosa Forst. VII. Floral ontogeny and anatomy of 
Crataeva religiosa with special reference to the morphol-
ogy of the carpel. Beih. Bot. Centralbl. 60: 388–396; 
397–416.

Record S. 1926. The wood of Koeberlinia spinosa Zuccarini. 
Trop. Woods 8: 15–17.

Rodionova GB. 1982. Tovariaceae and Capparaceae. In: 
MS Yakovlev, ed. Comparative embryology of fl owering 
plants, vol. 2, pp. 149–154. Nauka, Leningrad (in Russian).

Rodionova GB. 1992. Capparaceae. Brassicaceae. Tovariaceae. 
In: AL Takhtajan, ed. Comparative seed anatomy, vol. 4, 
pp. 183–202. Nauka, St. Petersburg (in Russian).

Rodionova GB. 1997. The main directions of evolution of fami-
lies in the order Capparales on the basis of embryological 
characteristics. Byull. Glavn. Bot. Sada (Moscow) 175: 
142–146 (in Russian with English summary).

Rodman JE, KG Karol, RA Price, E Conti, and KJ Sytsma. 
1994. Nucleotide sequences of rbcL confi rm the capparalean 
affi nity of the Australian endemic Gyrostemonaceae. Aust. 
Syst. Bot. 7: 57–69.

Rodman JE, KG Karol, RA Price, and KJ Sytsma. 1996. 
Molecules, morphology, and Dahlgren’s expanded order 
Capparales. Syst. Bot. 21: 289–307.

Rodman JE, PS Soltis, DE Soltis, KJ Sytsma, KG Karol. 1998. 
Parallel evolution of glucosinolate biosynthesis inferred 
from congruent nuclear and plastid gene phylogenies. Am. J. 
Bot. 85: 997–1006.

Rogers GK. 1982. The Bataceae in the southeastern United 
States. J. Arnold Arbor. 63: 375–386.

Rollins RC. 1993. The Cruciferae of continental North America: 
systematics of the mustard family from the Arctic to Panama. 
Standford University Press, Stanford.

Rollins RC and UC Banerjee. 1976. Trichomes in studies of the 
Cruciferae. In: JG Vaughan, AJ Macleod, and BMG Jones, 
eds. The biology and chemistry of the Cruciferae, pp. 145–166. 
Academic, London.

Rollins RC and UC Banerjee. 1979. Pollens of the Cruciferae. 
The Bussey Institution of Harvard University, Cambridge, 
MA.

Ronse Decraene LP. 2002. Floral development and anatomy of 
Pentadiplandra (Pentadiplandraceae): a key genus in the 
identifi cation of fl oral morphological trends in the core 
Brassicales. Canad. J. Bot. 80: 443–459.



260 Subclass V. DILLENIIDAE

Ronse Decraene LP. 2005. Floral developmental evidence for 
the systematic position of Batis (Bataceae). Am. J. Bot. 92: 
752–760.

Ronse Decraene LP and E Haston. 2006. The systematic rela-
tionships of glucosinolate-producing plants and related fami-
lies: a cladistic investigation based on morphological and 
molecular characters. Bot. J. Linn. Soc. 151: 453–494.

Ronse Decraene LP and EF Smets. 1997a. A fl oral ontogenetic 
study of some species of Capparis and Boscia, with special 
emphasis on the androecium. Bot. Jahrb. Syst. 119: 231–255.

Ronse Decraene LP and EF Smets. 1997b. Evidence for carpel 
multiplications in the Capparaceae. Belg. J. Bot. 130: 59–67.

Rössler W. 1974. Myrosinzellen bei Tovaria. Phyton (Horn) 16: 
231–522.

Royen P van. 1956. A new Batidaceae, Batis argillicola. Nova 
Guinea 7: 187–195.

Schranz ME and T Mitchell-Olds. 2006. Independent ancient 
polyploidy events in the sister families Brassicaceae and 
Cleomaceae. Plant Cell 18: 1152–1165.

Schraudolf H. 1969. Serotonin und Indoglucosinolate in Tovaria 
pendula. Naturwissenschaften 56: 462–463.

Schraudolf H., Schmidt B., Weberling F. 1971. Das Vorkommen 
von “Myrosinase” als Hinweis auf die systematische Stellung 
der Batidaceae. Experientia 27: 1090–1091.

Schweingruber FH. 2006. Anatomical characteristics and eco-
logical trends in the xylem and phloem of Brassicaceae and 
Resedaceae. IAWA J. 27: 419–442.

Singh D and S Gupta. 1968. The seeds of the Violaceae and 
Resedaceae: a comparison. J. Indian Bot. Soc. 46: 248–256.

Sobick U. 1983. Blütenentwicklungsgeschichtliche Unter-
suchungen an Resedaceen unter besonderer Berücksichrigung 
von Androeceum und Gynoeceum. Bot. Jahrb. Syst. 104: 
203–248.

Spratt ER. 1932. The gynoecium of the family Cruciferae. 
J. Bot. 70: 308–314.

Stern WL, GK Brizicky, and FN Tamolang. 1963. The woods 
and fl ora of the Florida keys: Capparaceae. Contr. U.S. Natl. 
Herb., vol. 34, part 2. Washington, DC.

Stoudt HN. 1941. The fl oral morphology of some of the 
Capparidaceae. Am. J. Bot. 28: 664–675.

Subramanian D and G Susheela. 1988. Cytotaxonomical studies 
of South Indian Capparidaceae. Cytologia 53: 679–684.

Tieghem P van. 1903. Sur les Batidacees. J. Bot. (Morot) 17: 
363–376.

Tobe H, S Carlquist, HH Iltis. 1999. Reproductive anatomy 
and relationships of Setchellanthus caeruleus (Setchellan-
thaceae). Taxon 48: 287–283.

Tobe H and PH Raven. 1991. The embryology and relationships 
of Gyrostemonaceae. Aust. Syst. Bot. 4: 407–420.

Tobe H and PH Raven. 1992. The embryology and relationships 
of Bataceae. Syst. Bot. 19: 485–496.

Tobe H and M Takahashi. 1995. Pollen morphology of 
Gyrostemonaceae, Bataceae, and Koeberlinia. J. Plant Res. 
108(1091): 283–288.

Tomb AS. 1999. Pollen morphology and relationships of 
Setchellanthus caeruleus (Setchellanthaceae). Taxon 48: 
285–288.

Uphof JC. 1930. Biologische Beobachtungen an Batis maritima 
L. Oesterr. Bot. Z. 79: 355–367.

Vaughan JG and JM Whitehouse. 1971. Seed structure and the 
taxonomy of the Cruciferae. Bot. J. Linn. Soc. 64: 383–409.

Vaughan JG, AJ McLeod, and BMG Jones, eds. 1976a. The 
biology and chemistry of the Cruciferae. Academic, London/
New York/San Francisco.

Vaughan JG, JR Phelan, and KE Denford. 1976b. Seeds studies 
in the Cruciferae. In: JG Vaughan JG, AJ McLeod, and BMG 
Jones, eds. The biology and chemistry of the Cruciferae, pp. 
119–144. Academic, London.

Verdcourt B. 1968. Salvadoraceae. In: E Milne-Redhead and 
RM Polhill, eds. Flora of tropical East Africa. Government 
Printer, London.

Warwick SI and IA Al-Shehbaz. 2006. Brassicaceae: 
Chromosome number index and database on CD-Rom. Plant 
Syst. Evol. 259: 237–248.

Warwick SI and LD Black. 1997. Phylogenetic implications of 
chloroplast DNA restriction site variation in subtribes 
Raphaninae and Cakilinae (Brassicaceae, tribe Brassiceae). 
Canad. J. Bot. 72: 1692–1701.

Warwick SI and CA Saunder. 2005. Phylogeny of the tribe 
Brassiceae (Brassicaceae) based on chloroplast restriction 
site polymorphisms and nuclear ribosomal internal tran-
scribed spacer and chloroplast trnL intron sequences. Canad. 
J. Bot. 83: 467–483.

Warwick SI, A Francis, and IA Al-Shehbaz. 2006. Brassicaceae: 
Species checklist and database on CD-Rom. Plant Syst. 
Evol. 259: 249–258.

Wel H van der, G Larson, A Hladik, G Hellekant, and D Glaser. 
1989. Isolation and characterization of pentadin, the sweet 
principle of Pentadiplandra brazzeana Baillon. Chem. 
Senses 14: 75–79.

Wittstock U and BA Halkier. 2002. Glucosinolate research in the 
Arabidopsis era. Trends in Plant Science 7: 263–270.

Zohary M. 1948. Carpological studies in Cruciferae. Palestine J. 
Bot. Jerusalem 4: 158–165.

Zunk K, K Mummenhoff, and H Hurka. 1999. Phylogenetic 
relationships in tribe Lepidieae (Brassicaceae) based on 
chloroplast DNA restriction site variation. Canad. J. Bot. 77: 
1504–1512.

Superorder MALVANAE

Order 75. MALVALES

Trees, shrubs, woody lianas, or herbs. Mostly with 
tufted or stellate hairs or peltate scales, or less often 
with unicellular hairs, sometimes also with glands, 
more rarely lepidote, exceptionally with prickles or 
spines. Mucilage cells, cavities, or canals usually pres-
ent in the parenchymatous tissues and sometimes in 
the wood and roots. Vessels with simple perforations 
lateral pitting usually alternate. Fibers with simple 
pits. Rays heterogeneous to homogeneous. Axial 
parenchyma apotracheal or paratracheal. Some cells of 
the rays and the axial parenchyma usually contain pris-
matic, mostly solitary crystals. Phloem in young stem 
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stratifi ed tangentially into hard and soft layers and 
generally with wedge-shaped rays Sieve-element plas-
tids of S-type. Nodes trilacunar, pentalacunar, multila-
cunar, or rarely unilacunar. Leaves alternate or 
opposite, or rarely verticillate, often palmately veined, 
simple to palmately compound, usually stipulate, peti-
olar vascular system usually complex. Stomata ano-
mocytic or paracytic, sometimes anisocytic or 
encyclocytic. Flowers in various types of basically 
cymose infl orescences, or less often solitary, mostly 
bisexual, usually actinomorphic, mostly 5-merous, 
commonly with a double perianth, often provided with 
an epicalyx. Nectaries usually consisting of tufts of 
glandular hairs and mostly borne at the base of sepals. 
Sepals free or basally connate, valvate or rarely 
(Monotaceae except Pseudomonotes) imbricate. Petals 
free or sometimes basally adnate to the fi lament tube, 
contorted, imbricate or valvate, sometimes reduced 
or wanting. Nectary disc, if present, of glandular 
trichomes on ventral face of sepals, more rarely on 
petals or androgynophore. Stamens basically in two 
cycles, mostly fi ve to very numerous (usually more or 
less numerous), rarely (Pimelea) 1–2, developing in 
centrifugal sequence when numerous, free or often 
the fi laments connate into a tube or 5–10(15) fascicles; 
members of the outer cycle often wanting or trans-
formed into staminodia. Anthers basifi xed or dorsi-
fi xed, tetrasporangiate and 2-locular or disporangiate 
and 1-locular, opening longitudinally or less often 
by apical pores. Tapetum secretory or amoeboid. 
Microsporogenesis simultaneous. Pollen grains 2-celled 
or 3-celled, from 3-colpate or 3-colporate to panto-
porate. Gynoecium of two to many (often fi ve) united 
carpels (secondarily apocarpous or partly apocarpous 
in some Sterculiaceae) with free or more or less 
united stylodia; ovary superior or rarely inferior 
(Neotessmannia), with as many locules as the carpels 
or seldom unilocular by failure of the intruded parietal 
placentas to meet in the center. Ovules 1-many in each 
locule or on each placenta, ascending or pendulous, 
anatropous to campylotropous and hemitropous, rarely 
orthotropous, bitegmic, crassinucellate. Female game-
tophyte of Polygonum-type. Endosperm mostly 
nuclear. Fruits usually dry, dehiscent or indehiscent, 
less often fl eshy, rarely winged. Seed coat generally 
formed by both the integuments, and usually exoteg-
mic; embryo straight or less often curved; endosperm 
present or wanting. Often produce fatty acids contain-
ing a cyclopropenyl ring.

Malvales have many features in common with the 
Violales, particularly with Flacourtiaceae (especially 
with the Prockieae). Both the anatomy of vegetative 
organs and the palynological data confi rm the origin 
of Malvales from Flacourtiaceae through the inter-
mediate group Scolopieae s.1. (including Prockieae 
and Banareae) (Keating 1973; Miller 1975). It is also 
confi rmed by chemotaxonomical data (Alston and 
Turner 1963).

Key to Families
1 Anthers tetrasporangiate and 2-locular.

2 Nodes 3-lacunar.
3 Anthers opening longitudinally.

4 Style not gynobasic.
5 Stamens free or shortly connate at the 

base.
6 Mucilage cells or cavities present.

7 Pollen grains usually in monads.
8 Seeds with copious or scanty, oily 

endosperm, often with fatty acids 
that contain cyclopropene. Trees, 
shrubs, or sometimes herbs, pro-
vided with simple or more often 
stellate hairs or peltate scales. 
Nodes trilacunar. Leaves alter-
nate or rarely opposite, entire or 
often dentate or lobed, mostly 
palmately or pinnipalmately 
veined, often asymmetric. 
Stomata usually anomocytic. 
Flowers in various types of 
cymose infl orescences, paired or 
solitary, mostly bisexual, some-
times with basally connate. Petals 
as an epicalyx. Sepals (3-)5, val-
vate, free or sometimes many as 
sepals, free, contorted, imbricate 
or valvate, sometimes wanting. 
Nectaries usually consist of vari-
ously located tufts of glandular 
trichomes. Stamens mostly 
numerous, free or shortly basally 
connate or in 5–10 fascicles; 
anthers opening longitudinally or 
sometimes by apical pores. Pollen 
grains in monads, 3-colporate to 
3-porate. Androgynophore pres-
ent or absent. Gynoecium of two 
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to many carpels; style with a 
lobed or capitate stigma; ovary 
superior, plurilocular or 
(Goethalsia, Mollia) unilocular, 
with (1)2-several ovules on axile 
or intruded parietal placentas in 
each locule. Fruits dry or fl eshy, 
dehiscent or not. Embryo mostly 
straight, n = 7–41. 2. tiliaceae.

8 Endosperm scanty or none.
9 Stem with characteristic verti-

cal branching system of inter-
cellular resin canals in the pith, 
wood, and bark. Ectomycorrhizal 
trees. Secretory cavities in pith 
absent. Rays heterogeneous to 
homogeneous, larger rays 
multiseriate. Flowers without 
androgynophore. Sepals val-
vate, often two or more of them 
conspicuously accrescent and 
wing-like in fruit. Anthers bas-
ifi xed. Pollen grains 3-colpate, 
the exine convoluted, without 
clear columellae. Ovary 
(2)3-locular, each locule with 
two ovules; micropyle endos-
tomal. Produced terpenoids, 
sesquiterpene oleoresins and 
dipterocarpol. n = 6, 7, 10, 11(-
13).  . . . 3. dipterocarpaceae.

9 Stem without resin canals. 
Secretory cavities in pith pres-
ent. Rays heterogeneous, uni-
seriate or sometimes biseriate. 
Flowers with or without 
androgynophore. Sepals imbri-
cate or less often valvate, equally 
accrescent, sometimes winglike. 
Anthers basiversatile. Pollen 
grains 3-colporate, the exine 
tectate- columellate. Ovary 
2–5-locular, each locule with 
1–2 or 4 ovules. Fruits 1-seeded, 
nutlike, or 3–5 locular  capsules. 
Produced sesqui- and triterpe-
noids.. . . . . . . .4. monotaceae.

7 Pollen grains in tetrads, 3–6-colpate. 
Stamens usually very numerous, 

rarely (spp. of Leptolaena) 5–10, 
usually persistent, generally inserted 
inside an entire or toothed, more or 
less cupular nectary disc of stamino-
dial origin; fi laments free or weakly 
connate at the base into 5–10 fasci-
cles; anthers basi- or dorsifi xed, 
opening longitudinally. Gynoecium 
of 3–4(5) carpels with a terminal 
style and expanded, usually lobed 
stigma; ovary with as many locules 
as carpels, with (1)2-many ovules 
per carpel; ovules apical-descendent, 
basal-ascendant, or axile in the mid-
dle of the ovary, anatropous. Petals 
contorted, 5(-6), large, free or slightly 
united at the base. Sepals mostly 
3(4–5), imbricate-contorted, when 
more than three, the outer ones 
smaller than the inner three. Flowers 
in umbel-like or more or less panicu-
liform infl orescence or rarely soli-
tary, bisexual, usually subtended by 
an involucel (epicalyx) of bracteoles 
more or less connate to form a cup; 
in Eremolaena epicalyx lacking. 
Fruits loculicidal capsules or inde-
hiscent and with only one or a few 
seeds. Seeds hairy or not, with 
straight embryo; seed coat exoteg-
mic; endosperm usually copious and 
starchy, sometimes ruminate or 
reduced; cotyledons cordate. Leaves 
simple, entire, usually persistent, 
with usually caducous stipules. 
Nodes trilacunar. Trees or shrubs, 
often with stellate hairs. Presence of 
sapinins, glucosides of myrcetin 
and other fl avonols, phenolic acids 
of the cinnamic and the benzoic 
series, n = 11.  5. sarcolaenaceae.

6 Mucilage cells and cavities absent. 
Phloem not stratifi ed.
10 Trichomes glandular with globular 

heads. Small to medium sized trees 
or shrubs; pubescent of stellate, 
long unbranched, and glandular 
hairs, especially on young growth. 
Perforation plates non-bordered or 
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minimally bordered. Axial paren-
chyma diffuse, scanty vasicentric, 
diffuse-in-aggregated. Leaves 
alternate, distichous, petiolate, 
blades asymmetrically cordate at 
base, palminerved, their margin 
serrate; stipule-like appendages 
fi liform or foliaceous and peltate. 
Flowers in supra-axillary position, 
solitary of in few-fl owered clusters, 
pedicellate, actinomorphic, usually 
bisexual. Sepals (4-)5(-7), valvate 
in bud, with more or less spreading 
tips, basally fused, forming a sau-
cer- to cup-like tube. Petals (4)5(-
7), more or less crumpled in bud, 
imbricate, free, longer than the 
calyx, thin, caducous, the outer 
margin irregular. Stamens numer-
ous; fi laments fi liform, free or 
almost so; anthers dithecal, some-
times versatile, fi xed at or near the 
base of the connective, dehiscing 
by longitudinal slits, sometimes 
restricted to their apical portion. 
Pollen grains 3-colporate. Ovary 
superior to inferior, syncarpous, 
5-many locular, sometimes 1-locu-
lar in the upper part, lobed, pendu-
lous; style thick, sometimes almost 
lacking; stigma thick, lobed-sulcate 
to decurrent. Ovules numerous. 
Fruits indehiscent, baccate. Seeds 
numerous, small; embryo short, 
straight. Endosperm composed of 
large, thin-walled cells, oily. 
Contain gallic and ellagic acids, 
n = 14, 15. . . . 1. muntingiaceae.

10 Trichomes stellate or simple, not 
glandular. Prostrate, tomentose, 
perennial and annual herbs with 
stellate trichomes; stems sympo-
dial, more or less woody below. 
Vessels with simple perforations; 
lateral pitting opposite, sometimes 
nearly alternate. Have lysigenous 
mucilage ducts in the pith. Sieve-
element plastids of Pcs-type. 
Leaves alternate, simple, toothed, 

lobed to pinnatifi d; estipulate. 
Stomata anomocytic. Flowers soli-
tary on axillary peduncles, bisex-
ual, actinomorphic, sometimes 
with an epicalyx of fi ve bra cteoles, 
5-merous. Sepals and petals united 
into a fl oral tube that is dry at matu-
rity. Calyx lobes more or less val-
vate, corolla lobes imbricate or 
contorted. Stamens 10, borne on 
the fl oral tube; fi laments  elongate, 
 subulate, glabrous or rarely pubes-
cent, more or less persistent; 
anthers small, introrse, dorsifi xed, 
opening longitudinally. Pollen 
grains 3-celled, 3-colporate, of a 
unique bipolar type, with 3(4) 
pores at each end. Gynoecium of 
10 or (Grielum) 5–10 united car-
pels, with free subulate or fi liform 
stylodia that eventually become 
indurated; stigmas small, capitate; 
ovary more or less inferior, mul-
tilocular, but 2–4 of the locules on 
the side toward the peduncle more 
or less reduced, or their ovules not 
maturing, with one ovule in each of 
the fully developed locules. Ovules 
pendulous, anatropous, apotropous. 
Fruits dry, laterally membranous-
winged or spinose-muricate, car-
pels dehiscing ventrally, stylodia 
sometimes spinescent. Seeds six to 
several; exotegmic cells tangen-
tially elongated, crystalliferous, 
other tegmic cells persistent; 
embryo contains protein and oil, 
but lacks starch; endosperm lack-
ing. Cyclopropenoid fatty acids 
 present; n = 7.  . .6. neuradaceae.

5 Stamens generally connate into a tube 
around the ovary, often seated on an 
androgynophore, basically in two cycles, 
the outer usually staminodial or some-
times suppressed, the inner often 
branched. Anthers opening by longitudi-
nal slits or rarely by apical pores. Pollen 
grains from 3-colporate and smooth or 
reticulate to periporate and spinulose. 
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Gynoecium usually of fi ve carpels, with 
stylodia free or more or less connate into 
a style. Ovary with as many locules as 
carpels or rarely unilocular through the 
failure of the parietal placentas to meet in 
the center; in the tribe Sterculieae the 
carpels united only by their stylodia and 
becoming free at maturity, or wholly dis-
tinct from the beginning (as in Cola), but 
this kind of apocarpy is most probably of 
secondary origin (Takhtajan 1966). 
Ovules (1)2 to many per locule, free car-
pel or free placenta. Fruits of various 
types. Seeds sometimes arillate, with 
straight or curved embryo and usually 
copious endosperm or rarely (as in Cola) 
without endosperm. Flowers bisexual or 
less often unisexual, usually actinomor-
phic. Sepals valvate. Petals often small 
and reduced, contorted, sometimes 
absent, as in Sterculieae. Leaves alter-
nate, from simple and entire to palmately 
lobed and palmately compound, stipu-
late. Stomata mostly anomocytic. Trees, 
shrubs (sometimes lianoid), or rarely 
herbs. Vessels with simple perforation of 
rarely (Lasiopetalum) with rudimentarily 
scalariform, n = 15, 16, 18, 20, 21 +.
  . . . . . . . . . . . . . . . . .7. sterculiaceae.

4 Style more or less gynobasic.
11 Sepals and petals 5(6). Stipules broad 

and coiled around the terminal bud, 
caducous, and leaving a horizontal scare. 
Leaves simple, entire, pinnately veined, 
densely minutely pellucid-punctate, 
smelling of camphor when crushed. 
Stomata cyclocytic. Flowers in terminal, 
few-fl owered, paniculiform infl ores-
cences, large, bisexual, fragrant. Sepals 
free, widely imbricate, unequal (the 
outer smaller), persistent until the begin-
ning of fruit development. Petals free, 
large, slightly unequal, widely imbricate, 
caducous. Stamens very numerous (up to 
435 – Capuron 1963), free; fi laments fi li-
form; anthers basifi xed, opening later-
ally by  longitudinal slits. Pollen grains 
small, spheroidal, 3- colporate. 
Gynoecium of 2–4 free carpels with 

common central elongate gynobasic 
style with punctiform stigma; carpels 
ovoid, very verrucose and with numer-
ous small, peltate glands. Ovules two in 
each carpel, basal, ascending, with 
micropyle facing outward. Fruits of 1–3 
free 1-seeded mericarps with thin, cori-
aceous pericarps and with many small 
glands; seed coat thin, no palisade layer, 
inwardly-curving exo tegmen or 
hypostase plug; embryo with thick cot-
yledons; endosperm absent. Shrubs or 
small trees. . . . . . 8. diegodendraceae.

11 Sepals and petals four. Stipules large, 
caducous. Leaves simple, entire, pubes-
cent or glabrous, pinnately veined or 
3-veined, not pellucid-punctate and not 
smelling of camphor when crushed. 
Stomata anomocytic or anisocytic. 
Flowers in axillary or terminal cymose 
infl orescences, bisexual. Sepals, unequal, 
much imbricate. Petals unequal, imbri-
cate, densely streaked with short, resin-
ous lines, caducous. Stamens numerous 
(more than 100), in 2–4 series, free or 
inserted below a large, thick, gynophore-
like, cupular, wrinkled, denticulate 
nectary disc; fi laments slender, elongate, 
more or less connate at the base, resin-
ducted; anthers small, introrse, loculi 
short and widely separated by a broad, 
glandular connective, opening longitudi-
nally. Pollen grains more or less spinose, 
3–5-, rarely 6-colpate. Gynoecium of 
two or four, or rarely three or fi ve car-
pels; ovary superior, but partly immersed 
in the nectary disc, usually 2-locular and 
vertically more or less deeply lobed (in 
Dialyceras resulting separation of car-
pels) with simple style inserted between 
the lobes; stigma more or less capitate. 
Ovules usually three in each locule, sub-
basal, anatropous, epitropous and 
ascending. Fruits more or less deeply 
lobed or globose, densely muricate, in 
Dialyceras divided into mericarps. Seeds 
large, with straight embryo; endosperm 
ruminate or not, copious, oily, contains 
elliptic starch grains (Bayer 2003); 
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 cotyledons cordate and bilobed apically. 
Trees or shrubs. Leaves and seeds of 
Rhopalocarpus) contain saponins, n = 
19 (Rhopalocarpus lucidus – Sarkar 
et al. 1982).  . . 9. sphaerosepalaceae.

3 Anthers opening by pores or pore-like slits.
12 Leaves simple and entire, long-petiolate, 

stipulate. Flowers in terminal thyrsoids, 
large, actinomorphic. Sepals fi ve, free, 
imbricate, caduceus. Petals fi ve, free, 
imbricate, alternating with sepals. 
Stamens numerous, free; anthers dithe-
cal, horseshoe-shaped opening with 
short apical slits. Gynoecium of two, 
rarely three carpels; ovary superior; 
ovules many per carpel, anatropous, 
pseudo-crassinucellate; micropyle zig-
zag. Fruits 2–4-valved setose capsules. 
Seeds more or less straight, with a vesti-
gial funicular aril; endosperm starchy; 
testa pulpy, eventually drying up and 
minutely papillate from the bixin cells. 
Small trees or shrubs, The leaves con-
tains several sesquiterpenes, elagic acid 
and fl avonoids, n = 7. . . . .12. bixaceae.

12 Leaves palmatisect, palmately lobed or 
subentire- reniform, glabrous or pubes-
cent. Infl orescence terminal or very rarely 
axillary, thyrsoid. Anthers with one or 
two apical and sometimes also with two 
small basal pores. Gynoecium of 3–5 car-
pels; ovules many in each carpel; micro-
pyle zig-zag. Fruits 3–5-valved capsules, 
the inner and outer layers separating and 
forming alternative valves. Seeds large, 
usually cochleate-reniform, without an 
aril; endosperm oily; testa densely pilose 
with white hairs along the curved dorsal 
side of the seed. Seeds of Cochlospermum 
possess cotton-like whitish or reddish 
hairs, whereas those of Amoreuxia gla-
brous, pilose or echinate. Trees, shrubs, or 
occasionally rhizomatous perennial herbs 
with woody  subterranean trunks. Present 
ellagic acid, n = 6 (Cochlospermum)
. . . . . . . . . . . . . 13. cochlospermaceae.

2 Nodes unilacunar.
13 Flowers with extrastaminal disc. Trees or 

large shrubs (Tepuianthus auyantepuien-

sis) with resinous cells, and usually 
densely pubescent with simple thrichomes. 
Vessels with simple perforations. Fibers 
with distinct bordered pits. Rays homoge-
neous, mostly uniseriate. Axial paren-
chyma scanty, vasicentric. Leaves 
alternate or opposite, small, simple, entire, 
pinnately veined, estipulate. Flowers 
small, in cymose infl orescences (terminal 
or in the uppermost axils), androdioecious 
or rarely bisexual, actinomorphic, recep-
tacle thickened. Sepals fi ve, free, imbri-
cate, densely sericeous abaxially, glabrous 
adaxially. Petals fi ve, free, imbricate, tend 
to be clawed, glabrous,  yellowish. Nectary 
disc consisting of 5–10 contiguous, sub-
orbicular, fl eshy glands. Stamens 12–16 
or 5, in 1–3 cycles, when unicyclic alter-
nipetalous; anthers 2-locular, sagittate, 
versatile, introrse, dorsifi xed, with more 
or less appendaged connective. Pollen 
grains 3–6-colporate, with prominent 
ornamentation. Gynoecium of three 
united carpels with free, forked stylodia; 
ovary superior, 3-locular, with one pendu-
lous ovule per locule; placentation apical. 
Ovules anatropous with ventral raphe, the 
micropyle directed upward and outward. 
Fruits densely sericeous, 3-locular, bony, 
loculicidal capsules. Seeds with conspic-
uously ridged raphe, small embryo and 
copious endosperm; the cotyledons poorly 
differentiated (Boom and Stevenson 
2004).  . . . . . . . . . 15. tepuianthaceae.

13 Flowers without extrastaminal disc.
14 Pollen grains 3-colporate. Plants with 

glandular, or simple, clustered, or 
stellate hairs and colorless juice. 
Nodes with one trace. Leaves opposite 
or less often alternate or verticillate, 
often more or less reduced, simple, 
entire, petiolate to sessile, stipulate 
or estipulate, often possess cystoliths. 
Phloem not stratifi ed. Axial paren-
chyma absent or very scanty. Flowers 
solitary or in cymose infl orescences; 
sepals 3 or (4)5, when fi ve the inner 
contorted, often persistent. Anthers 
basifi xed. Gynoecium of 5 (6–10) 
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carpels in Cistus, in all other genera of 
three carpels. Ovules mostly orthotro-
pous, rarely hemitropous or anatro-
pous. Seeds very small; seed coat of 
two integuments, the outer thin, the 
inner very hard; embryo usually curved 
or bent into a hook or ring, or folded or 
circinately more or less coiled, rarely 
almost straight; endosperm starchy. 
Shrubs, subshrubs, or herbs. Contain 
glycosides of common fl avonoids, 
including myricetin and other fl a-
vonols, and condensed and hydrolys-
able tannins, n = 5, 7, 9–12, 16, 18, 20, 
24. . . . . . . . . . . . . . . . . 14. cistaceae.

14 Pollen grains mostly 8–60-porate. 
Trees, shrubs, lianas, or rarely herbs, 
evergreen or deciduous, usually poi-
sonous; wood often fl uoresces. Stems 
usually with intraxylary phloem 
(except in the some ericoid or mosslike 
species of Drapetes, and the anoma-
lous Lethedon and Solmsia) and in nine 
genera (including Aquilaria) with 
interxylary (included) phloem of 
“foraminate” type. Leaves alternate or 
opposite, not glandular-punctate, peti-
olate or sessile, simple, entire, estipu-
late. Stomata cyclocytic, rarely 
(Octolepis) anomocytic. Flowers 
bisexual or polygamous or dioecious, 
actinomorphic, but only some species 
of Lachnaea zygomorphic. Calyx 4–5-
lobed, tube campanulate or cylindric; 
lobes imbricate to valvate. Corolla rep-
resented by free or united petaloid 
appendages, isomerous and alternating 
with the calyx lobes, less often double 
or treble in number, entire or lobed, 
rarely united into a ring, inserted at the 
throat of calyx tube or at the middle or 
near the base, or corolla absent. 
Stamens equal or twice as many as the 
calyx lobes or very rarely reduced to 
two or even one, inserted below the 
petals; in two or in one cycle, if in two 
cycles then at two different levels (the 
upper cycle antesepalous); fi laments 
fi liform or slightly fl attened, entirely or 

partly adnate to the calyx tube; anthers 
basifi xed or rarely dorsifi xed, introrse 
or rarely extrorse. Pollen grains with 
more or less clearly expressed “croto-
noid” ornamentation or rarely 
(Octolepis) 3–6-porate with reticulate 
ornamentation, somewhat resembling 
those of some Tiliaceae (Erdtman 
1952; Archangelsky 1966, 1971). 
Nectary disc mostly present, annular, 
cupular, membranous, or of 4–5 scales. 
Gynoecium of (2)3–5, rarely 6–8, or 
10–12 carpels (Lethedon), 3–5 carpels 
(Solmsia, Deltaria, and Octolepis), or 
more often of two carpels; style elon-
gate or short, sometimes very short, not 
contorted, terminal or sublateral. 
Stigma usually capitate, sometimes 
papillose. Ovary sessile or shortly stip-
itate, 1–2-locular (rarely 3–12-locular), 
with one pendulous ovule per locule. 
Fruits loculicidal capsules or more 
often indehiscent, nut-like, baccate, or 
drupaceous, usually enclosed in the 
base of the persistent calyx tube. Seeds 
usually with a caruncle-like or tail-like 
appendage, without an aril; exotegmen 
and endotegmen with brown contents, 
reticulately thickened and lignifi ed; 
embryo straight, white; endosperm 
scanty or absent, rarely copious; 
cotyledons large. Thymelaeoidea 
contain highly toxic diterpene esters, 
which often occur in the whole 
plants, n = 7(-9)-10 (Thymelaeoideae).
  . . . . . . . . . . . .  16. thymelaeaceae.

1 Anthers disporangiate and 1-locular.
15 Pollen grains generally smooth or merely 

rugose, only rarely minutely spinose. Fruits 
loculicidal capsules, rarely fl eshy or inde-
hiscent. Trees, sometimes spiny, buttressed 
or with swollen trunk, often with verticil-
late branches, or rarely shrubs or epiphytic 
stranglers. Indumentum of stellate, excep-
tionally lepidote trichomes, or absent. 
Leaves simple, rarely lobed, or digitate, 
stipulate. Flowers actinomorphic or rarely 
more or less zygomorphic, solitary of in 
axillary clusters, rarely in cymes or paniculate, 
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or terminal or  leaf-opposed. Epicalyx of 
3(2) distinct bracts usually present; sepals 
commonly fi ve, usually fused to more than 
half their length, forming copular to tubular 
calyx, sometimes persistent or even 
 accrescent, exceptionally imbricate in bud; 
petals usually  contorted, generally fused at 
base with staminal column, often many 
times longer than sepals and exceeding 
calyx before anthesis; stamens usually 
numerous (up to more than 1,000) or some-
times only fi ve, generally forming a stami-
nal tube with antepetalous (or more or less 
laterally shifted) lobes or phalanges and/or 
distally free fi lament portions; anthers usu-
ally monothecal, sometimes septate, straight 
or reniform or spirally contorted; stamin-
odes absent or staminal tube exceptionally 
with sterile appendages or collar-like thick-
ening; ovary (8-)5–2-locular, superior to 
rarely semiinferior; ovules numerous to two 
per  locule; style usually simple or with 
short stylar branches, stigma sometimes 
thickened, capitate and/or lobed. Seeds usu-
ally glabrous, rarely winged or arillate; 
endosperm reduced to absent; cotyledons 
folded. n = 36–46.. . . . .10. bombacaceae.

15 Pollen grains generally spiny, only rarely 
smooth. Fruits schizocarpic or loculicidal 
or septicidal capsules, rarely baccate or 
samaroid. Herbs or shrubs, only rarely 
trees; vestitute principally of stellate, lepi-
dote, simple, and unbranched glandular 
hairs, sometimes spiny. Leaves simple or 
lobed, exceptionally digitate, mostly stipu-
late. Flowers solitary or in cymes, collec-
tively forming spicate to paniculate or even 
head-like infl orescences, actinomorphic or 
more or less zygomorphic, bisexual or 
sometimes unisexual; epicalyx present or 
absent, of (2)3 or more bracts, occasionally 
persistent; calyx lobes valvate in bud, usu-
ally nectariferous within at base; corolla 
tubular to rotate or refl exed; petals fi ve, 
convolute in bud; stamens monadelphous; 
fi laments few to many, terminating the 
staminal column; anthers reniform, 1-celled, 
dorsifi xed. Pollen grains often spiny. 
Carpels (1-)3 to many, ovary superior; style 

exceeding the staminal column, single with 
lobed, decurrent or divergent stigmas as 
many as the carpels; ovules 1–9 or many in 
each carpels, ascending to pendulous. Seeds 
reniform, trigonous or turbinate, rarely aril-
late; embryo curved, endosperm present or 
absent, cotyledons folded, n = 5–13, 15–17, 
19–23, 29, 33, 36–39. . . . . 11. malvaceae.

1. MUNTINGIACEAE

Bayer, M.W. Chase and F. Fay 1998. 3/3. Central and 
tropical South America, West Indies.

1.1 MUNTINGIOIDEAE
Leaves serrate. Ovary superior, surrounded by a  disc-like 
elevation of the receptacle, 7–5-locular. – Muntingia.

1.2 NEOTESSMANNIOIDEAE
Leaves cordate, stipulate. Calyx deeply lobed. Anthers 
loculi not confl uent at the apex, opening by longitudi-
nal slits or apical pores. Pollen grains in tetrads. Ovary 
inferior, 5-locular (Dicraspidia) or multilocular in 
the lower part and 1-locular in the upper part 
(Neotessmannia). – Neotessmannia, Dicraspidia.

The basal family in the Malvales.

2. TILIACEAE

A.L. de Jussieu 1789 (including Berryaceae 
Doweld 2001, Grewiaceae Doweld et Reveal 2005, 
Sparmanniaceae J.G. Agardh 1858). 39/450+. Widely 
distributed in tropical regions, especially in tropical 
America, Africa, and Southeast Asia. The genus Tilia 
(80) extends into the temperate regions of the Northern 
Hemisphere. The largest genus Grewia (150) occurs in 
tropical Africa, Asia, and Australasia. Corchorus 
(about 40 species in Africa and Asia) is one of the few 
herbaceous genera in the family.

2.1 TILIOIDEAE
Sepals free. Anthers with the separate locules. Ovary 
superior, with 2-many anatropous ovules in each 
 locule. – apeibeae: Glyphaea, Apeiba, Ancistrocarpus; 
enteleae: Entelea, Mortoniodendron, Burretio-
dendron, Sicrea; corchoreae: Corchorus (? including 
Oceanopapaver – Tirel et al. 1996; Whitlock et al. 
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2000), Pseudocorchorus; sparmannieae: Sparmannia, 
Clappertonia; lueheeae: Luehea, Trichospermum, 
Mollia; tilieae: Tilia, Schoutenia; duboscieae: 
Duboscia; desplatsieae: Desplatsia, Vasivaea, 
Hydrogaster; grewieae: Grewia, Eleutherostylis, 
Tetralix, Lueheopsis; coloneae: Colona, Goethalsia; 
triumfetteae: Erinocarpus, Triumfetta, Heliocarpus; 
craigieae: Craigia.

2.2 BROWNLOWIOIDEAE
Sepals united into a 3–5th or lobed campanulate 
calyx. Anthers with the loculi often confl uent at the apex. 
Ovary superior, 1–5-locular; in Brownlowieae carpels 
soon free, indumentum often lepidote, n = 10. – brown-
lowieae: Christiana (including Asterophorum and 
Tahitia), Brownlowia, Pentaplaris; diplodisceae: 
Diplodiscus, Pityranthe (including Hainania), 
Jarandersonia; berryeae: Berrya, Carpodiptera, 
Pentace.

Tiliaceae are related to the Elaeocarpaceae but differ 
markedly in the character of their indumentum, in the 
presence of usually well-developed mucilage cavities, 
mucilage cells, or canals, fi bers with simple pits, alter-
nate lateral pitting of the vessels, mostly apotracheal 
axial parenchyma, usually somewhat more specialized 
rays, stratifi ed phloem in young stems, and, as Corner 
(1976) notes, also in the anatomy of the seed coat.

3. DIPTEROCARPACEAE

Blume 1825. 13/500. Tropical regions of the Old 
World, especially the rain forests of Malesia.
shoreae: Hopea, Shorea, Neobalanocarpus, Upuna; 

parashoreae: Parashorea; dryobalaneae: 
Dryobalanops; dipterocarpeae: Cotylelobium, Vateria, 
Vateriopsis, Vatica, Stemonoporus, Dipterocarpus, 
Anisoptera.

Dipterocarpaceae are close to the Tiliaceae and 
especially to the Monotaceae. According to Hallier 
(1901, 1912), Dipterocarpaceae (but without Monotes) 
belong to the Malvales and are related to Elaeocarpaceae 
and Tiliaceae.

4. MONOTACEAE

Maury ex Takhtajan 1987. 4/40. Tropical Africa 
(Monotes and Marquesia) and tropical South America 
(Pakaraimaea and Pseudomonotes).

4.1 MONOTOIDEAE
Flowers with an androgynophore. Sepals imbricate. 
Petals longer than the sepals, variously pubescent. 
Anthers little or deeply basiversatile. Ovary 
(3)4-locular, each locule with two ovules. Trichomes 
fasciculate, often glandular. Wood rays uniseriate. – 
Monotes, Marquesia.

4.2 PAKARAIMAEOIDEAE
Flowers without androgynophore. Sepals imbricate. 
Petals shorter than sepals, glabrous. Anthers deeply 
basiversatile. Ovary 4(5)-locular, each locule with 
four ovules. Trichomes fasciculate. Wood rays 
 biseriate. – Pakaraimaea.

4.3 PSEUDOMONOTOIDEAE
Flowers without androgynophore. Sepals valvate. 
Petals longer than sepals, glabrous. Anthers imbedded 
in thickened connective, with prominent appendage. 
Ovary 3-locular, each locule with one subbasal ovule. 
Trichomes glandular. – Pseudomonotes.

Monotaceae are closely related to the Tiliaceae 
from which they differ mainly in imbricate sepals and 
vestured intervessel pores (in Tiliaceae known only for 
Schoutenia). Heim (1892) transferred the genus 
Monotes to the Tiliaceae, and according to Fries 
(1914), Marquesia macroura is related to Schoutenia 
in Tiliaceae. According to Bancroft (1933, 1935) the 
subfamily Monotoideae serves as a connecting link 
with tropical Asiatic members of the Tiliaceae.

Finally, Kostermans (1978) argued for the close 
relationships between the genus Pakaraimaea and 
Monotes and Marquesia and concluded that they 
should be transferred to the Tiliaceae. They are 
undoubtedly closer to the Tiliaceae than to the 
Dipterocarpaceae. Based on the wood anatomical data, 
Gottwald and Parameswaran (1966) suggested raising 
the subfamily Monotoideae into a separate family 
Monotaceae, and later this was confi rmed by palyno-
logical studies (Maury 1981).

5. SARCOLAENACEAE

Caruel 1881 (including Rhodolaenaceae Bullock 
1958, Schizolaenaceae Barnhart 1895). 10/35. 
Madagascar.

Sarcolaena, Leptolaena, Xyloolaena, Perriero-
dendron, Eremolaena, Schizolaena, Rhodolaena, 
Pentachlaena, Mediusella, Xerochlamys.
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Sarcolaenaceae are related to the Tiliaceae and 
especially to Dipterocarpaceae and have many com-
mon features with them in the structure of stem, peti-
ole, and pollen grains (Metcalfe and Chalk 1950; 
Dehay 1957; Carlquist 1964; Takhtajan 1997). 
Hutchinson (1969) draws attention to a remarkable 
feature of most of the genera – the metamorphosis of 
the bracteoles, which are united to form an involucre 
or epicalyx usually enclosing the fruit – as well as to 
another characteristic of the family, the pollinia, con-
sisting of 4 or 16 pollen grains.

6. NEURADACEAE

Link 1831 (including Grielaceae Martynov 1820). 
3/10. Arid regions of North Africa, Arabian Peninsula, 
Syria, Iraq, northern Iran, Afghanistan, and from 
Pakistan to India (Neurada), southern and southeast-
ern Africa (Grielum and Neuradopsis).

Neurada, Grielum, Neuradopsis
Neuradaceae related to the Malvaceae (Hallier 

1907, 1912; Airy Shaw 1973; Melikian and Bondar 
1996; Bayer 2003).

7. STERCULIACEAE

E.P. Ventenat ex Salisbury 1807 (including 
Byttneriaceae R. Brown 1814, Chiranthodendraceae 
A. Gray 1887, Dombeyaceae Kunth 1829, Helicteraceae 
J.G. Agardh 1858, Hermanniaceae Marquis 1820, 
Lasiopetalaceae Reichenbach 1823, Melochiaceae 
J.G. Agardh 1858, Pentapetaceae Brechtold et J. Presl 
1820, Theobromataceae J.G. Agardh 1858, Triplobaceae 
Rafi nesque 1838, Triplochitonaceae K. Schumann 
1900). 62/1500. Pantropical, extending into subtropical 
and warm-temperate regions.

7.1 BYTTNERIOIDEAE
Flowers bisexual or less often polygamous. Petals 
mostly present, sometimes very small, scalelike or even 
absent (in some Lasiopetaleae and in Fremontodendreae). 
Carpels mostly united until dehiscence, rarely free at 
maturity. – lasiopetaleae: Hannafordia, Leptony-
chiopsis, Thomasia, Seringia, Keraudrenia, Max wellia, 
Lysiosepalum, Lasiopetalum, Guichenotia; herman-
nieae: Hermannia, Melochia, Dicarpi dium, Waltheria; 
helmiopsideae: Helmiopsiella, Helmiopsis, 
Nesogordonia; byttnerieae: Rulingia, Commersonia, 

Byttneria, Ayenia; theobromeae: Glossostemon, 
Scaphopetalum, Leptonychia, Abroma, Theobroma, 
Herrania, Guazuma; helictereteae: Pterospermum, 
Helicteres, Neoregnellia, Kleinhovia, Reevesia, 
Ungeria; fremontodendreae: Fre montodendron, 
Chiranthodendron; eriolaeneae: Eriolaena; 
triplochitoneae: Triplochiton.

7.2 DOMBEYOIDEAE
Flowers usually in axillary cymes or solitary; petals 
often persistent, fl at, with apical appendage; pollen 
usually sphaeroidal and spinose. – Ruizia, Astiria, 
Cheirolaena, Trochetia, Helmiopsiella, Dombeya, 
Paradombeya Harmsia, Melhania, Paramelhania, 
Pentapetes.

7.3 STERCULIOIDEAE
Flowers mostly unisexual or polygamous, rarely 
(in some Tarrietieae) bisexual. Petals absent (present 
in Mansonia). Androgynophore present. Carpels 
free or at least free at maturity, mostly dehiscent 
and not winged (Sterculieae) or indehiscent and 
obliquely winged or keeled. – sterculieae: Sterculia, 
Brachychiton, Firmiana, Scaphium, Pterocymbium, 
Pterygota, Acropogon, Octolobus, Cola; tarrietieae: 
Heritiera, Argyrodendron, Tarrietia; mansonieae: 
Mansonia, Hildegardia

Sterculiaceae stand close to both the Tiliaceae and 
the Bombacaceae and Malvaceae. The boundaries 
between these families are however not very clear, and 
the taxonomic position of some genera, such as the 
paleotropical genus Leptonychia (“The strangely aril-
late seed has a fi brous exotegmen which is neither 
Sterculiaceae nor Tiliaceous,” states Corner 1976: 261) 
and of the very isolated New Caledonian genus 
Maxwellia is still not certain.

Sterculiaceae are very near to the Tiliaceae, which 
is confi rmed by the anatomy of vascular system of the 
petiole (Dehay 1941, 1942). But the family 
Sterculiaceae is very diverse and is characterized by a 
great diversity of morphological, anatomical, and 
palynological features. In particular, there are so 
many differences between the Byttnerioideae and 
Sterculioideae that Edlin (1935) proposed to accept 
them as two separate families “on account of the struc-
ture of their wood, vegetative organs, fl owers, and 
fruit” (p. 6). However, the boundary between these two 
groups is not so very clear-cut. For example, on the 
basis of the vascular system of the petiole, the tribe 
Byttnerieae is closer to the Sterculieae than to the other 
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tribes of the Byttnerioideae (Gazet du Chatelier 1940a, b). 
Besides, as Rao (1952) has shown, the structure of the 
androecium is similar for the whole family, and there-
fore there is no reason to separate the Sterculioideae in 
a family of their own.

8. DIEGODENDRACEAE

Capuron 1964. 1/1. Madagascar.
Diegodendron.

According to Capuron (1962, 1970), Hutchinson 
(1969, 1973), Straka and Albers (1978), and Cronquist 
(1980, 1988), the nearest ally of Diegodendraceae is 
the family Ochnaceae. This conclusion is based mainly 
on the gynobasic style, which is evidently the result of 
parallel evolution. The specialized wood anatomy of 
Diegodendron supports a close affi nity with the mal-
valean families, particularly with the Sphaerosepalaceae 
(Dickison 1988). However, according to Nandi (1998), 
Diegodendraceae are closely related to the Bixaceae, 
and Thorne (2006) places them between the Bixaceae 
and Cochlospermaceae.

9. SPHAEROSEPALACEAE

van Tieghem ex Bullock 1959 (Rhopalocarpaceae 
Hemsley 1903). 2/17. Madagascar.

Dialyceras, Rhopalocarpus.
Very closely related to the Diegodendraceae. Both 

of these families exhibit defi nite affi nities to the Sarco-
laenaceae.

10. BOMBACACEAE

Kunth 1822. 29/c.300. Pantropical, especially in rain 
forests of South America, above all in Brazil.

durioneae: Neesia, Durio, Camptostemon, 
Coeloste gia, Boschia, Kostermansia, Cullenia, 
Scleronema, Cavanillesia; matisieae: Quararibea, 
Ochroma, Matisia, Patinoa, Bernoullia, Septotheca, 
Phragmo theca, Huberodendron; catostemateae: 
Aguiaria, Catostemma; bombaceae: Bombax, 
Eriotheca, Adan sonia, Pseudobombax, Pachira 
(including Rhodog naphalon, Rhodognaphalopsis, and 
Bombacopsis) Gyranthera; ceibeae: Ceiba, 
Spirotheca, Chorisia, Neobuchia.

Very close to the Malvaceae.

11. MALVACEAE

A.L. de Jussieu 1789 (including Hibiscaceae J.G. Agardh 
1858, Philippodendraceae Endlicher 1841, Plagiantha-
ceae J.G. Agardh 1858). 111/1500–1600. Essentially 
 cosmopolitan, but best developed in the tropics.

kydieae: Julostylis, Dicellostyles, Nayariophyton, 
Kydia; hibisceae: Decaschistia, Radyera, Hibiscus, 
Papuodendron, Talipariti, Kosteletzkya, Fioria, 
Wercklea, Abelmoschus, Hibiscadelphus, Senra, 
Symphyochlamys, Megistostegium, Perrierophytum, 
Humbertiella, Macrostelia, Helicteropsis, Humber-
tianthus, Cenocentrum, Lagunaria, Urena, Malachra, 
Peltaea, Phragmocarpidium, Rojasimalva (includ-
ing Lopimia), Pavonia, Malvaviscus, Anotea; 
gossypieae: Cienfuegosia, Cephalohibiscus, Lebron necia, 
Hampea, Thespesia, Gossypioides, Kokia, Gossypium, 
Alyogyne; malveae: Anoda, Periptera, Horsfordia, 
Bakeridesia, Bastardiastrum, Wissadula, Tetrasida, 
Pseudabutilon, Bastardia, Bastardiopsis, Abutilon, 
Herissantia, Neobaclea, Meximalva, Corynabutilon, 
Briquetia, Hochreutinera, Dirhamphis, Gaya, 
Billieturnera, Sidastrum, Sida, Krapovickasia, 
Rhynchosida, Robinsonella, Dendrosida, Fryxellia, 
Allowissadula, Allosidastrum, Neobrittonia, Batesi-
malva, Malvella, Lecanophora, Cristaria, Astero-
trichion, Plagianthus, Gynatrix, Hoheria, Lawrencia, 
Sidasodes, Sidalcea, Eremalche, Iliamna, Malvastrum, 
Modiolastrum, Modiola, Calyculogygas, Callirhoe, 
Calyptraemalva, Napaea, Monteiroa, Lavatera, Malva, 
Althaea, Navaea, Malope, Malacothamnus, Phymosia, 
Alcea, Kitaibelia, Anisodontea, Kearnemalvastrum, 
Acaulimalva, Urocarpidium, Fuertesimalva, Palaua, 
Nototriche, Tarasa, Sphaeralcea, Andeimalva.

Malvaceae are so closely related to the Bomba-
caceae, that from time to time the proposal arises to 
merge these two families. Edlin (1935) transferred 
the tribe Hibisceae together with the genus Kydia to 
the Bombacaceae, but as Hutchinson (1967: 538) 
noted, “Malvaceae without the great genus Hibiscus 
would be like a horse without a tail.” The most 
archaic tribe is Malopeae, in which the carpels are in 
two or more superposed and spirally arranged cycles. 
All other tribes have carpels in a single cycle. 
The tribe Ureneae, probably the most advanced, has 
twice as many style branches as carpels, which may 
be due to a splitting of the styles, just as the anthers 
are split and unilocular in the whole family 
(Hutchinson 1967: 538).
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12. BIXACEAE

Kunth 1822. 1/5. Tropical America and West Indies.
Bixa.

13. COCHLOSPERMACEAE

Planchon 1847. 2/15–20. Tropical and subtropical 
regions of America, western and central tropical Africa, 
southern and southeastern Asia and northern Australia.

Cochlospermum, Amoreuxia.
Very close to the Bixaceae.

14. CISTACEAE

A.L. de Jussieu 1789 (including Helianthemaceae G. 
Meyer 1836). 8/180–200. Mostly temperate and sub-
tropical regions of the Northern Hemisphere, espe-
cially the Mediterranean and eastern North Africa, 
with some in West Indies and South America.

cisteae: Cistus, Halimium, Crocanthemum, 
Tuberaria, Helianthemum (including Atlanthemum?), 
Fumana; hudsonieae: Hudsonia; lechidieae: Lechea.

15. TEPUIANTHACEAE

Maguire et Steyermark 1981. 1/7. Venezuela, Brazil, and 
Colombia; lowland savannas and Roraima sandstone.

Tepuianthus.
Very close to the Thymelaeaceae.

16. THYMELAEACEAE

A.L. de Jussieu 1789 (including Aquilariaceae 
R. Brown ex A.P. de Candolle 1825, Daphnaceae 
Ventenat 1799, Gonystylaceae van Tieghem 1896, 
Phaleriaceae Meissner 1841). 48/800. Subcosmopolitan 
but concentrated mainly in tropical Africa and 
Australia, with local centers in the Mediterranean 
region and western, eastern, and Southeast Asia.

Classifi cation after Domke (1934), revised by B.E. 
Herber (2003).

16.1 OCTOLEPIDOIDEAE (GONYSTYLOIDEAE)
Trees, rarely shrubs. Infl orescences usually determinate; 
bracts minute or absent. Floral tube not articulated, 

persistent; sepals (3)4–5(6), valvate or imbricate; petals 
4–40, free or sometimes slightly fused at base, rarely 
forming a fl eshy annulus, inserted at receptacle, or absent. 
Stamens inserted at receptacle; fi laments slender, 
sometimes broader at base; anthers straight, refl exed, 
peltate or horseshoe-shaped. Pollen grains 8–60-porate, 
or rarely (Octolepis) 3–6-porate, and reticulate. tectate-
columellate. Nectary disc wanting. Gynoecium of 
(2)3–5, rarely 6–8 carpels, with elongate, fi liform, 
wiry, contorted style, occasionally accompanied by a few 
small processes (parastyles) around the base; stigma 
small, capitate to punctiform. Fruits 1–9-seeded, 
usually loculicidally dehiscent or (Aetoxylon) 1-seeded, 
indehiscent. Seeds large,  without chalazal fold, usually 
with thin dorsal aril arising from the fl eshy funicle or 
(Amyxa and Aetoxylon) not arillate; endosperm wanting. 
– octolepideae: Octolepis; microsemmateae: Lethedon 
(Microsemma); solmsieae: Deltaria, Solmsia, 
Arnhemia; gonystylideae: Gonystylus, Amyxa, 
Aetoxylon.

16.2 THYMELAEOIDEAE
Trees or shrubs (sometimes lianas), rarely perennial 
herbs, very rarely annuals; interxylar phloem present 
in some genera. Infl orescences usually indeterminate, 
occasionally with involuctum. Sepals 4–5(6), connate 
into a campanulate or cylindric tube, often broader 
around the ovary, imbricate (valvate in Lagetta); petals 
well-developed, entire or divided, ringlike, scalelike, 
reduced to small, fl eshy glands, obscure or lacking. 
Stamens equal or double the number of calyx lobes 
(at most 10) or very rarely (Pimelea) reduced to two 
or even one. Pollen grains 8–60-porate and with 
more or less clearly expressed crotonoid ornamenta-
tion. Nectary disc annular, cupular, composed of 
scales, or lacking. Gynoecium of two carpels. Ovary 
2-locular (Peddiea, Synandrodaphne, Oreodendron, 
and Phaleria) or more often 1-locular. Fruits indehis-
cent, nutlike, baccate, or drupaceous, or more rarely 
 capsule. Seeds sometimes appendiculate, with or 
 without endosperm. – synandrodaphneae: 
Synandrodaphne (Gilgiodaphne); aquilarieae: 
Aquilaria, Gyrinops; phalerieae: Peddiea, Phaleria; 
dicranolepideae: Lachnaea, Lagetta, Goodallia, 
Funifera, Lophostoma, Gnidia, Enkleia, Linostoma, 
Stephanodaphne; daphneae: Jedda, Dicranolepis, 
Synaptolepis, Craterosiphon, Linodendron, Daphnopsis, 
Schoenobiblus, Ovidia, Dirca, Daphne, Wikstroemia, 
Rhamnoneuron, Edgeworthia, Thymelaea, Diarthron, 
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Dendristellera, Restella, Stelleropsis, Stellera, Dais, 
Struthiola, Passerina, Drapetes, Kelleria, Pimelea, 
Lasiadenia.

Evidently related to the Malvalean families (Hallier 
1922; Domke 1934). They have many common fea-
tures with the Tiliaceae. According to Metcalfe and 
Chalk (1950: 1181), general anatomical evidence 
“appears to indicate that the Gonystylaceae, 
Thymelaeaceae, and Tiliaceae have defi nite affi nities 
with each other. The occurrence of secretory elements 
containing mucilage is common to Gonystylus, the 
Tiliaceae, and Thymelaeaceae”. The occurrence of 
cyclopropenyl fatty acids (Vickery 1980), and exoteg-
mic seeds (Corner 1976) also support the affi nities.
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Order 76. URTICALES

Trees, shrubs, or herbs, often with cystoliths or 
laticifers or both. Vessels with simple perforations; 
lateral pitting alternate. Fibers mostly with simple pits. 

Rays heterogeneous or sometimes homogeneous. 
Axial parenchyma usually paratracheal. Sieve-element 
plastids of S-type or (some Ulmaceae) of Pc-type. 
Nodes trilacunar or (Ficus) pentalacunar. Leaves alter-
nate or less often opposite, almost always stipulate 
(absent in some Parietarieae), mostly simple, very often 
oblique at the base. Stomata anomocytic or sometimes 
of other types. Flowers small and inconspicuous, in 
cymose or racemose infl orescences of sometimes very 
complex structure, rarely solitary, unisexual or less 
often bisexual, cyclic, apetalous, anemophilous or 
secondarily entomophilous. Sepals 2–8 (mostly 4–5), in 
one or sometimes two cycles, usually valvate, sometimes 
more or less connate, sometimes wanting. Stamens 
mostly as many as sepals and opposite them, rarely 
fewer or more numerous; fi laments free or sometimes 
connate; anthers usually 2-locular (1-locular in Ficus 
subsect. Malvanthera). Tapetum secretory. Micro-
sporogenesis simultaneous. Pollen grains 2-celled or 
less often 3-celled, 2-pantoporate. Gynoecium usually 
pseudomonomerous, of two carpels (rarely of three 
carpels in some Moraceae), with one or two separate 
stylodia, stigmas de-current. Ovary superior or inferior, 
usually 1-locular, but occasionally 2-locular (e.g., in 
Ulmus). Ovules solitary (or solitary in each of two 
locules), anatropous, hemitropous, or (Cecropiaceae 
and Urticaceae) orthotropous, bitegmic, crassinucellate. 
Female gametophyte of Polygonum- or less often 
Allium-, Adoxa-, or Drusa-types. Endosperm nuclear. 
Fruits of various types. Seeds with straight or curved 
embryo, with or without endosperm.

Weddell (1856) was the fi rst who discussed several 
characters indicating affi nity of the Urticaceae with the 
Malvales, especially with the Tiliaceae. Hallier (1903, 
1905) included Urticaceae s.1. in the Malvales but later 
(Hallier 1908, 1912) changed his opinion and moved 
them in his “Terebinthines.” Bessey (1915) also 
included Ulmaceae, Moraceae, and Urticaceae in his 
Malvales s.l. More recently Thorne (1968, 1974, 1976, 
1983, 1992a, b, 2000), Stebbins (1974), Dahlgren 
(1975, 1980, 1983), and Friis (1993: 617) came to the 
conclusion that the Urticales are closely related to the 
Malvales but are distinct enough to merit their own 
order. The affi nity between them is confi rmed by 
anatomical data, including wood anatomy and the 
occurrence of mucilage cells and canals (Guerin 1923; 
Holm 1927; Metcalfe and Chalk 1950; Hegnauer 
1973), as well as by serological studies (Petersen and 
Fairbrothers 1985) and phytochemical data (Hegnauer 
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1964, 1969, 1973; Soepadmo 1977), as well seed anatomy 
(Kravtsova 2003). According to Berg (1977b:371), 
“The affi nities of the Urticales with the Malvales are 
closest between the Ulmaceae and Tiliaceae, the least 
derived families of the orders.”
The Urticales have most probably originated from an 
ancient tiliaceous ancestor.

Key to Families
1 Ovules subapical, pendulous, anatropous to campy-

lotropous. Ovary with two stylodia, unilocular or 
bilocular, but one of them sometimes more or less 
reduced. Milky latex present or absent. Fruits dry or 
drupaceous.
2 Plants without milky latex. Stamens erect in bud. 

Flowers unisexual, polygamous, or rarely 
bisexual.
3 Trees and shrubs, usually with scattered muci-

lage cells or even mucilage canals, and with 
strong tendency toward mineralization of the 
cell walls with calcium carbonate or silica. 
Leaves simple, often oblique at the base, usually 
distichous, rarely opposite, with typically cadu-
cous stipules. Flowers in cymose or fasciculate 
infl orescences, monoecious or less often bisex-
ual. Pollen grains 4–7-porate, exine rugulose. 
Ovary unilocular or rarely bilocular. Fruits dry 
or drupaceous. Seed fl attened, coat undistin-
guished, exotestal cells elongated, unthickened; 
embryo straight or curved (Zelkova); endosperm 
scanty or absent. Contain sesquiterpene lac-
tones, n = 10, 14. . . . . . . . . . . . . . 1. ulmaceae.

3 Perennial or annual herbs with secretory canal 
in the phloem, but without mucilage cells. 
Stems erect or twining, either scabrous or 
armed with rigid climbing hairs and often with 
glandular trichomes. Leaves palmately lobed 
(Humulus) or palmately compound (Cannabis), 
sometimes simple, petiolate, serrate, generally 
decussate, near the stem apex often alternate, 
opposite at least below, with triangular, persis-
tent stipules. Flowers in complex, basically 
cymose infl orescences, unisexual (monoe-
cious or more often dioecious). Ovary uniloc-
ular with solitary anatropous ovule, pendent 
from near the apex of the locule. Fruits nutlike 
or achenes covered by the perianth. Seeds with 
curved (Cannabis) or coiled (Humulus) 
embryo and a small amount of fl eshy, oily 

endosperm. Accumulating quebrachitol and 
producing pyridine alkaloids, and sometimes 
tanniferous, with proanthocyanins, n = 7, 
9, 10. . . . . . . . . . . . . . . . . . .3. cannabaceae.

2 Plants nearly always with milky latex (wanting in 
Fatoua) borne in laticifers widely distributed in the 
parenchymatous parts of the stem and often in the 
leaves. Trees, shrubs, woody lianas (including 
stranglers), subshrubs, succulent or tuberous geo-
phytes, and rarely annuals (Fatoua). Leaves simple 
or rarely compound, alternate or opposite, often 
with cell walls more or less mineralized with cal-
cium carbonate or silica; stipules present, some-
times much reduced. Stomata anisocytic or 
cyclocytic. Flowers always unisexual, in compact 
infl orescences with the axis often thickening to 
form a head or invaginated common receptacle. 
Stamens erect or infl exed in bud. Ovary unilocular 
or less often bilocular. Fruits drupaceous, some-
times with dehiscent exocarp. Seed coat undistin-
guished; endosperm absent or present; embryo 
strait or curved, n = 7, 12–14.. . . . . . 2. moraceae.

1 Ovules subbasal or basal, erect, more or less ortho-
tropous. Ovary always unilocular, with a single sty-
lodium. Plants usually without milky latex. Fruits 
dry, nutlike.
4 Trees, shrubs, or woody lianas (sometimes epi-

phytic), often with stilt roots. Laticifers more or 
less reduced or absent, but mucilage cells and sacs 
often present. Leaves alternate, simple and entire 
to often so deeply palmately or radiately incised as 
to appear compound, with fused and often fully 
amplexicaul stipules. Cystoliths wanting. Flowers 
dioecious. Stamens erect in bud (except for 
Poikilospermum subgenus Poikilospermum), not 
abruptly bending in dehiscence. Fruits nutlike. 
Seeds large and without endosperm or small and 
with endosperm, x = 7.. . . . . . . 4. cecropiaceae.

4 Herbs or occasionally subshrubs or rarely small, 
soft-wooded trees, very rarely lianas, in Urticeae 
provided with stinging hairs. Frequently with 
mucilage cells, and sometimes also with nonar-
ticulated latex canals, but usually without milky 
juice. Leaves alternate or opposite, simple, entire 
or 3–5(-7)-lobed, usually with three subequal 
veins from the base, with epidermal cells tending 
to be mineralized with silica or calcium carbon-
ate; stipules usually present (absent in some 
Parietarieae), lateral or often intrapetiolar, often 
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fused. Stomata anisocytic or paracytic. Cystoliths 
usually present in both the stems and leaves, lin-
ear to punctiform. Flowers unisexual or rarely 
bisexual. Stamens infl exed in bud, abruptly bend-
ing in dehiscence. Fruits nutlike or seldom drupa-
ceous. Seeds with thin oily or starchy endosperm, 
but sometimes without endosperm, n = 6–14.
. . . . . . . . . . . . . . . . . . . . . . . . . . 5. urticaceae.

1. ULMACEAE

Mirbel 1815 (including Celtidaceae Link 1831). 15/ 
200. Widely distributed in tropical, subtropical, and 
 temperate regions; Ulmoideae distributed mainly in 
temperate regions.

1.1 CELTIDOIDEAE
Leaves with three main veins from the base and pairs of 
secondary veins usually less than six, alternate or 
(Lozanella) opposite, brochidodromous. Rays essen-
tially heterogeneous (in Gironniera and Trema mark-
edly heterogeneous). Flowers unisexual or polygamous. 
Pollen grains usually 2–5 porate (pantoporate in 
Ampelocera), ectexine palisade (Ampelocera and 
Chaetachme) or granular in the middle part (not recog-
nizable in Lozanella, Parasponia, and Trema); orna-
mentation fi nely scabrate or consisting of spinules or of 
densely spaced warts and microechinules. Fruits more 
or less globose, drupaceous, and with thick-walled and 
well-lignifi ed endocarp, or (Pteroceltis) small, nutlike, 
with spherical endocarps whose reticulate surface sculp-
ture is almost identical to that of Celtis, and with an exo-
carp developed into a pair of wings differing from those 
of Ulmoideae in lacking venation. Seeds with curved 
embryo and scanty or no endosperm (endosperm fl eshy 
in Parasponia and Lozanella); cotyledons mostly vari-
ously folded or involute. Produce quebrachitol and gly-
cofl avones (which are absent in Gironniera subgenus 
Galumpita) but not lignans, sesquiterpens, and fl avonols 
(the  latter present in Gironniera subgenus Galumpita). 
x = 10, 14. – Ampelocera, Chaetachme, Gironniera, 
Aphananthe, Celtis, Pteroceltis, Trema, Parasponia, 
Lozanella.

1.2 ULMOIDEAE
Leaves pinnately veined, with seven or more pairs of 
secondary veins, the lowest pairs not prominent, 
craspedodromous, alternate. Rays homogeneous or 

weakly heterogeneous. Flowers mostly bisexual or 
polygamous. Pollen grains 4–5-porate, with the exine 
distinctly and fi nely granular throughout; ornamenta-
tion rugulate, with small spinules. Fruits dry, usually 
more or less compressed (samaroid) or less often sub-
drupaceous (Zelkova and Planera) or small and nutlike 
with a rigid endocarp similar to that of Zelkova and a 
crestlike wing (Hemiptelea). Seeds with straight 
embryo and usually without endosperm; cotyledons 
broad, fl at or longitudinally folded. Produce lignans, 
sesquiterpenes, and fl avonols, but not quebrachitol and 
glycofl avons. x = 14. – Ulmus, Holoptelea, Hemiptelea, 
Zelkova, Planera, Phyllostylon.

Celtidoideae were traditionally included in the 
Ulmaceae and only recently have some authors sup-
ported their distinctiveness as a separate family 
(Grudzinskaya 1967; Chernik 1975, 1980, 1981, 1982; 
Zavada 1983; Takahashi 1989). However, some gen-
era, including Ampelocera and Aphananthe, possess 
character combinations (including fl oral anatomy) that 
seem to bridge the gap between typical celtidoids and 
ulmoids (see Chernik 1975; Gianasi 1978; Manchester 
1989; Terabayashi 1991; Zhong et al. 1992). 
Ampelocera and Aphananthe are celtidoid in most 
nonchemical characters (except for special leaf vena-
tion of Ampelocera) although they contain fl avonols 
(Gianasi 1978). Zelkova and Hemiptelea, long consid-
ered celtidoid, are in fact fl avonol producers (Gianasi 
1978) and included in the Ulmaceae sensu stricto by 
Grudzinskaya (1967), which is confi rmed also by 
wood anatomy (Zhong et al. 1992). Besides, Gironniera 
consists of two distinct entities, one of which (subge-
nus Gironniera) is really celtidoid and the other (sub-
genus Galumpita) is in many respects rather different 
(chemically ulmoid) and was even separated as a genus 
Galumpita Blume. Finally, tropical American Celtis 
monoica (a monotypic genus Mirandaceltis, according 
to Sharp [1958]) is in fact a fl avonol producer (Gianasi 
1978) and as Sharp (1958) indicates, its leaf venation 
and drupe size are somewhat intermediate between 
Celtis and Zelkova. “The fl avonoid data at this level do 
not suggest any particular Ulmoid relative for 
Mirandaceltis monoica, but do indeed support Sharp’s 
contention that the taxon should be removed from 
Celtis sensu stricto,” states Gianasi (1978: 342). All 
these data show that the differences between celtidoid 
and ulmoid genera are not clear-cut, and therefore I am 
reluctant to accept a separate family rank for celti-
doids. At best they are two subfamilies.
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2. MORACEAE

Link 1831 (including Artocarpaceae Dumortier 1829, 
Dorsteniaceae Chevalier 1827, Ficaceae Berchtold et 
J. Pres 1,96720). 37/1200+. Widely distributed in trop-
ics and subtropics with a few species in temperate 
regions of both hemispheres.

moreae: Morus, Broussonetia, Milicia, Maclura, 
Trophis (including Olmedia), Streblus, Bleekrodea, 
Fatoua; artocarpeae: Artocarpus, Parartocarpus, 
Treculia, Prainea, Hullettia, Antiaropsis, Sparattosyce, 
Batocarpus, Bagassa, Sorocea, Clarisia, Poulsenia; 
castilleae: Perebea, Maquira, Castilla, Helicostylis, 
Pseudolmedia, Naucleopsis, Antiaris, Mesogyne; 
 dorstenieae: Utsetela, Bosqueiopsis, Helianthostylis, 
Trymatococcus, Brosimum, Trilepislum, Scyphosyce, 
Dorstenia; ficeae: Ficus.

The subdivision of the Moraceae follows Rohwer 
(1993). But as Rohwer notes, the family forms such a 
closely knit complex that tribes and genera are diffi cult 
to delimit. According to Rohwer, the best defi ned 
tribes are Castilleae and Ficeae.

Related to the Ulmaceae, especially to the 
Celtidoideae.

3. CANNABACEAE

Martynov 1820 (including Lupulaceae Link 1831). 
2–3/4. Temperate regions of the Northern Hemisphere.

Humulus (including Humulopsis ?), Cannabis
Cannabaceae are related to Urticaceae and 

Moraceae, but differ in the absence of laticifers and the 
erect position of stamens in bud (Kubitzki 1993). 
2n = 18 + XX or XY, in Humulus lupuls 2n = 20 + XX 
or XY, while in Humulus (Humulopsis) scandens 
2n = 14 + XX (female) or YXY (male).

4. CECROPIACEAE

C.C. Berg 1978. 6/200. Mainly tropical America, but 
also tropical Africa (Myrianthus and Musanga) and Asia 
from eastern Himalayas to Malesia (Poikilospermum).

Myrianthus, Pourouma, Cecropia, Musanga, 
Coussapoa, Poikilospermum.

Cecropiaceae are intermediate between the 
Moraceae, with which they share possession of latic-
ifers, and the Urticaceae, with which they share ortho-

tropous subbasal or basal ovules (Berg 1978). 
According to Berg (1989: 215), the delimitation of the 
family is doubtful only with respect to the genus 
Poikilospermum, which deviates in several features 
(e.g., the elongate “urticaceous” cystoliths) from the 
group of African and American genera. He states that 
anatomical data (Bonsen and ter Welle 1983) also 
 suggest that the position of Poikilospermum is separate 
from the other fi ve genera and closer to the 
Urticaceae. According to Friis (1993) the position of 
Poikilospermum is still uncertain.

5. URTICACEAE

A.L. de Jussieu 1879 (including Parietariaceae Berchtold 
et J. Presl 1820). 49/1000. Widely distributed in tropical 
and subtropical regions, but some species occur in tem-
perate and cold regions. The largest concentration of 
genera and species is in tropical Asia.

urticeae: Urtica, Hesperocnide, Nanocnide, 
Obetia, Laportea, Discocnide, Girardinia, Dendrocnide, 
Urera, Gyrotaenia: lecantheae: Elatostema, 
Meniscogyne, Procris, Pilea, Achudemia, Sarcopilea, 
Lecanthus, Petelotiella; boehmerieae: Boehmeria, 
Archiboemeria, Chamabainia, Pouzolzia, Hyrtanandra, 
Gonostegia, Neodistemon, Cypholophus, Sarcochlamys, 
Touchar dia, Neraudia, Pipturus, Nothocnide, 
Oreocnide, Debregeasia, Astrothalamus, Leucosyke, 
Gibbsia, Phenax, Maoutia, Myriocarpa; parietar-
ieae: Gesn ouinia, Hemistylus, Parietaria, Soleirolla, 
Rousselia; forsskaoleae: Forsskaolea, Droguetia, 
Didymodoxa, Australina.
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Superorder EUPHORBIANAE

Order 77. EUPHORBIALES

Trees and shrubs, woody lianas, or perennial and annual 
herbs. Plants often with milky or colored juice. Vessels 
with scalariform or more often simple  perforations; lat-
eral pitting alternate or rarely opposite, very rarely sca-
lariform. Fibers mostly with simple pits. Rays 
heterogeneous of various types. Axial parenchyma 
mostly abundant and apotracheal or less often paratra-
cheal, but sometimes scanty or even wanting. Sieve-
element plastids of S-type. Nodes uni-, penta-, or 
multilacunar. Leaves mostly alternate, simple or less 
often compound, with pinnate or palmate venation, 
mostly stipulate. Stomata mostly paracytic. Flowers in 
very divers types of infl orescences, unisexual (monoe-
cious or dioecious) or rarely bisexual, actinomorphic or 
rarely slightly zygomorphic, often apetalous, sometimes 
perianthless. Perianth 5-merous, rarely 4-or 3-merous. 
Sepals and petals free or less often connate at the base. 
Stamens 2-many, or sometimes fewer or even solitary, 
free or variously connate; anthers usually 2-locular, 
opening by longitudinal slits or sometimes transversely, 
rarely by apical pores. Tapetum secretory. 
Microsporogenesis simultaneous. Pollen grains 2-celled 
or 3-celled, 3-colpate, 3–4-colporate, pantoporate or 
sometimes inaperturate. Nectary disc often present. 
Gynoecium usually of three or less often two or four and 
sometimes many united carpels, rarely pseudomono-
merous; ovary usually superior, 3-locular, rarely 2- or 
4-locular or plurilocular, with free or more or less con-
nate stylodia. Ovules two or one per locule, pendulous, 
anatropous, epitropous (the raphe ventral) or rarely 
(Panda) orthotropous, mostly bitegmic, crassinucellate 
or (Pandaceae) tenuinucellate. Female gametophyte 
monosporic, bisporic, or tetrasporic. Endosperm nuclear. 

Fruits of diverse types, but mostly capsules. Seed coat 
usually formed by both integuments; embryo straight or 
rarely curved; endosperm usually copious, rarely lack-
ing or represented by one layer of cells.

The archaic members of Euphorbiales show obvi-
ous links with the Elaeocarpales and Malvales. 
Evidently the gynoecium was originally typically 
paracarpous (as in Elaeocarpales and Malvales) and 
became multilocular as a result of fusion of intrusive 
parietal placentas in the center of the ovary. On the 
other hand, the Euphorbiales have much in common 
with the archaic members of the Violales, particularly 
with the Flacourtiaceae. Hallier (1912: 217) included 
the Euphorbiaceae in his “Passionales” close to the 
Flacourtiaceae and noted that they originated from the 
latter “pres de Pangiees et Idesiees.” Earlier (Hallier 
1911: 5) he had emphasized the existence of numerous 
parallel forms between these two families, such as 
Pangium and Aleurites, Hydnocarpus and Cyclostemon, 
or Ryparosa and Baccaurea. There are many common 
features in wood anatomy, fl ower morphology, and 
palynology between Flacourtiaceae and Euphorbiaceae. 
According to Metcaife and Chalk (1950: 1230), 
“Antidesma, Bischoffi a, and Phyllanthus are very simi-
lar to certain genera of the Flacourtiaceae, e.g., 
Calancoba, Erythrospermum, and Kiggelaria; 
Acalypha, Aporosella, Glochidion, and Hymenocardia, 
with small intervascular and vessel ray pitting, suggest 
the group of genera in the Flacourtiaceae that were 
formerly included in the Samydaceae. Bridelia and 
Cleistanthus closely resemble some genera of the 
Samydaceae, e.g., Homalium (see also Miller 1975). 
Keating (1973) has observed palynological similarities 
between the Flacourtiaceae and the Phyllanthaceae. 
There are also similarities in the leaf morphology, 
fl ower morphology, and seed anatomy (fi brous exoteg-
men of some Flacourtiaceae and some Euphorbiaceae, 
according to Corner [1976]). In his Principia botanica 
(1960: 436, Fig. 50), Croizat regarded links both with 
the Flacourtiaceae and the Sterculiaceae. There are 
indeed some similarities between the Euphorbiaceae 
and the Sterculiaceae, including petiole anatomy 
(Dehay 1935), the presence of branched multicellular 
hairs, the structure of the gynoecium, a uniformity in 
the exotegmic palisade of Euphorbiaceae-Crotonoideae, 
that, according to Corner (1976: 130), link them with 
Sterculiaceae and related families.

One may presume that the Euphorbiales have arisen 
either from some ancient group intermediate between 
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the Flacourtiaceae and the Elaeocarpales and Malvales 
or directly from some Flacourtiaceae-like lower 
Violales. In both cases the Euphorbiales have only col-
lateral affi nities with the Elaeocarpales and Malvales.

Key to Families
1 Ovules with obturator.

2 Ovules two per locule.
3 Vessel elements with scalariform perfora-

tion, very rarely (Glochidion) with simple 
perforation.
4 Flowers in axillary or terminal spicate, rac-

emose or paniculate infl orescences, or fl ow-
ers solitary. Monoecious or rarely 
(Antidesma) dioecious herbs to trees. 
Laticifers absent. Nodes unilacunar with 
one trace. Leaves usually alternate (very 
rarely opposite), simple and unlobed, rarely 
(Bischofi a) trifoliolate, entire, stipulate. 
Stomata paracytic or anisocytic. Flowers 
small. Calyx often basally conntate; petals 
fi ve or absent, nectary disc present or 
absent. Stamens 2–35, often more or less 
connate; anthers extrorse. Pollen grains 
2-celled, 3–4-colporate (rarely porate, pan-
toporate in Phyllanthus), semitectate, rarely 
echinate. Gynoecium of 1(2–5) to 15 car-
pels; style single or branched, stigmas usu-
ally bifi d, fringed, wet; ovules hemitropous, 
bitegmic, micropyle bistomal, outer integu-
ment 2-many and inner integument 2–3(-5) 
cells across, nucellus 10 or more cells 
across, protruding. Fruits septicidal cap-
sule, berries or drupes. Seeds large, without 
caruncle or sometimes with rudimentary 
caruncle; endosperm copious or absent. 
Present cyanogenesis via the tyrosine path-
way, tropane and pyrrolizidine alkaloids, 
cucurbitacins [triterpenes], nonhydrolys-
able tannins [geraniin], in Aleurites detected 
inulin, n = 13, 14. . . 1. phyllanthaceae.

4 Flowers in axillary clusters, or caulifl orous. 
Evergreen trees or shrubs; hairs unicellular; 
Leaves alternate, entire or serrulate, 
2-ranked, stipulate Flowers axillary, pedi-
celled, apetalous; male fl owers: sepals 3–6-
lobed, imbricate; stamens (2-)3–20
(-many); fi laments free or subconnate; 
anthers extrorse or introrse; pollen grains 

3-colporate; disc present or absent; female 
fl owers: sepals 3–6-lobed, imbricate, 
gynoecium of 1[-4(-9)] carpels; ovary usu-
ally 2–3-locular; style branches short or 
absent, stigmas fl ap-like; ovules two in each 
locule, bitegmic, rarely (Drypetes mac-
rostigma) unitegmic (Corner 1976); fruit 
drupaceous or dehiscing septicidally 
(Lingelsheimia) into two 3-valved cocci or 
six valves; seeds with sclereidal exome-
sotesta, exotegmen cells cuboidal; embryo 
straight, endosperm copious, cotyledons 
broad, fl at and somewhat longer than the 
radicle. Contain cucurbitacins glucosino-
lates, mustard oils present in Drypetes, n = 
(19) 20 (21).. . . . . . . . . putranjivaceae.

3 Vessels with simple perforations. Monoecious 
or dioecious trees. Mucilage cells present in 
epidermis. Axial parenchyma apotracheal and 
paratracheal; prismatic crystals in wood 
parenchyma present. Leaves alternate, long 
petiolate, trifoliolate, leafl ets oblong- elliptic, 
entire; stipules very minute, with colleters, 
caduceus or persistent. Stomata paracytic. 
Flowers small, axillary, solitary (the female 
fl owers, each on an apically expanded, long 
peduncles), or aggregated in axillary panicles 
or in catkins; perianth in male fl owers absent, 
stamens 3–54, loosely clustered and forming 
a globose head; fi laments free, short; anthers 
minutely pubescent, 2-locular, slightly 
extrorse, opening longitudinally. Pollen grains 
spinulose, 6-colporate. Female fl owers on 
slender pedicels; sepals 4–5, narrowly lance-
olate, unequal, valvate or imbricate; nectarif-
erous weak disk around the base of the ovary. 
Gynoecium of two carpels; ovary superior, 
2-locular; stigmas stout, 2-lobed; ovules two 
per locule, pendulous, anatropous, with obtu-
rators. Walls of the ovary, the style, the peri-
anth and pedicel have large cavities with a 
viscous substance. Fruits globous drupes, 
with a thin, fl eshy, orange pericarp containing 
numerous vesicles of bitter juice; seeds two 
or one by abortion. Seeds massive, embryo 
bent, with rather large and leaf-like cotyle-
dons without a plumule, much corrugated, 
with very scanty endosperm. Present picro-
toxanes.  . . . . . . . . . . . 3. picrodendraceae.
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2 Ovules one. Trees, shrubs, subshrubs, or herbs 
(some climbing or twining), very rarely fl oating 
aquatics. Indumentum simple, sometimes urticat-
ing, amalpighiaceous, dendritic, stellate, lepidote, 
or absent. Stems sometimes succulent and/ or with 
latex. Vessels usually with simple perforations, 
but sometimes with scalariform ones. Fibers with 
bordered or simple pits. Rays uniseriate and mul-
tiseriate. Axial parenchyma apotracheal, some-
times wanting. Nodes mostly pentalacunar with 
fi ve traces. Leaves usually alternate, sometimes 
opposite, rarely verticillate, entire to dentate or 
palmately lobed or compound, with pinnate or 
palmate venation; stipules usually present, some-
times transformed into glands or spines, or absent. 
Stomata of various types, but mostly paracytic. 
Flowers in terminal or axillary, basically cymose 
infl orescences, always unisexual (monoecious or 
dioecious), sometimes individually very much 
reduced and grouped into pseudanthia, often apet-
alous, actinomorphic (but pseudanthia often zygo-
morphic). Perianth segments free or connate, 
valvate, imbricate, or open, sometimes reduced or 
absent; sepals and petals (1-)3–6(-8), sometimes 
distinctly colored. Nectary disc mostly present, 
intrastaminal or extrastaminal, annular, cupular or 
of separate glands. Stamens one (Euphorbieae), 
3–100 (up to 1,000 in Ricinus); fi laments free or 
connate; anthers introrse, latrorse or extrorse. 
Pollen grains 2- or 3-celled, tectate or semitectate, 
often reticulate, mostly 3-colporate, very diverse 
in exine ornamentation. Gynoecium of (2)3(4-
many) carpels, rarely pseudomonomerous; stylo-
dia free or more or less united, entire, bifi d, 
multifi d or laciniate; ovary superior, sessile or 
rarely stipitate, (1-)2–5(-20)-locular, most com-
monly 3-locular, with ovule per locule; styles 
(1)3–4(20), free or connate, erect or spreading, 
entire, 2-lobed, -fi d or –partite to multifi d or lac-
iniate; the adaxial surface usually stigmatic 
throughout, smooth, granulate, papillose, plumose 
or fi mbriate. Ovules anatropous or less often 
hemitropous or amphitropous, epitropous, biteg-
mic; the nucellus usually forms a beak that extends 
beyond the inner integument and comes in contact 
with the placental obturator, which forms a roof 
over the exo(bi)stomal, micropyle. Female game-
tophyte of diverse types, but generally of 
Polygonum-type. Fruits typically capsular schizo-

carps, primarily septicidal, with carpels (cocci) 
elastically dehiscent from a persistent columella, 
but sometimes drupaceous or baccate, very rarely 
samaroid. Seeds one or ttwo in each locule, exote-
gmic, mostly with a micropylar caruncle; embryo 
straight to curved or folded, usually with broad 
and fl at cotyledons; endosperm mostly well devel-
oped, less often wanting, Plants Al-accumulators, 
producing cucurbitacins (triterpenes), ellagitan-
nins (geraniin and mallotussic acid), lectins 
(hemagglutinins), cocarcinogens (phorbol ester 
diterpenes), antidesmone and related compounds; 
n = (5)6–9(-11), 12–14, 19. . .4. euphorbiaceae.

1 Ovules without obturator. Seeds not carunculate. 
Dioecious trees or shrubs, indumentum simple. 
Vessels with scalariform or both scalariform and 
simple perforations. Leaves alternate, distichous, 
simple, often serrate, entire or toothed; stipules 
small, generally persistent. Infl orescences terminal 
or caulifl orous and thyrsiform, or axillary and fas-
ciculate; bracts minute. Sepals free or connate, 
imbricate or open. Petals slightly imbricate to val-
vate, often hooded. Stamens 5–15, free or nearly so; 
anthers usually introrse. Nectary disc very small or 
absent, rarely developed (Centroplacus). Gynoecium 
of 2–5 carpels with 2–5(10) lobed style. Ovules 
pendulous, anatropous and epitropous (the raphe 
ventral) or (Panda) orthotropous, two (Centroplacus) 
or one in each locule. Fruits capsular (Centroplacus) 
or drupaceous; exocarp fl eshy, tartareous or woody; 
seeds ecarunculate; exotesta and endotegmen tan-
niniferous, endosperm copious; cotyledons thin and 
fl at, oily. n = 15.  . . . . . . . . . . . . . . . 5. pandaceae.

1. PHYLLANTHACEAE

Martynov 1820 (including Antidesmataceae Loudon 
1830, Aporosaceae Lindley ex Planchon 1854, 
Bischofi aceae Airy Shaw 1965, Hymenocardiaceae 
Airy Shaw 1965, Porantheraceae Hurusawa 1954, 
Scepaceae Lindley 1836, Stilaginaceae C.A. Agardh 
1824, Uapacaceae Airy Shaw 1965). 59/1745. 
Pantropical, but mainly in Malesia.

wielandieae: Heywoodia, Savia, Gonatogyne, 
Petalo discus, Blotia, Actephila, Discocarpus, Lachnostylis, 
Chonocentrum, Wielandia; amanoeae: Pentabrachion, 
Amanoa; bridelieae: Cleistanthus, Bridelia; phyllant-
heae: Astrocasia, Leptopus, Chascotheca, Zimmermannia, 
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Zimmermanniopsis, Meineckia, Pseudolachnostylis, Keayo-
 dendron, Securinega, Andrachne, Flueggea, Richeriella, 
Margaritaria, Phyllanthus, Reverchonia, Sauropus, 
Breynia, Glochidion; antidesmeae: Spondianthus, 
Uapaca, Protomegabaria, Maesobotrya, Richeria, 
Jablonskia, Baccaurea, Ashtonia, Aporusa, Thecacoris, 
Phyllanoa, Celianella, Leptonema, Antidesma, Aerisil-
vaea, Meborea, Hyeronima, Poranthera, Oreoporanthera; 
tacarcuneae: Tacarcuna; hymenocardieae: Didy mo-
cistus, Hymenocardia; bischofieae: Bischofi a; martre-
tieae: Martretia; dicoelieae: Dicoelia; croizatieae: 
Croizatia.

The family Phyllanthaceae is the most archaic 
member of the order.

2. PUTRANJIVACEAE

Endlicher 1841. 4/215. Tropical America, tropical and 
South Africa, South, Southeast and East Asia, Malesia, 
Australia.

Lingelsheimia, Drypetes, Sibangea, Putranjiva.
Related to the Phyllanthaceae. Radcliffe-Smith 

(2001) included all four genera in tribe Drypeteae 
(Phyllanthoideae).

3. PICRODENDRACEAE

J.K. Small 1917. 1/3. West Indies (Greater Antilles, 
Bahamas, Cayman and Swan Islands).

Picrodendron.
“The anomalous structure of the fruit and seed, as 

well as the male infl orescence, seems to indicate that, 
despite pollen and other similarities, Picrodendron 
does not really sit comfortably in the Oldfi eldioideae, 
nor indeed in the Euphorbiaceae.” (Radcliffe-Smith 
2001).

4. EUPHORBIACEAE

A.L. de Jussieu 1789 (including Acalyphaceae A.L. de 
Jussieu ex Menge 1839, Androstachyaceae Airy Shaw 
1965, Bertyaceae J.G. Agardh 1858, Cheilosaceae 
Doweld 2001, Crotonaceae J.G. Agardh 1858, 
Hippomanaceae J.G. Agardh 1858, Mercurialaceae 
Martynov 1820, Micrantheaceae J.G. Agardh 1858, 
Paivaeusaceae A. Meeuse 1990, Peraceae Klotzsch 

1859, Pseudanthaceae Endlicher ex Pfeiffer 1873, 
Ricinaceae Martynov 1820, Ricinocarpaceae Hurusawa 
1954, Tithymalaceae Ventenat 1799, Tragiaceae 
Rafi nesque 1838, Trewiaceae Lindley 1836). 276/
c.6000. Subcosmopolitan, although predominantly 
tropical; there are strong local concentrations (particu-
larly of the genus Euphorbia) in South Africa, the 
Mediterranean and Irano-Turanian regions, and south-
ern North America.

4.1  STACHYSTEMONOIDEAE 
(OLDFIELDIOIDEAE)

Laticifers absent. Leaves stipulate or estipulate, alter-
nate or more often opposite or verticillate, simple or 
palmately compound, entire or dentate. Petals absent 
(except in Croizatia). Nectary disc present or absent. 
Pollen grains 2-celled, tectate, brevicolporate or porate, 
usually distinctly spinulose. Ovules two per locule 
(except in Scagea). Seeds often carunculate. Endosperm 
usually copious (except in Hyaenanche). – podoca-
lyceae: Podocalyx, Tetracoccus, Paradrypetes; 
oldfieldeae: Piranhea, Parodiodendron, Oldfi eldia, 
Aristogeitonia, Mischodon, Voatamalo, Androstachys, 
Stachyandra; caletieae: Hyaenanche, Austrobuxus, 
Myladenia, Canaca, Dissiliaria, Sankowskia, Whyanbeelia, 
Choriceras, Longetia, Petalostigma, Kairothamnus, 
Celaenodendron, Scagea, Neoroepera, Micrantheum, 
Pseudanthus, Stachystemon.

4.2 PEROIDEAE
Laticifers absent. Trees, shrubs or herbs, with stel-
late or lepidote or occasionally simple indumentum, 
more or less glabrous. Leaves alternate or very rately 
opposite (in Pera), sometimes pellucid-punctate, 
stipulate or estipulate. Infl orescences axillary, with-
out or rarely with elongated axed, surrounded by 
involucral bracts in Pera only. Petals and nectary 
disc absent or present. Stamens 2–20, free to con-
nate. Pollen grains 3–4-colporate, mostly tectate-
perforate, sometimes almost tectate or fi nely 
reticulate. Ovary 3(-4)-locular, styles bifi d to bipar-
tite. Ovule one per locule. Fruits dehiscent, septa 
membranous, fragile, valves often remaining attached 
to the base of the columella after dehiscence. Seeds 
carunculate or arillate; endosperm copious, rarely 
(Trigonopleura) scanty; cotyledons longer and wider 
than radicle. – clutieae: Clutia; pogonophoreae: 
Pogonophora; chaetocarpeae: Trigonopleura, 
Chaetocarpus; pereae: Pera.
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4.3 CHEILOSOIDEAE
Laticifers absent. Indumentum simple and/or stellate. 
Leaves alternate, simple, unlobed, usually glandular at 
the base of the lamina, stipulate. Infl orescences pseudo-
terminal or axillary. Petals absent; nectary disc present 
in male fl owers, present or absent in female fl owers. 
Stamens 5–12, free; anthers introrse. Pollen grains 
3-colporate, echinate. Ovary 2–4-locular, styles bifi d. 
Ovule one per locule. Fruits tardily loculicidally dehis-
cent. Seeds not carunculate but with sarcotesta, 
endosperm present. – Cheilosa, Neoscortechinia.

4.4 ACALYPHOIDEAE
Laticifers generally absent (if present they are inarticu-
late). Leaves usually stipulate, simple and entire, den-
tate or palmately lobed, rarely compound, alternate or 
rarely opposite, often with foliar glands. Petals and 
nectary disc present or absent. Pollen grains 2-celled, 
mostly 3–4-colporate, semitectate, very rarely echi-
nate. Ovules one per locule. Seeds carunculate or not. 
Endosperm usually copious. – erismantheae: 
Erismanthus, Moultonianthus, Syndyophyllum; 
ampereae: Monotaxis, Amperea; agrostis-
tachydeae: Agrostistachys, Pseudagrostistachys, 
Cyttaranthus, Chondrostylis; sphyranthereae: 
Sphyranthera; chrozophoreae: Speranskia, 
Caperonia, Philyra, Ditaxis, Argythamnia, Chiro-
petalum, Doryxylon, Sumbaviopsis, Thyrsanthera, 
Melanolepis, Chrozophora; caryodendreae: Caryo-
dendron, Discoglypremna, Alchorneopsis; bernar-
dieae: Bernardia, Necepsia, Amyrea, Paranecepsia, 
Afrotrewia, Discocleidion, Adeno phaedra; pycno-
comeae: Pycnocoma, Droceloncia, Argomuellera, 
Blumeodendron, Podadenia, Ptychopyxis, Botryophora; 
epiprineae: Epiprinus, Symphyllia, Cleidiocarpon, 
Koilodepas, Cladogynos, Cephalocrotonopsis, Cepha-
locroton, Adenochlaena, Cephalomappa; adelieae: 
Adelia, Crotonogynopsis, Enriquebeltrania, Lasio-
croton, Leucocroton; alchorneeae: Orfi lea, Bossera, 
Alchornea, Caelebogyne, Aparisthmium, Bocquillonia, 
Conceveiba, Gavarretia, Polyandra; acalypheae: 
Ricinus, Adriana, Mercurialis, Seidelia, Leidesia, 
Dysopsis, Wetria, Cleidion, Sampantaea, Macaranga, 
Erythrococca, Claoxylon, Claoxylopsis, Discocla-
oxylon, Micrococca, Lobanilia, Mareya, Mareyopsis, 
Mallotus, Deuteromallotus, Cordemoya, Coccoceras, 
Avellanita, Trewia, Neotrewia, Rocking hamia, 
Octospermum, Acalypha, Lasiococca, Spathiostemon, 
Homonoia; plukenetieae: Haema tostemon, Astro-
coccus, Angostylis, Romanoa, Eleuthe rostigma, Pluke-

netia, Vigia, Cnesmone, Megistostigma, Sphaerostylis, 
Tragia, Tragiella, Platygyne, Acidoton, Gitara, 
Pachystylidium, Dalechampia; omphaleae: Omphalea.

4.5 CROTONOIDEAE
Articulated and/or inarticulated laticifers usually pres-
ent. Leaves stipulate or estipulate, simple and entire, 
dentate or palmately lobed or compound, alternate, 
opposite, or rarely verticillate. Petals and nectary disc 
present or absent. Pollen grains 2-celled or 3-celled, 
3-colporate to more commonly porate or inaperturate, 
mostly with ornamentation of knobs in hexagonal 
pattern. Ovule one per locule. Seeds often carunculate. 
Endosperm usually copious, often oily. – micran-
dreae: Micrandra, Micrandropsis, Cunuria, Hevea; 
manihoteae: Manihot, Cnidoscolus; adenoclineae: 
Glycydendron, Klaineanthus, Tetrorchidium, Adeno-
cline, Ditta, Endospermum; gelonieae: Suregada, 
Cladogelonium; elateriospermeae: Elaterio spermum; 
jatropheae: Jatropha, Vaupesia, Oligoceras, 
Deutzia nthus, Loerzingia, Joannesia, Leeuwenbergia, 
Annesijoa; codiaeae: Baloghia, Hylandia, Ostodes, 
Pausandra, Dodecastigma, Pantadenia, Parapan-
tadenia, Dimorphocalyx, Fontainea, Codiaeum, Acido-
croton, Ophellantha, Blachia, Strophioblachia, Sagotia, 
Baliospermum; trigonostemoneae: Trigonostemon; 
ricinocarpeae: Ricinocarpos, Alphandia, Beyeria, 
Bertya, Myricanthe, Cocconerion, Borneodendron; 
crotoneae: Mildbraedia, Chylamydojatropha, Para-
croton, Moacroton, Apodiscus, Croton, Crotonopsis, 
Eremocarpus, Julocroton; ricinodendreae: Givotia, 
Ricinodendron, Schinziophyton; aleuritideae: 
Aleurites, Reutealis, Vernicia, Garcia, Cavacoa, 
Grossera, Tapoides, Anomalocalyx, Sandwithia, 
Tannodia, Neoholstia, Domohinea, Cyrtogonone, 
Crotonogyne, Manniophyton, Neoboutonia, Benoistia.

4.6 EUPHORBIOIDEAE
Laticifers inarticulate. Leaves mostly stipulate (except 
in Euphorbia), simple entire, dentate or lobed, alternate 
(rarely opposite). Sepals mostly valvate (rarely imbri-
cate). Petals and usually nectary disc absent. Pollen 
grains 2-celled or 3-celled, 3-colporate. Ovules one 
per locule. Seeds carunculate or not. Endosperm copi-
ous. – stomatocalyceae: Plagiostyles, Pimelo-
dendron, Hamilcoa, Nealchornea; hippomaneae: 
Homalanthus, Dendrocousinsia, Excoecaria, Spiro-
stachys, Sebastiania, Colliguaja, Microstachys, 
Conosapium, Grimmeodendron, Bonania, Adenopeltis, 
Stillingia, Spegazziniophytum, Falconeria, Sapium, 
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Hippomane, Dendrothrix, Senefelderopsis, Plera-
denophora, Sclerocroton, Balakata, Triadica, 
Shira kiopsis, Mabea, Gymnanthes, Ditrysinia, 
Anomostachys, Neoshirakia, Pseudosenefeldera, 
Actinostemon, Senefeldera, Rhodothyrsus, Dalembertia, 
Maprounea; pachystromateae: Pachystroma; hureae: 
Alger nonia, Tetraplandra, Ophthalmoblapton, Hura; 
euphorbieae: Anthostema, Dichostemma, Neoguil-
lauminia, Calycopeplus, Euphorbia, Elaeophorbia, 
Chamaesyce, Cubanthus, Monadenium, Synadenium, 
Endadenium, Pedilanthus.

The Euphorbiaceae are one of the most diversifi ed 
angiosperm families.

5. PANDACEAE

Engler et Gilg 1912–1913. 4/18. Tropical Africa, 
Southeast Asia to Solomon Islands, New Guinea.

cenrtoplaceae: Centroplacus; galearieae: 
Galearia, Microdesmis, Panda

It is widely accepted that the Pandaceae belong to 
the order Euphorbiales and Webster (1994), Thorne 
(2006) and Radcliffe-Smith (2001) even include them 
in the Euphorbiaceae in the subfamily Acalyphoideae. 
However Stuppy (1996) considers that from the ovule- 
and seed-morphology, the Pandaceae should be 
re-instated.
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Trees, shrubs, subshrubs, or perennial or annual herbs. 
Vessels with simple or less often scalariform perfora-
tions (sometimes with many bars). Sieve-element 
 plastids mostly of S-type. Leaves alternate, opposite or 
verticillate, simple or often compound, stipulate or 
estipulate. Stomata of various types. Flowers in vari-
ous types of infl orescences or solitary, bisexual or less 
often unisexual, actinomorphic or zygomorphic, cyclic, 
usually with double perianth or sometimes the petals 
much reduced or wanting. Sepals and petals free or 
more or less connate. Stamens from numerous to few, 
rarely solitary. Tapetum secretory, rarely amoeboid. 
Microsporogenesis simultaneous or very rarely suc-
cessive. Pollen grains 2-celled or less often 3-celled, 
mostly 3-colporate. Nectaries of various type, often of 
staminodial origin, often forming an intrastaminal or 
extrastaminal disc. Gynoecium apocarpous or more 
often of united carpels; stylodia free or connate into a 
style; ovary superior, or sometimes semi-inferior, often 
with only one or two ovules per carpel or per locule, 
but sometimes with several or many. Ovules usually 
anatropous, apotropous or epitropous, bitegmic or 
sometimes unitegmic or ategmic, crassinucellate or 
sometimes tenuinucellate. Endosperm nuclear or cel-
lular (not produced in Podostemales). Fruits of various 
types. Seeds with small to large, straight, or curved 
embryo, with copious or scanty endosperm or 
endosperm wanting. Frequently with alkaloids.

The subclass Rosidae demonstrates ambivalent 
affi nities to both the Hamamelididae and Dilleniidae.

Bibliography

Dickison WC. 1989. Comparisons of primitive Rosidae and 
Hamamelidae. In: P Crane and S Blackmore, eds. Evolution, 

systematics, and fossil history of Hamamelidae, vol. 1, 
pp. 47–73. Clarendon Press, Oxford.

Endress PK and ML Matthews. 2006. First steps towards a fl oral 
characterization of the major rosid subclades. Plant Syst. 
Evol. 260: 223–251.

Endress PE and S Stumpf. 1991. The diversity of stamen 
 structures in “Lower” Rosidae (Rosales, Fabales, Proteales, 
Sapindales). Bot. J. Linn. Soc. 107: 217–293.

Fehrenbach S and W Barthlott. 1988. Mikromorphologie der 
Epicuticular-Wachse der Rosales s.l. und deren system-
atische Gliederung. Bot. Jahrb. Syst. 109: 407–428.

Hallier H. 1903. Über Verwandtschaftsverhältnisse bei Engler’s 
Rosalen, Parietalen, Myrtifl oren, und in an-deren Ordnungen 
der Dikotylen. Abh. Naturw. Ver. Hamburg 18: 1–98.

Hallier H. 1908. Über Juliania, eine Terebinthaceen-Gattung 
mit Cupula, und die wahren Stammeltern der Kätzchenblütler: 
Neue Beiträge zur Stammesgeschichte nebst einer Übersicht 
über das natürliche System der Dicotyledonen. Dresden.

Heimsch CH. 1942. Comparative anatomy of the secondary 
xylem in the “Gruinales” and “Terebinthales” of Wettstein 
with reference to taxonomic grouping. Lilloa 8: 83–198.

Hijwegen T. 1981. Fungi as plant taxonomists: II. Affi nities of 
the Rosifl orae. Acta Bot. Neerl. 30: 479–491.

Huber H. 1963. Die Verwandtschaftsverhältnisse der Rosifl oren. 
Mitt. Bot. Staatssamml. München 5: 1–48.

Hufford L. 1992. Rosidae and their relationships to other 
 nonmarginal dicotyledons: A phylogenetic analysis using 
morphological and chemical data. Ann. Missouri Bot. Gard. 
79: 218–248.

Mauritzon J. 1939. Contributions to the embryology of the orders 
Rosales and Myrtales. Acta Univ. Lund. 2 (35): 1–121.

Superorder ROSANAE

Order 78. CUNONIALES

Trees and shrubs. Vessels with scalariform perforation 
(sometimes with many bars), mixed scalariform and 
simple perforations, or rarely only with simple 
 perforations; lateral pitting from scalariform to  alternate. 

Subclass VI. ROSIDAE
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Fibers with bordered or simple pits. Rays heterogeneous. 
Axial parenchyma apotracheal or (Brunelliaceae) want-
ing. Sieve-element plastids of S- or Pc-type. Nodes 
trilacunar or multilacunar, rarely (Bauera)  unilacunar. 
Leaves alternate, opposite or  verticillate, simple or 
compound, stipulate. Stomata paracytic, anomocytic, 
anisocytic or encyclocytic. Flowers small or rarely 
large, in axillary or terminal infl orescences, rarely soli-
tary in the axils, mostly bisexual,  actinomorphic, with 
double perianth or less often apetalous (some 
Cunoniaceae and Brunelliaceae). Stamens numerous to 
few, free; fi laments slender; anthers tetrasporangiate, 
opening longitudinally or (Davidsonia) by apical pores 
that elongate into longitudinal slits. Tapetum secretory. 
Microsporogenesis simultaneous. Pollen grains 
2-celled, small, mostly 3-colporate, 2-colporate, or 
2-colpate. Nectary disk mostly present. Gynoecium 
apocarpous or mostly of more or less united carpels; 
stylodia free, with capitate or (Brunelliaceae) decurrent 
stigma. Ovary superior, semi-inferior or inferior, with 
two to numerous ovules per carpel or per locule. Ovules 
anatropous or less often campylotropous, apotropous, 
or epitropous, bitegmic, crassinucellate. Female game-
tophyte of Polygonum-type. Endosperm nuclear. Fruits 
mostly capsular. Seeds exotegmic, with small or large, 
straight embryo; endosperm more or less copious or 
(Davidsonia) wanting.

In many respects Cunoniales are relatively the most 
archaic member of the subclass Rosidae, and they are 
probably the nearest to the hamamelids. The similarities 
between the cunonialean families, such as Cunoniaceae, 
and the archaic members of the Hamamelididae are 
 discussed in detail by Dickison (1989).

Key to Families
1 Axial parenchyma present. Trees and erect shrubs. 

Indumentum generally of simple hairs, or occasion-
ally stellate and peltate trichomes, or rarely stinging 
hairs (Davidsonia). Vessels with scalariform 
(Acsmithia, Gill beea, Pullea, Spiraeanthemum, and 
Weinmannia p.p.) and mixed simple and scalariform 
perforations. Vessel-ray pits coarse and scalariform 
to opposite. Axial parenchyma mainly diffuse, 
diffuse-in- aggregates, and scanty paratracheal. 
Nodes mostly  trilacunar with three traces, some-
times (Codia and Pulled) multilacunar or (Bauera) 
unilacunar. Sieve-element plastids of S-type, or of 
Pc-type with single polygonal protein crystal loid 
(Eucryphia). Leaves opposite or sometimes 

 verticillate, rarely alternate (Davidsonia), imparip-
innately compound or trifoliolate, seldom unifoli-
olate; the  leafl ets vary from entire or serrate to 
dentate. Stipules sometimes large and  conspicuous, 
usually united in pairs to form the characteristic 
interpetiolar stipular condition, commonly with 
small colleters ( multicellular, glandular secretory 
 structures). Flowers small, bisexual or less often 
 unisexual (plants dioecious or polygamous), actino-
morphic, mostly both sepals and petals. Sepals (3)-
6(-10), valvate or imbricate, in some genera enlarged 
in fruit, in others persistent or  caduceus. Petals as 
many as sepals and alternate with them, or more 
numerous than the sepals (Bauera). Stamens 8–10 
or less often 4–5, sometimes numerous; fi laments 
 usually long and thin; anthers introrse, more or less 
dorsifi xed, versatile (except Bauera), opening 
longitudinally. Pollen grains mostly 3-colporate, 
rarely (Bauera)  syncolpate, smooth or nearly so. 
A  saucershaped,  annular nectary disc usually 
developed around the gynoecium. Gynoecium of 
two or less often 3–5 carpels, syncarpous or some-
times (Acsmithia, Acrophyllum, Pancheria, and 
Spiraeanthemum)  apocarpous; carpellary margins 
mostly inrolled;  stylodia free or more or less con-
nate, usually with stigmas ranging from relatively 
undifferentiated to capitate or subcapitate, but in 
some species of Cunonia extending  downward and 
in Vesselowskya decurrent on the  ventral surface of 
the conspicuously elongate stylodium. Ovary supe-
rior or sometimes semi-inferior or inferior. Ovules 
(1)2-many per locule or per carpel, apotropous or 
sometimes (Acsmithia and Spiraeanthemum) 
epitropous. Fruits dehiscent or  indehiscent, mostly 
capsular, sometimes follicular (Acsmithia and 
Spiraeanthemum), drupaceous (Aistopetalum and 
Schizomeria), or samara (Gillbeea), or pseudosa-
mara (Ceratopetalum). Seeds small to relatively 
large, in dehiscent fruits usually with winges at 
one or both ends, or hairy without wings; embryo 
embedded in abundant starchy endosperm (except 
Davidsonia). Contain much tannin, glycosides of 
 kaempferol and quercetin, fl avonoids prodel-
phinidins and myricetin; Bauera rubioides con-
tain proanthocyanidins n = 16, 15 (Weinmannia, 
Euchriphia), 12 (Pancheria).. . . . 1. cunoniaceae.

1 Axial parenchyma absent. Evergreen, tall trees up to 
40 m tall, usually tomentose throughout; hairs 
 unicellular. Twigs angular, with rather large pits. 
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Vessel  elements elongate, thin-walled, some of 
them with scalariform perforations that have up to 
35 bars, others with simple and scalariform perfo-
rations. Fibers with small, simple, or obscurely 
bordered pits, often septate. Nodes trilacunar or 
pentalacunar. Leaves opposite or ternate, pinnately 
compound, trifoliolate to unifoliolate or simple, 
the leafl ets opposite,  pinnately veined, entire to 
double-dentate; stipules small, caducous, often 
more than two. Stomata anomocytic. Flowers 
small, in  axillary or terminal cymes, bisexual to 
more or less unisexual (commonly dioecious or 
gynodioecious), apetalous; male fl owers with a 
 vestigial  gynoecium, and female fl owers with a ves-
tigial androecium. Sepals (4)5–6(-8), shortly con-
nate below, valvate, persistent in the fruits. Nectary 
disc intrastaminal, adnate to the calyx, cupular, 
8–10-lobed. Stamens 8-10(-14), in two cycles; fi la-
ments slender, hairy, inserted in the notches of the 
nectary disc; anthers dorsifi xed, versatile, introrse, 
opening longitudinally. Pollen grains  3-colporate. 
Gynoecium apocarpous, of 2–3 carpels or more 
often up to same number as sepals, more or less 
adnate to the disc; each carpel gradually attenuates 
into long, slender, elongate, curved, or hooked sty-
lodium with a linear, decurrent, sutural stigma that 
extends along its entire length and is composed of 
bands of papillae. Ovules two per carpel, collateral, 
pendulous, epitropous. Fruits of 1–2-seeded fol-
licles, usually densely short reddish to yellowish 
tomentose and with long, pointed trichomes; endo-
carp more or less lignifi ed, separating from the 
exocarp at maturity. Seeds with thick, hard, shiny 
testa and corky, subarillate raphe, attached by a 
funicle in dehisced follicle; embryo large, straight, 
surrounded by copious, carnose, mealy, white 
endosperm, n = 14.  . . . . . . . . . 2. brunelliaceae.

1. CUNONIACEAE

R. Brown 1814 (including Baueraceae Lindley 1830, 
Belangeraceae J. Agardh 1858, Callicomaceae 
J. Agardh 1858, Davidsoniaceae Bange 1952, 
Eucryphiaceae Endlicher 1841, Spiraeanthemaceae 
Doweld 2001). 27/300. Almost exclusively confi ned to 
the Southern Hemisphere between 13° and 35° 
S, mainly Australia, New Caledonia, and New Guinea; 
a few (Weinmannia spp.) north to the Philippines and 

southern Mexico; there are a few genera in tropical 
America and South Africa. The largest genus 
Weinmannia (190) distributed through Madagascar, 
Mascarenes, Malesia, the Pacifi c, New Zealand, Chile, 
Mexico, and the West Indies. Cunonia has a discon-
tinuous distribution is South Africa (1) and New 
Caledonia (16). Bauera (3) and Davidsonia are 
endemic to Australia, Eucryphia (5) Eastern Australia, 
Tasmania, Chile, Argentina.

1.1 CUNONIOIDEAE
Erect trees and shrubs. Nodes trilacunar or sometimes 
(Codia and Pullea) multilacunar. Leaves with inter-
petiolar stipules. Petals mostly present. Anthers 
 dorsifi xed, versatile. Carpels mostly 2, rarely 5–3. – 
Spraeanthemum, Acsmithia, Aistopetalum, Hooglandia, 
Schizomeria, Ceratopetalum, Anodopetalum, Platy-
lophus, Gillbeea, Acrophyllum, Lamanonia, Pseudo-
weinmannia, Geissois, Caldcluvia, Opocunonia, 
Ackama, Spiraeopsis, Pullea, Codia, Callicoma, 
Vesselowskya, Pancheria, Cunonia, Weinmania.

1.2 BAUEROIDEAE
Erect shrubs. Nodes unilacunar with three traces. 
Leaves trifoliate and estipulate, or simple with well-
developed leafl ike stipules. Petals present. Anthers not 
versatile. Carpels 2. – Bauera.

1.3 EUCRYPHIOIDEAE
Trees and shrubs with simple, unicellular hairs, 
 producing gum or mucilage and sticky terminal buds. 
Sieve-element plastids with protein crystals. Nodes 
 trilacunar. Leaves simple or pinnately compound; 
stipules interpetiolar, small, caducous, with large 
 colleters. Stomata paracytic. Petals 4(5), imbricate. 
Athers versatile. Carpels 4–14(-18). Fruits leathery or 
woody septicidal capsules. n = 15, 16. – Eucryphia.

1.4 DAVIDSONIOIDEAE
Small trees; hairs urticating. Leaves alternate, to 1 m 
long. Stomata paracytic. Flowers in large, axillary or 
supra-axillary panicles with spikelike branches, 
 bisexual, apetalous. Anthers dorsifi xed, introrse. 
Carpels 2, rarely 3; ovules 5–7, pendulous. Fruits large 
2-pyrened drupes, red-velvety when young, pruinose 
and glaucous at maturity, with fl eshy mesocarp and 
fl attened, fi mbriate-laciniate pyrenes. Seeds strongly 
compressed, glabrous, broad-ovate to circular, without 
endosperm. – Davidsonia.
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Dickison (1975a, 1980b, 1984) has shown, the gen-
era Ascmithia (17, Moluccas to western Pacifi c) and 
Spiraeanthemum (6, western Pacifi c) are evidently the 
most archaic members of the family (primitive wood 
anatomy, paracytic stomata, and apocarpous gynoe-
cium.). They differ from the other members also in the 
carpels, which are vascularized by fi ve or four major 
vascular bundles, and the carpel margins, which are 
not inrolled (Dickison 1975b). These differences show 
their rather isolated position.

2. BRUNELLIACEAE

Engler 1897. 1/c.60. America from Mexico, Costa 
Rica, and West Indies to Venezuela and the Andes of 
Colombia, Bolivia, and Peru.

Brunellia.
Close to the Cunoniaceae (Hallier 1903a, 1912; 

Engler 1930; Cuatrecasas 1970; Dickison 1989; Thorne 
2000, 2006). According to Dickison (1989: 50), strong 
 similarities exist between the two families in vegetative 
morphology, similar fl oral diagram, ovular type (partic-
ularly Acsmithia and Spiraeanthemum), and fruit anat-
omy. As Cuatrecasas (1970) and Dickison (1989) point 
out, Brunellia is uniquely characterized by a linear, 
decurrent, sutural stigma and a highly specialized carpel 
maturation and mature fruit. The Brunelliaceae are a 
highly heterobathmic family with a mixture of both ple-
siomorphic and apomorphic characters.
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Order 79. ANISOPHYLLEALES

Large trees or shrubs of wet primary forests. Vessels 
with simple perforations; lateral pitting alternate, with 
coalescent apertures. Fibers with distinctly bordered 
pits. Rays heterogeneous, very broad, multiseriate. 
Axial parenchyma apotracheal and often banded, 
 varying to paratracheal and irregular. Sieve-element 
plastids of S-type. Lysigenous secretory cavities are 
present in the parenchymatous tissues of Poga. Nodes 
unilacunar with one trace. Leaves alternate, simple, 
entire, often 2-ranked, base asymmetrical, sometimes 
pellucid-punctate, estipulate or (Polygonanthus) with 
2–4 minute stipules, very base of the petiole. Stomata 
mostly paracytic. Flowers small (except for the female 
fl owers of Polygonanthus), in axillary spikes, racemes, 
or panicles of catkin-like spikes, rarely solitary, 
 bisexual (Combretocarpus and a few species of 
Anisophyllea) or more often unisexual and monoecious 
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or dioecious, sometimes polygamous, actinomorphic, 
mostly 4- merous, but in Combretocarpus usually 
3-merous and in other genera sometimes 5-merous. 
Calyx and petals valvate. Petals commonly deeply 
incised, generally with three, fi ve, or seven lobes, 
which in taxa of Anisophyllea and Poga may have an 
enlarged, glandular tip; in Poga and Polygonanthus 
petals entire, but sometimes fi nely fi mbriate, in 
Combretocarpus they are lacking or reduced. Stamens 
(6-)8 (-10), in 2 cycles, incurved in bud, free, with 
narrow fi laments; anthers tetrasporangiate or 
(Polygonanthus) occasionally the pollen sacs divided 
by tapetal septa, dorsifi xed, ovoid, introrse, opening 
longitudinally. Tapetum secretory. Microspo rogenesis 
simultaneous. Pollen grains 2-celled, 3- colporate, 
have a rather thin tectum with reticulate-punctate or 
rarely (Anisophyllea disticha) striate surface, endoap-
ertures, when present, are  circular and poorly defi ned. 
A lobed intra- and interstaminal,  discontinuous 
nectary disc surrounds the top of the ovary. Gynoecium 
of (3)4(5) united carpels with free, subulate stylodia. 
Ovary inferior, 3–4-locular, with two (Combretocarpus) 
or one ovule per locule. Ovules pendulous from the 
axile  placenta, anatropous, bitegmic or (Anisophyllea 
and Combretocarpus) unitegmic, clearly crassinucel-
late; no endothelium is formed. Female gametophyte 
of Polygonum-type or (Combretocarpus) of Allium-
type. Endosperm nuclear. Fruits drupaceous 
(Anisophyllea), or dry, woody, strongly winged, 
crowned by much enlarged and persistent calyx lobes 
(Polygonanthus), samara (Combretocarpus), or 
3–4-seeded capsules (Poga). Seeds winged or wing-
less; coat testal (consists of the testal epidermis only, 
as in Poga, of multilayered testa, as in Polygonanthus, 
or of multilayered or  ultimately thin single integu-
ment, as in Anisophyllea and Combretocarpus respec-
tively); embryo has a long hypocotyl and small to 
rudimentary cotyledons or no cotyledons at all; no 
endosperm. Aluminum accumulation is highly char-
acteristic. Clearly tanniniferous plants. Alkaloids are 
unknown, n = 7, 8.

According to Dahlgren (1988: 1274), in gross mor-
phology Anisophylleaceae are “largely Saxifragalean-
Rosalean in nature,” and he agrees with Cronquist 
(1981), who places Anisophylleaceae in Rosales sensu 
latissimo. According to Dahlgren the fl oral morpho-
logical data as well as embryological conditions in 
Anisophylleaceae agree completely with those com-
mon in Rosaceae sensu stricto. “It is probable that 

Anisophylleaceae comprise a rather isolated family 
evolved from ancestors shared between those in 
Rosales, Cunoniales, and Saxifragales,” concludes 
Dahlgren (1988: 1275). On the other hand, according 
to Tobe and Raven (1988: 1427), “embryological 
 features suggest strongly that Anisophylleaceae, even 
though there are some points of similarity to Rosales 
sensu stricto, do not belong in that order.” In their 
opinion it is more appropriate to regard Anisophylleaceae 
as constituting a distinct order. Matthews et al. (2001), 
Schönenberger et al. (2001), Matthews and Endress 
(2004) showed striking similarities in fl oral structure 
of Anisophylleaceae with the Cunoniaceae, which is 
supported by greater similarity between in fl owers of 
Anisophyllea (Anisophylleaceae) and the genus 
Ceratopetalum (Cunoniaceae) (Matthews et al. 2001). 
According to molecular date the Anisophylleaceae 
belong in the Cucurbitales, which is not acceptable.

1. ANISOPHYLLEACEAE

Ridley 1922. 4/34 (including Polygonanthaceae Croizat 
1943). Tropical Africa, tropical Asia (India to Malesia), 
South America; Combretocarpus (1) is endemic to 
Borneo, Polygonanthus (2) to Brazil (Amazonia).

Anisophyllea, Poga, Polygonanthus, Combretocarpus.
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Order 80. CEPHALOTALES

Small, insectivorous, perennial bog-herbs with a short 
underground rhizome. Vascular system composed of a 
ring of xylem and phloem interrupted by broad, foliar 
rays. Vessels with scalariform perforations. Sieve-
element plastids of Ss-type. Leaves alternate, all basal, 
of two kinds, the lower (outer) ones of the rosette 
 modifi ed into ground level pitchers, the upper ones fl at, 
entire, estipulate; the pitchers probably represent an 
ascidiate petiole dilated at the top into a lid (the lid is an 
outgrowth from the upper surface of the petiole below 
the pitcher proper while the pitcher has been produced 
by a ventral-dorsal invagination of the upper, more dis-
tal region according to Lloyd 1942); the lower surface of 
the lid and the distal inner surface of the pitcher slippery, 
coated with overlapping, downwardly directed projec-
tions from the epidermal cells;  multicellular, embedded 
glands present on the pitcher surfaces as well as on the 
petiole and lower surface of the vegetative leaves; fl ask-
shaped embedded glands also present in the interior of 
the pitcher and especially large on the brightly colored, 
cushionlike projections from the surface. The mouth of 
the pitcher is  surrounded by a corrugated rim, each cor-
rugation forming a clawlike tooth extending inward and 
downward. Stomata paracytic. Flowers small, borne on 
a leafl ess scape arising from the center of the rosette and 
bearing  racemously arranged dichasia, bracteate, bisex-

ual, actinomorphic, 6-merous, apetalous. Calyx colored, 
synsepalous, 6-lobed; lobes valvate, hooded. Stamens 
12, in two alternating cycles, inserted at the top of the 
calyx tube on the inner margin of a broad, thick, green, 
papillate, glandular nectary disc; anthers small, strongly 
introrse and cruciform, dorsifi xed, versatile, tetraspo-
rangiate, opening longitudinally; connective large, 
globose, swollen at the top and glandular. Pollen 
grains 2-celled, 3-colpate, smooth. Tapetum secretory. 
Gynoecium of 6 free carpels each with more or less 
circinately recurved, subulate stylodium and simple 
stigma, with one (rarely 2) ovule per carpel; ovary supe-
rior, 1-locular. Ovules basal, ascending, anatropous, 
with dorsal raphe, bitegmic, crassinucellate, with an 
endothelium. Fruits multifollicles, densely hairy. Seeds 
with small, straight embryo surrounded by  copious, 
fl eshy endosperm; testa and tegmen very thin. Present 
myricetin and quercetin, ellagic and gallic acids, and 
tannin cells; n = 10.

Evidently related to the Cunoniales, which is 
 supported by the 18S rDNA and rbcL sequences data 
(Sotlis and Soltis 1997; Soltis et al. 2006) and even 
more to Brunelliaceae, they have an identical fl oral 
diagram (Conran 2004).

1. CEPHALOTACEAE

Dumortier 1829. 1/1. Southwestern Australia.
Cephalotus.
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Order 81. SAXIFRAGALES

Trees and shrubs, or perennial and annual herbs. 
Vessels mostly with scalariform or more often simple 
perforations. Sieve element plastids of S- or P-types. 
Nodes trilacunar, multilacunar, or unilacunar. Leaves 
alternate, opposite or verticillate, simple or compound, 
stipulate or estipulate. Stomata of various types. 
Flowers in various kinds of infl orescences or solitary, 
mostly bisexual, actinomorphic, actinomorphic or less 
often zygomorphic, usually with double perianth, 
sometimes apetalous. Perianth forming a more or less 
well-developed fl oral tube, free or more or less adnate 
to the base of the ovary. Sepals mostly fi ve, less often 
less (3, or 4) or more (up to 10), free or more or less 
connate, imbricate or valvate. Stamens few to 
 numerous, mostly as many or twice as many as the 
sepals; anthers basifi xed or less often slightly dorsi-
fi xed, introrse or latrorse, tetrasporangiate, opening 
longitudinally. Tapetum secretory. Microsporogenesis 
 simultaneous. Pollen grains 2-celled or 3-celled, mostly 
3-colporate to pantoporate. Nectary disc mostly present. 
Gynoecium of free or more or less united carpels, stylo-
dia free, stigma decurrent to capitate; ovary superior, 
semi-inferior or inferior, with 1–2 to numerous ovules 
per carpel or per locule. Ovules usually anatropous, 
bitegmic or rarely unitegmic (Tetracarpaeaceae, 
Darmera, section Micranthes of Saxifraga, Choristylis), 
crassinucellate. Female gametophyte of Polygonum- or 
Allium-type, or rarely (Gunneraceae) Peperomia-type. 
Endosperm cellular or less often helobial or nuclear. 
Fruits multifollicles (Penthoraceae, majority of 
Crassulaceae), capsular, baccate (Grossulariaceae), 
drupaceous (Gunneraceae), or nutlike (Aphanopetalaceae). 
Seeds small or minute, exotestal or rarely (Astilbe and 
Rodgersia in Saxifragaceae) exotestal-endotegmic; 
embryo small or large, mostly straight; endosperm 
 usually copious. Present fl avones, fl avonoids, proantho-
cyanidins, alkaloids.

The basal member of the Rosidae.

Key to Families
1 Flowers usually 4-merous.

2 Leaves mostly alternate.
3 Ovules bitegmic.

4 Embryo straight, cylindrical. Perennial or 
annual aquatic or terrestrial herbs, subshrubs 
or shrublets, or seldom (Haloragodendron) 
shrubs or small trees up to 3 m tall, glabrous 
or scabrous with simple uniseriate hairs; 
often calcium oxalate crystals in hair-like 
 cortical cells. Vessels with simple perfora-
tion. Rays heterogeneous to homogeneous. 
Leaves alternate, opposite or verticillate, 
simple, entire to more or less deeply 
 dissected, pinnatifi d or multifi d, with minute 
vestigial stipules. Stomata usually anomo-
cytic. Flowers in dichasial, often com-
pounded infl orescences,  sometimes reduced 
to solitary axillary fl owers, usually small, 
bisexual or unisexual (monoecious), actino-
morphic, basically 4-merous, but often 
reduced to 3- merous or sometimes 2-merous 
condition, 2-bracteolate. Sepals valvate, per-
sistent, absent in the female fl owers of 
Myriophyllum. Petals imbricate, keeled, 
hooded, or navicular in the apex and more or 
less unguiculate in the base, deciduous with 
stamens, absent in Proserpinaca and female 
fl owers of Myriophyllum and Laurembergia. 
Stamens typically eight in two cycles, but 
sometimes the antesepalous or antepetalous 
cycle is absent or  rudimentary or (antesepal-
ous stamens in some species Gonocarpus) 
transformed into staminodia; fi laments usu-
ally very short, slender; anthers large, oblong 
( reniform in Proserpinaca), basifi xed, with 
shortly apiculate connective, introrse, the 
antesepalous anthers sometimes more or less 
longer than antepetalous ones. Pollen grains 
3-celled, pertectate, 4–5(6)-colpate or 
4–5-porate. Gynoecium usually of four 
united carpels, but reduction to three or two 
occurs in some genera and species; stylodia 
free, clavate, more or less bulbously based, 
convergent at tips until anthers shed, with 
more or less capitate, fi mbriate stigmas; 
ovary inferior, (1–3)4-locular, but sometimes 
septa are weakly  developed or completely 
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lacking (Laurembergia and most species of 
Glischrocaryon), with 1–2 pendulous ovules 
per locule (if two ovules, then one aborts at 
an early stage). Ovules anatropous or 
hemitropous, with hypostase and weakly 
developed funicular  obturator. Haustorial 
suspensor present. Endosperm  cellular 
(Haloragis and some species of 
Myriophyllum) or nuclear (Laurembergia 
and some species of Myriophyllum). Fruits 
small, nutlike or drupelike, in Myriophyllum 
splitting septicidally into (2–3)4  mericarps, 
but in all other genera indehiscent, 1–4 
seeded, variously ornamented with wings, 
ribs and tubercles. Seeds with straight, cylin-
drical embryo and usually with more or less 
copious, starchy endosperm; exotesta (and 
hypodermal payer) persistent, thin-walled. 
Present fl avones, tannins, myriophyllin and 
ellagic acid; n = 6 (Gonocarpus), 7, 9, 21, 
29, mostly 7.  . . . . . . . . . 5. haloragaceae.

4 Embryo curved to bent (obcordate). Perennial 
herbs with very short upright stems approach-
ing acaulescence, and short or prostrate and 
creeping, usually more or less fl eshy rhi-
zomes, and adventitious roots, harboring 
symbiotic Nostoc and Chlorococcus colo-
nies in superfi cial tissues of stem and petiole 
entered through hydathodes or mucilage 
glands. The stem has an endodermis. Hairs 
unicellular. Vascular system of the stem and 
rhizome consists of anastomosing  bundles, 
each with its own endodermis. Scalariform 
perforation plates occur in most vessel ele-
ments of stolons and roots; vessels with 
simple perforations are more frequent in the 
stems of large leafed-species (Wilkinson 
2000). Fibers thick-walled, with simple 
pits. Sieve-element plastids of Pcs-type. 
Nodes multilacunar. Leaves alternate, all 
radical, extremely large (sometimes more 
than 3 m across) to small, long- petiolate, 
orbicular, reniform or ovate, sometimes 
peltate, entire, toothed, or variously lobed; 
the margins of larger-leafed species are 
crenate-denate with crenations and lobes 
having protruding hydathodes, up to 8 mm; 
 pinnately or subpalmately veined, with 

large median axillary scales (squamulae 
intravaginales), which sometimes have been 
interpreted as stipular. Stomata anomocytic. 
Flowers small, in mostly very large,  terminal 
or upper axillary, often much branched, rac-
emose panicles, usually not bracteolate, the 
basal ones often female, upper ones male 
and middle ones  bisexual, or seldom all the 
fl owers bisexual or the  fl owers all unisexual 
and dioecious, monoecious or gynomonoe-
cious. Sepals two, rarely three, valvate, very 
small, often almost absent. Petals two, 
miter-shaped, or more often absent. Stamens 
one or two, rarely three, with short fi la-
ments; anthers 2-locular, opening longitu-
dinally. Pollen grains 2-celled, with 3(-5) 
long, deep colpi (with bulging mesocolpia). 
Gynoecium of two united carpels, with free 
subulate, long papillate  stylodia; ovary infe-
rior, 1-locular, rarely 2-locular (Gunnera 
chilensis), with 1(2) pendulous ovules. 
Ovules large, hemianatropous, with broad 
nucellus; micropyle endostomal, formed by 
inner integument. Female gametophyte of 
Peperomia-type (tetracyclic, 16-nucleate). 
Fruits one-seeded drupes. Seeds with a very 
small, cordate embryo and copious, oily 
endosperm. Producing caffeic and ellagic 
acids, pelargonidin, two fl avonoids: querce-
tin 3–0- galactoside, and quercetin 3–0-glu-
coside and high concentration of an 
unidentifi ed ellagitannin, n = 12, 17, 27, 
more often 17.  . . . . . . . . .6. gunneraceae.

3 Ovules unitegmic. Low, evergreen, glabrous 
shrubs. Imperforate tracheary elements are 
exclusively very short tracheids. Vessels sca-
lariform, with 5–18 bars per plate; lateral pit-
ting scalariform to opposite. Rays heterogeneous. 
Axial parenchyma apotracheal, sparse and 
either diffuse or diffuse-in-aggregates. Nodes 
 unilacunar and one-trace. Leaves small, simple, 
 serrate, with rounded to acute teeth, pinnately 
veined with  conspicuous secondary veins ter-
minating near the leaf margin. Stomata anomo-
cytic. Flowers in erect bracteate racemes, small, 
bisexual, actinomorphic. Sepals four, small, 
essentially free, imbricate, persistent. Petals 
four, free, spreading, spatulate, slightly 
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 imbricate, caducous. Stamens four or eight, 
borne in a single cycle and positioned in both 
sepal- and petal-planes although one or more 
members of the whorl may be missing; fi la-
ments free, fi liform; anthers  elliptic-oblong, 
basifi xed, latrorse. Pollen grains very small, 
3-colporate, rugulate. Carpels 4(5), fusiform, 
supplied by three veins that all reach the 
stigma, prominently stipitate, erect, free for 
most of their length, but sometimes adjacent 
ones are united to the middle of their ventral 
surfaces; usually one or more carpels remain 
unfused; stigma subsessile, small, lobed. 
Ovules numerous, borne on branched submar-
ginal placentas. Fruits multifollicles; follicles 
erect, stipitate, coriaceous, many-seeded. 
Seeds very small, obovoid- subulate, testa 
membranous, slightly prolonged at each end, 
with narrow wings extended along their entire 
length and parallel ridges on the surface; 
embryo  minute, at the base of fl eshy copious 
endosperm.  . . . . . . . . . .1. tetracarpaeaceae.

2 Leaves opposite, simple, ovate-lanceolate or 
 elliptical, serrate to mostly entire; stipules want-
ing but with minute colleters at each side of the 
nodes. Stomata anomocytic. Scrambling or viny, 
thin-stemmed,  glabrous shrubs, with endodermis 
in young stems. Vessels with scalariform perfora-
tions; rays homocellular, uniseriate and hetero-
cellular, multiseriate. Axial parenchyma scarce, 
being apotracheal diffuse with occasional para-
tracheal scanty; cells of both ray parenchyma and 
axial parenchyma contain abundant starch grains 
(Dickison et al. 1994). Nodes unilacunar with one 
trace. Flowers solitary or in axillary panicles, 
bisexual, 4-merous. Sepals free, imbricate, greatly 
enlarged after fl owering and persistent. Petals 
very small or absent. Stamens eight, perigynous; 
anthers long, almost basifi xed, not versatile, with 
connective protrusion, opening longitudinally. 
Pollen grains 3-colporate with regulate-stellate 
sculpture. Gynoecium of four carpels; style 
4-lobed apically, with four canals, stigmas ter-
minal, highly papillate; ovary semi-inferior, 
4-locular; ovules one per locule, suspended on 
axile placenta, with long, thick funiculus. Fruits 
nut-like, involucrate by the enlarged calyx-
lobes. Seed rugose; embryo curved, endosperm 
fl eshy.  . . . . . . . . . . . . . . 2. aphanopetalaceae.

1 Flowers mostly 5-merous. 
5 Gynoecium apocarpous or less often 

semiapocarpous (Penthoraceae and some 
Crassulaceae).

6 Vessels with scalariform perforations. Vessels 
have many to numerous bars (9–57, usually 
18–34 per plate); lateral pits bordered. 
Imperforate tracheary elements fi ber-tracheids 
and vascular tracheids. Axial parenchyma absent. 
Nodes unilacunar. Perennial rhizomatous, rather 
fl eshy herbs; young stem with pseudosiphonos-
tele. Leaves alternate, simple, serrate,  pinnately 
veined, nonsucculent. Stomata anomocytic. 
Flowers in terminal cymose infl orescences, 
bisexual, 6–7(8)-merous. Sepals basally connate, 
valvate,  persistent. Petals inconspicuous and 
devoid of venation or more often wanting. 
Stamens twice as many as sepals, in two cycles; 
fi laments fi liform; anthers basifi xed, latrorse. 
Pollen grains 3-colporate. Gynoecium of 5-6(7-
8) carpels united halfway, recurved, each with 
short stylodium and small capitate stigma; 
ovules numerous in each carpel, on a thick, 
axile placenta. Fruits syncarpous multifollicles; 
follicles circumscissile above their union. Seeds 
numerous, scobiform, papillate, with an oper-
culum formed by an inner integument in the 
micropylar part; seed coat consists of one layer 
of exotesta. Present fl avonoids and digluco-
sides, n = 8, 9.  . . . . . . . . . . 3. penthoraceae.

6 Vessels with simple perforations. Lateral pits 
 simple. Imperforate tracheary elements absent, 
or  libriform fi bers. Nodes unilacunar, trilacu-
nar or multilacunar. Mostly perennial herbs 
with fl eshy leaves and stem, sometimes suc-
culent subshrubs and small shrubs, rarely 
arborescent. Leaves alternate, opposite, or 
 sometimes verticillate, simple and usually 
entire, often with hydathodes. Stomata aniso-
cytic or diacytic. Flowers in various kinds of 
cymose infl orescences or sometimes solitary, 
bisexual or rarely (Rhodiola p.p.) unisexual, 
usually actinomorphic, mainly 5-merous or 
less, free or nearly so, less often more or less 
connate, persistent. Sepals usually green, free 
or more or less connate, much shorter than the 
corolla. Petals usually free or connate only at 
the base, rarely corolla sympetalous. Stamens 
mostly twice as many as petals, in two 
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obdiplostemonous cycles, less often isomer-
ous and alternate with the petals (Crassuloideae); 
fi laments free or very rarely connate below, in 
sympetalous fl owers borne on the corolla tube 
(the antepetalous ones a little higher than the 
antesepalous ones); anthers latrorse or more or 
less introrse, more or less basifi xed. Pollen 
grains 2-celled, usually 3-colporate. Carpels as 
many as the sepals or petals, free or connate 
only at the base, rarely (Diamorpha, Pagella) 
connate nearly to the  middle, each tapering into 
a short or elongate  stylodium; near the base of 
each carpel a small nectariferous scale borne 
externally, which is larger and petaloid in 
Monanthes and some species of Sedum. Ovules 
usually numerous in each carpel, rarely few or 
sometimes only one, on submarginal placentas, 
crassinucellate. Endosperm cellular, some-
times with chalazal haustoria. Fruits mostly 
many-seeded multifollicles which dehisce 
xerochastically, rarely (Diamorpha) syncarpous 
multifollicle with the carpels opening dorsally. 
Seeds very small; “seed coat is 4-layered: the 
exotestal cells have thickened outer wall, 
the inner exotegmic cell layer is pigmented, 
and the two middle layers are completely 
crushed” (Thiede and Eggle 2007); embryo 
long, straight; endosperm copious to scanty. 
Plants often with pyridine alkaloids, fl avones, 
acylated  fl avonol glycosides; red pigment com-
mon, even in roots; n = 4–8 with a reduction to 
7 in Crassula and n = 6, 7 in the Leucosedum 
clade (Mort et al. 2001).  . . . 4. crassulaceae.

5 Gynoecium usually syncarpous, rarely apocar-
pous or semiapocarpous.

7 Fruits juicy berries crowned by persistent calyx. 
Seeds usually numerous, rather small, with a 
funicular aril investing the seed or reduced to 
crenulate fl eshy placental ridge; exotestal cells 
palisade, mucilaginous, endotestal cells crystal-
liferous, radial and inner walls lignifi ed; embryo 
small, short; endosperm oily, with slightly thick-
ened walls. Flowers small, in racemes or solitary, 
bisexual or unisexual, actinomorphic. Sepals 
(4)5, basally connate, imbricate or subvalvate, 
sometimes petaloid, persistent; calyx tube adnate 
to the ovary. Petals (or staminodia) fi ve, small, 
squamiform, obovate or subulate, adnate to the 
calyx tube. Stamens fi ve, alternating with the 

petals. Pollen grains periporate. Gynoecium of 
two carpels with free or more or less connate 
stylodia and simple stigma. Ovary  inferior, 
1-locular, with few to numerous ovules on lat-
eral  placentas. Endosperm cellular, helobial, or 
nuclear. Leaves alternate, simple, variously 
lobed, with palmate venation, estipulate but 
often dilated at base; hydathodes associated with 
the apiculate marginal teeth. Stomata anamo-
cytic. Nodes trilacunar. Vessels with scalariform 
perforations or very rarely also with a few sim-
ple  perforations; lateral pitting mostly alternate. 
Fibers often with bordered pits. Rays heteroge-
neous. Axial parenchyma absent or in very rare 
bands. Erect, arching, trailing, or prostrate 
shrubs, often with  conspicuous 3-forked or sim-
ple nodal spines, and smaller, internodal bristles. 
Present fl avonoids and  tannins, proanthocyani-
dins, myricetin glycosides and some acids; n = 8, 
rarely 16. . . . . . . . . . . . . . 8. grossulariaceae. 

7 Fruits mostly capsular, sometimes multifollicles 
or syncarpous multifollicles.
8 Vessels usually with simple perforations. 

Fibers, when present, small, with bordered 
pits. Nodes usually trilacunar or less often 
multilacunar (Astilboides, Astilbe, Bergenia, 
Mukdenia, Rodgersia, Darmera). Perennial or 
rarely annual or biennial, often rhizomatous 
herbs; hairs uni- to multiseriate with multicel-
lular glandular head; young stem with separate 
bundles (pseudosiphonostele). Leaves gener-
ally basal, usually alternate, rarely opposite, 
simple, entire or lobed and pinnately or pal-
mately veined, or pinnately or  palmately com-
pound or decompound, estipulate. Stomata 
usually anomocytic. Flowers in various kinds 
of cymose or  racemose infl orescences or rarely 
solitary, bisexual or rarely unisexual (as in 
Tanakaea), actinomorphic or rarely zygomor-
phic. Perianth usually 5-merous, less often 
3-merous, forming a more or less developed 
 fl oral tube, which is free or variously adnate to 
the base of the ovary. Sepals imbricate or val-
vate. Petals 5(-10), imbricate or valvate, rarely 
wanting (as in Chrysosplenium and Bensoniella 
oregona). Stamens as many as petals and alter-
nate with them or twice that number, in which 
case there is a stamen opposite each perianth; 
sometimes eight, four or even (Tolmiea) three 
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stamens; anthers slightly introrse or latrorse, 
mostly basifi xed, sometimes slightly dorsi-
fi xed, versatile. Pollen grains 2-celled, 3-col-
pate, 3-colporate or 6–9-porate. Gynoecium 
mostly syncarpous, rarely more or less apocar-
pous (Astilbe spp. and Darmera), of 2–5 
(mostly only 2) carpels, usually with more 
or less free, apical stylodia; stigmas dorsal, 
papillate; the carpels sometimes more or less 
open ventrally in the free distal regions (as 
in Huchera, Tiarella, Tolmiea, Mitella, 
Bensoniella, and Tellima); ovary superior to 
inferior; ovules 9–30 in several rows, pendu-
lous or ascending, anatropous, bitegmic or 
rarely (Saxifraga section Micranthes, Darmera) 
unitegmic; micropyle zig-zag or not zig-zag. 
Endosperm cellular, helobial, or nuclear and in 
some members develops various kinds of 
 haustoria. Fruits mostly septicidal capsules, 
sometimes multifollicles or syncarpous multi-
follicles. Seeds small, smooth, exotestal cells 
with outer wall more or less thickened; embryo 
straight, minute to medium sized, surrounded 
by copious, oily endosperm. Present  fl avonols 
(quercetin, kaempferol, myricetin),  sometimes 
proanthocyanidins (cyanidin and  delphinidin), 
n = 7–17, mostly 7.. . . . . . 7. saxifragaceae. 

8 Vessels usually with scalariform perforations.
9 Ovary 5-locular. Much branched shrubs. 

Conical to peltate glandular hairs present. 
Vessels with simple to scalariform perfora-
tions. Nodes trilacunar. Leaves alternate, 
dentate, shining, glandular, and glutinous-
resinous above, softly pubescent below; 
stipules  minute, subulate, deciduous. Stomata 
anomocytic. Flowers in few-fl owered, 
corymbose cymes, bisexual, actinomorphic, 
5-merous. Calyx tube turbinate, adnate to 
ovary, lobes triangular-subulate, erect, val-
vate. Petals imbricate, conspicuous, at length 
refl exed, pubescent, white. Stamens ten in 
two cycles, inserted with the petals, erect, 
the fi ve outer fertile, with broad fi laments 
denticulate at apex and ovoid, dorsifi xed, 
mucronate, introrse anthers. Pollen grains 
3-colporate, with complete tectum and com-
plex endoaperture. Gynoecium of fi ve car-
pels; style shortly 5-lobed, with short and 
radiate stigmas, separating more with age; 
ovary inferior, with 4–6 ascending axile 

ovules per locule. Fruits  few-seeded, sep-
ticidal, woody capsules crowned by the 
erect sepals and refl exed petals. Seeds 
with cartilaginous testa, attenuated at either 
end; embryo elongate, surrounded by copi-
ous, fl eshy endosperm. Plants contain 
C-glycosyl fl avones and 3-O-glycosides of 
quercetin.. . . . . . . 9. pterostemonaceae.

9 Ovary 2-locular. Trees and shrubs with sim-
ple,  unicellular and glandular hairs; young 
stem with separate bundles. Branches with 
lamillate pith. Vessels with scalariform per-
forations that have numerous slender bars; 
lateral pitting scalariform. Rays uniseriate, 
heterocellular. Nodes trilacunar with three 
traces. Leaves alternate, dentate (spiny-
dentate in Itea  ilicifolia), pinnately veined, 
estipulate or with minute, linear stipules. 
Stomata paracytic. Flowers small, in ter-
minal or axillary racemes or panicles, 
bisexual or polygamous, actinomorphic. 
Sepals fi ve, basally connate into a short 
turbinate or obconic tube, lobes  valvate or 
open, persistent. Petals fi ve, valvate, per-
sistent. Stamens fi ve, alternating with the 
petals, inserted under the edge of the more 
or less developed annular nectary disc; 
 fi laments subulate; anthers small, oblong 
to ovoid,  dorsifi xed, introrse. Pollen grains 
2-porate, bilateral, ektexine homogeneous. 
Gynoecium of two united  carpels; stylodia 
connate into a 2-grooved style but become 
free at maturity although often still united 
by capitate stigmas; ovary nearly superior 
to more than three-quarters inferior, longi-
tudinally 2-grooved, with usually numerous 
ovules on axile placentas. Fruits septicidally 
2-valved capsules; fruit valves often 
attached by the stigma. Seeds few to many; 
exotestal cells with outer walls thickened; 
embryo large, curved, surrounded by sparse 
fl eshy endosperm. Present C-gycosyl 
glavones, an unusually in Saxifragales 
(Bohm et al. 1988); n = 11.  .10. iteaceae.

1. TETRACARPAEACEAE

Nakai 1943. 1/1. Mountains of Tasmania.
Tetracarpaea.
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Most closely allied with the Penthoraceae, 
Crassulaceae, and Saxifragaceae, which is supported by 
comparative morphological studies (Hils et al. 1988) 
and also rbcL sequence data (Morgan and Soltis 1993).

2. APHANOPETALACEAE

Doweld 2001. 1/2. Southeastern Australia.
Aphanopetalum.
Probably related to Haloragaceae (see Fishbein 

et al. 2001).

3. PENTHORACEAE

Rydberg ex Britton 1901. 1/2. Far East of Russia, 
Japan, Korea, China, northern Vietnam, and eastern 
parts of the United States from Maine to Ontario and 
Minnesota and south to Florida and Texas.

Penthorum.
Related to both the Crassulaceae and Saxifragaceae, 

differing from them in having vessels with scalariform 
perforations, fi bers with bordered pits, in their chemical 
makeup (Jay 1970; Soltis and Bohm 1982), and espe-
cially in the presence of an operculum (Nemirovich-
Danchenko 1994a). Grund and Jensen (1981) 
declined to place Penthorum in either Crassulaceae or 
Saxifragaceae, and according to Haskins and Hayden 
(1987) Penthorum is probably best classifi ed in the 
monogeneric Penthoraceae. A separate family 
Penthoraceae has been accepted by van Tieghem (1898), 
Rydberg (1905), Novak (1961, 1972), Airy Shaw (1973), 
Stern (1974) and Thorne (2006). The rbcL sequence 
data also suggest that Penthorum should not be accom-
modated in either Saxifragaceae or Crassulaceae 
although the genus is more closely related to Crassulaceae 
than to Saxifragaceae (Morgan and Soltis 1993).

4. CRASSULACEAE

J. Saint-Hilaire 1805 (including Cotyledonaceae 
Martynov 1820, Rhodiolaceae Martynov 1820, 
Sedaceae Martynov 1820, Sempervivaceae A.L. de 
Jussieu 1782, Tillaeaceae Martynov 1820). About 
41/1550–1600. Widely distributed, mainly in dry and 
warm regions, but centered in tropical and especially 
South Africa.

Classifi cation after J.Thiede and U.Eggli (2007).

4.1 SEMPERVIVOIDEAE (including Sedoideae and 
Echeverioideae)
Androecium usually obdiplostemonous. Flowers 
3-12(-32)-merous, mostly 5-merous. Petals free or 
basally connate, rarely corolla sympetalous. – thele-
phieae: Sinocrassula, Kungia, Meteros tachys, 
Orostachys, Hylotelephium Hylotelephium; umbi-
liceae: Umbilicus (including Chiasto-phyllum), 
Pseudosedum, Rhodiola, Phedimus; semperviveae: 
Sempervivum, Petrosedum; aeonieae: Aichryson, 
Monanthes, Perrierosedum, Aeonium (including 
Greenovia), sedeae: Pistorinia, Rosularia, Prometheum, 
Afrovivella, Sedella (including Parvisedum), Dudleya, 
Sedum (including Diamorpha, Cremnophyla, 
Mucizonia), Villadia, Lenophyllum, Graptopetalum 
(including, Tacitus), Thompsonella; echeverieae: 
Echeveria, Pachyphytum.

4.2 KALANCHOIDEAE (including Cotyledonoideae)
Androecium obdiplostemonous. Flowers 5-merous 
or 4-merous. Petals more or less forming tubes or 
 campanulate corolla. – Adromischus, Kalanchoe 
(including Bryophyllum), Cotyledon, Tylecodon.

4.3 CRASSULOIDEAE
Androecium haplostemonous. Petals free or basally 
connate, rarely forming tubular or campanulate corolla. – 
Crassula (including Tillaea, Rochea, Dinacria, Pagella), 
Hypagophytum.

Close to the Penthoraceae, differing mainly in 
 succulent leaves, anisocytic stomata, vessels with 
 simple perforations, and the presence of small nec-
tariferous appendages near the base of each carpel.

5. HALORAGACEAE

R. Brown 1814 (including Cercodiaceae A.-L. de 
Jussieu 1817, Myriophyllaceae Schultz-Schultzenstein 
1832). 8/145. Mainly in the Southern Hemisphere, par-
ticularly in Australia; Myriophyllum is cosmopolitan 
and Proserpinaca is confi ned to the Northern 
Hemisphere; Laurembergia is endemic to South Africa.

Haloragis, Haloragodendron, Glischrocaryon, 
Meziella, Gonocarpus, Laurembergia, Proserpinaca, 
Myriophyllum.

The Haloragaceae have often been considered to be 
allied to the Myrtales, particularly to the Onagraceae. 
However, they differ from the Myrtales in lacking 
internal phloem and vestured pits, in having free 
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stylodia covered by large papillae and cellular 
endosperm in some of their members, and seeds with 
well- developed endosperm. They have more features 
in common with the Saxifragales, particularly free 
 stylodia, cellular endosperm of some members (always 
nuclear in Myrtales), and seeds with copious endosperm 
(absent or very scanty in Myrtales). A rather close 
relationship between Haloragaceae and Saxifragales, 
particularly between Myriophyllum and Penthorum. In 
Thorn’s system (2006) the Haloragaceae are including 
in the Saxifragales.

6. GUNNERACEAE

Meisner 1842. 1/40–60. Southeastern tropical and 
South Africa, Madagascar, Malesia, New Guinea, 
Tasmania, New Zealand, Hawaii, America from 
Mexico to Tierra del Fuego.

Gunnera.
Gunnera is often included in the Haloragaceae 

(Bentham and Hooker 1865; de Candolle 1868; Engler 
et Prantl 1893; Schindler 1905; Hutchinson 1973; 
Cronquist 1981; Haywood 1993), but from that family 
it differs in sieve-element plastids, infl orescence, 
 pollen morphology, in some embryological features, 
including Peperomia-type female gametophyte, and 
especially the absence of suspensor hausrotium. They 
also related to the Saxifragaceae (Huber 1963; 
Hegnauer 1969; Dahlgren 1975, 1980, 1983; Takhtajan 
1980, 1987, 1997; Behnke 1986; Doyle and Scogin 
1988). According to Fuller and Hickey (2005) 
Gunneraceae are closely affi nity to the Saxifragaceae, 
especially to the genus Chrysosplenium. However, 
they differ from the Saxifragaceae in unicellular hairs, 
2-merous fl owers, pollen morphology, female gameto-
phyte, drupaceous fruits, and cordate embryo.

Crane and Hoot (1994) and also D. Soltis et al. 
(1999, 2003) placed this family as the sister group to 
Myrothamnaceae. But this conclusion strongly con-
tradict morphological differences between this 
families.

7. SAXIFRAGACEAE

A.L. de Jussieu 1789 (including Chrysospleniaceae 
Berchtold et J. Presl 1820, Pectiantiaceae Rafi nesque 
1837) 33/525–550. Mainly in northern temper-

ate regions with a few species in southern temperate 
regions and in tropical mountains.

Cascadia, Saxifragodes, Micranthes, Peltoboykinia, 
Chrysosplenium, Darmera, Astilboides, Rodgersia, 
Mukdenia, Oresitrophe, Bergenia, Tellima, Litho-
phragma, Bensoniella, Heuchera, Conimitella, Elmera, 
Tolmiea, Mitella, Tiarella, Telesonix, Jepsonia, Bolandra, 
Sullivantia, Suksdorfi a, Hieronymusia, Boykinia, Astilbe, 
Saxifragopsis, Leptarrhena, Tanakaea, Saxifraga (includ-
ing, Saxifragella), Saniculiphyllum.

Close to the Crassulaceae, but somewhat more 
advanced. The genus Chrysosplenium (5 species) is 
rather isolated within the family by its peculiar infl o-
rescence, 4-merous, apetalous fl owers (Bensel and 
Palser 1975), micromorphology of seeds (Kaplan and 
Strohschneider 1984), and also by its chemical makeup 
(Bohm et al. 1977; Bohm and Collins 1979).

8. GROSSULARIACEAE

A. P. de Candolle 1805 (including Ribesiaceae Marquis 
1820). 1/150. Temperate regions of Eurasia, northeast-
ern Africa, North and Central America, Pacifi c South 
America south to Tierra del Fuego.

Ribes (including Grossularia).
Flower morphology of Ribes is very close to that of 

Saxifragaceae (Gelius 1967), and in fl oral structure are 
strikingly similar to Tiarella (Bensel and Palser 1975). 
Xylem anatomy and embryological characters (Huber 
1963) and seed structure (Corner 1976) of Ribes is also 
similar to that of Saxifragaceae as well as to that of 
Crassulaceae. The affi nity of the Grossulariaceae to 
the Saxifragaceae is also supported by chemical (Jay 
1970), serological (Grund and Jensen 1981), and rbcL 
sequence data (Morgan and Soltis 1993).

9. PTEROSTEMONACEAE

Small 1905. 1/3. High mountains of Mexico.
Pterostemon.
Pterostemonaceae are usually associated with 

Escalloniaceae, Hydrangeaceae, and related families, 
but ovules in Pterostemon are bitegmic and crassinu-
cellate. Evidence from rbcL sequence suggests that 
there is close alliance between Pterostemon and Itea. 
However, Pterostemon differs markedly from Itea in 
imbricate petals, ten stamens, 3-colporate pollen grains, 
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5-locular inferior ovary and a number of other features. 
Most probably the Pterostemonaceae belong to the 
Saxifragales but occupy a rather isolated position.

10. ITEACEAE

J. Agardh 1858. 1/27. East, Central, and South Africa, 
Himalayas, Assam, eastern Asia and Southeast Asia, 
West Malesia, and one species in Atlantic North 
America from New Jersey to Florida.

Itea (including Choristylis).
According to Bensel and Palser (1975: 675), the fl ow-

ers of Itea appear very “saxifragaceous” in  external mor-
phology, and their fl oral vascular patterns are very similar 
to those typical of the Saxifragoideae. The rbcL sequence 
data also suggest a close relationship between Itea and 
Saxifragaceae s. str. and especially between Itea and 
Pterostemon (Morgan 1993). On the other hand, chemi-
cal data suggest that Itea differs from Saxifragaceae s. 
str. and more closely resembles other taxa, particularly 
Brexia. Plouvier (1965) reported the presence of allitol in 
Itea and suggested that this may indicate a relationship 
with Brexia, which accumulates dulcitol, an isomer of 
allitol. Both allitol and dulcitol are not reported in 
Saxifragaceae and related families. Also, Itea accumu-
lates only fl avones but no fl avonols that are characteristic 
of the Saxifragales (Bohm et al. 1988). Thus, the Iteaceae 
is a rather distinct family that needs further study.
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Order 82. PODOSTEMALES

Aquatic, annual or perennial herbs living in rushing 
water and growing only on rocks and stones in rivers 
or cataracts, mostly submerged or with some of the 
parts fl oating. Plants with more or less confl uent stems 
and leaves, usually more or less thalloid and often 
resembling bryophytes, lichens, algae, or unlike any 
other plants in appearance. Primary root absent. The 
thalloid body usually attached to the substrate by 
numerous hairs or by specialized rootlike branches 
(haptera). Shoots nearly always arising as endogenous 
buds from roots; stems reduced or elongate, simple or 
branched, sometimes dimorphic, occasionally only 
present when fl owering. Xylem very much reduced, 



312 Subclass VI. ROSIDAE

usually represented only by a few tracheids with  spiral 
or annular thickenings or completely wanting. Sieve 
plates recorded only in a few genera. Sieve-element 
plastids of S-type and large. Leaves, when discernible, 
alternate, entire or more or less dissected, without axil-
lary buds; stipules present or absent. Flowers very 
small, solitary, or in cymose infl orescences, bisexual, 
actinomorphic or zygomorphic, apetalous, anemophil-
ous, entomophilous, or cleistogamous, subtended or 
enclosed by two bracteoles (spathe-like and enclosing 
up to 20 fl owers in Podostomoideae). Perianth of 2 or 
3(-5) free or more or less connate petaloid sepals or 
small, annular scale or completely wanting; tepals (in 
Podostemoideae) 2–20, small, or large and 4–6, imbri-
cate. Stamens 1–40 in one to many cycles or in more 
reduced fl owers there is only a solitary stamen; fi la-
ments free or more often basally connate; anthers 
2-locular, extrorse, opening longitudinally. Tapetum 
secretory. Microsporogenesis simultaneous or 
(Podostemum) successive. Pollen grains 2-celled, in 
monads or (Podostemoideae) in dyads or rarely in tet-
rads, from 3-colpate and 3-colporate to pantoporate, 
sometimes inaperturate. Gynoecium of (1)2(3) united 
carpels with as many locules and free or less often 
more or less basally connate stylodia. Ovary superior, 
with numerous or rarely (Farmeria) 2–4 ovules on 
thickened axile placentas. Ovules anatropous, biteg-
mic, tenuinucellate. As a result of the disintegration of 
the cells of the nucellus lying immediately below the 
female gametophyte, the so-called nucellar plasmo-
dium or “pseudoembryo” develops, which serves as 
nutrition for the developing embryo. Female gameto-
phyte monosporitc or bisporic, 4-celled or sometimes 
5- or 6-celled; it contains an egg, one or two synergids, 
and one or two chalazal cells; polar nuclei absent, and 
therefore there is no triple fusion. Fruits septicidal cap-
sules (except Farmeria metzgerioides, it has indehis-
cent fruit), with usually numerous seeds. Seeds minute, 
exotesta thick-walled, usually mucilaginous, endoteg-
men lignifi ed; endosperm wanting; embryo straight, 
large, with two massive cotyledons and large suspen-
sor; the large basal cell of the suspensor gives rise to a 
prominent and usually branched haustorium, which 
draws nourishment from the external tissues. Present 
xanthones, mangostin (in Podostemum ceratophyl-
lum); n = 8, 10, 12, 14, 15, 17, 20.

In spite of its high specialization and very far- 
reaching reduction processes, the order Podostemales 
reveals clearly expressed links with the Saxifragales 

(Warming 1891 and many others), particularly with 
the Crassulaceae (Magnus 1913; Mauritzon 1933–
1939; Maheshwari 1945; van Royen 1951; 
Subramanyam 1962; Kapil 1970, Les et al. 1997, Ueda 
et al. 1997). The presence in both of these families of 
such a unique structure as well-developed suspensor-
haustorium is one of many common features in favor 
of their affi nity.

1. PODOSTEMACEAE

Kunth 1816 (including Marathraceae Dumortier 
1829, Philocrenaceae Bongard 1834, Tristichaceae 
J. C. Willis 1915). 49/280–300. Pantropical, especially 
in Asia and America, extending into temperate eastern 
North America and temperate East Asia.

1.1 WEDDELLINOIDEAE
Young fl owers not enclosed in spathella or cupule. 
Stomata anomocytic. Sepals (4)5, imbricate; anthers 
5–25; pollen grains in monads, 3-colporate. Capsula 
not ribbed, opening by two equal valves. Tegmen thick 
walled. – Weddellina.

1.2 TRISTICHOIDEAE
Young fl owers subtended or enclosed by two  bracteoles, 
which are not spathelike. Infl orescences terminal. 
Sepals three, imbricate; anthers (1-)3; pollen grains in 
monads, pantoporate. Gynoecium of three carpals; 
stigmas three. Capsule strongly ribbed, opening by 
three equal valves. – Tristicha (including Malacco-
tristicha), Indotristicha, Dalzellia.

1.3 PODOSTEMOIDEAE
Young fl owers enclosed in spathelike bracteoles (spa-
tella). Infl orescences axillary to leaves or bracts. Sepals 
2–20, reduced to small scales or wanting. Anthers 
2–40, often free. Pollen grains in monads or dyads, 
rarely (Diamantina) in tetrads. Gynoecium of 3–7 car-
pals. Capsule ribbed, opening by two equal or unequal 
valves, or rarely indehiscent. – podostemeae: Apinagia, 
Castelnavia, Ceratolacis, Cipoia, Crenias, Devillea, 
Marathrum, Rhyncholacis, Jenmaniella, Lophogyne, 
Hydrobryum, Leiothylax, Diamantina, Cladopus, 
Zeylanidium (including Hydrobryopsis), Podostemum, 
Farmeria, Macarenia, Oserya, Vanroyenella, Wetts-
teiniola, Angolaea, Dicraeanthus, Endocaulos, Butumia, 
Djinga, Ledermanniella, Letestuella, Macropodiella, 
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Paleodicraeia, Sphaerothylax, Saxicolla, Saxicolella, 
Zehnderia, Stonesia, Winklerella, Thelethylax, Diplo-
bryum, Griffi thella, Hanseniella, Polypleurum, Thawat-
chaia, Willisia; mourereae: Mourera, Tulasneantha, 
Lonchostephus.
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Order 83. VITALES

Small trees, erect shrubs, and herbs or more often woody 
lianas. Roots sometimes adventitious. Cambium storied. 
Vessel elements usually rather large, with simple perfo-
rations; lateral pitting scalariform or sometimes opposite 
to alternate. Fibers with simple or sometimes bordered 
pits, septate. Rays heterogeneous. Axial parenchyma 
mainly paratracheal. Sieve-element plastids of Pcs-type 
that contain several polygonal  protein  crystalloids and 
similar to the plastids of Gunnera (Behnke 1981). Nodes 
3–7-lacunar. Leaves alternate or very rarely opposite, 
simple or compound, of diverse shapes and structures, 
stipulate or estipulate, often  bearing specialized, multi-
cellular, stalked,  deciduous “pearl glands” and some-
times also peltate scales. Stomata of diverse kinds. 
Infl orescences leaf-opposed or terminal, rarely axillary, 
cymose or racemose, sometimes with 1–2 tendril-like 
branches; bract and bracteoles small, sometimes nectar 
secreting, the bract subtending each branch. Flowers 
rather small, bisexual or (some members of haploste-
monous Vitaceae) polygamo-monoecious or dioecious, 
actinomorphic, (3)4–5(6–7)-merous. Calyx mostly 
weakly developed, lobed, dentate or truncate, often 
much reduced. Petals 4–5 (rarely 3 or 6–7), valvate, free 
or basally connate or sometimes coherent distally and 
calyptra-like (Vitis), rarely persistent. Stamens 5–4 
(3–7), opposite the petals; fi laments free, or connate into 
a tube. Anthers dorsifi xed, tetrasporangiate or rarely dis-
porangiate, introrse, opening  longitudinally. Tapetum 

secretory. Microsporogenesis simultaneous. Pollen 
grains 2-celled or 3-celled, 3- colporate, with reticulate 
ornamentation. Nectary disc usually well developed, 
annular or cupular or sometimes of fi ve free glands, usu-
ally more or less adnate to the ovary. Gynoecium of 
2-6(-8) united carpels; stylodia connate into a style with 
capitate, seldom (Tetrastigma) quadrifi d, rarely sessile 
stigma; ovary superior, but  sometimes partly sunken in 
the nectary disc, completely or incompletely divided 
into locules, with one or two ovules per locule. Ovules 
erect, axile or basal,  anatropous,  apotropous, with ven-
tral raphe, bitegmic, crassinucellate. Female gameto-
phyte of Polygonum-type. Endosperm nuclear. Haustoria 
of the female gametophyte present or absent. Fruits 
 berries ( sometimes rather dry). Seeds endotestal (with 
 lignifi ed, several-layered endotesta and persistent thin 
 tracheidal  tegmen); embryo small to minute, straight, 
surrounded by copious, horny, generally ruminate, oily 
endosperm with two main folds, one from each side of 
the raphe. Alkaloids present (rarely), or absent, ellagic 
acid  present (Vitis vinifera), or absent (Parthenocissus, 
Rhoicissus), present myricetin.

Two rather closely related families Vitaceae and 
Leeaceae are usually included in the order Rhamnales. 
However, from the Rhamnales they differ in the pres-
ence of raphide sacs in the parenchymatous tissues, 
berrylike fruits, seed anatomy (Corner 1976) and P-type 
sieve-element plastids (Behnke 1974). According to 
Corner (1976: 36), seed structure of Vitaceae “is 
scarcely improved on that of Magnolia and may, even, 
be more primitive. Certainly there is no affi nity in this 
regard with Rhamnales.” However, any direct links 
between Magnoliales or Magnoliidae in general and 
Vitales is very doubtful. Endlicher (1841) placed his 
Ampelideae between Araliaceae and Corneae. Lindley 
(1853: 439) placed Vitaceae s.l. between Berberidaceae 
and Pittosporaceae, but indicated the connection, 
although no direct, with the Araliaceae. He stated: “If 
the Vine is compared with Aralia racemosa, the rela-
tionship of the present Order to it will be too obvious to 
be mistaken. Suppose that Aralia racemosa had an 
adherent calyx, erect ovules, with stamens opposite the 
petals, and it would be a Vitis”.

Order Vitales probably derived from some Rosanae 
ancestor.

Key to Families
1 Woody lianas usually with leaf-opposite tendrils, 

rarely succulent small trees or erect herbs, branches 
often swollen or articulated at nodes. Tendrils 
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simple, bifi d, or 2–3-, or 4–12-branched, usually 
leaf- opposite. Leaves evergreen, or deciduous, 
gland-dotted, simple, lobed or unlobed, or com-
pound; when  compound  ternate, or pinnate, or pal-
mate. Stipules if present  petiolar and usually 
caduceus, rarely absent. Infl orescences leaf-opposed 
or terminal, infrequently axillary,  panicles, corymbs, 
or rarely spikes. Flowers small, pedicellate, with 
prophyls, actinomorphic, 4–5(-7)-merous. Calyx 
small, often indistinctly lobed or dentate or much 
reduced and truncate. Petals free or basally connate, 
valvate, sometimes coherent distally and calyptrate. 
Stamens free, equal in number to and opposite the 
 petals; anthers tetrasporaginate or  disporaginate. 
Nectary disc intrastaminal, ring-shaped, copular, or 
gland-shaped. Ovary 2(-6)-locular, the ovules two 
per locule, anatropous or apotropous. Style long or 
short, stigma inconspicuous or capitate or 4-lobed. 
Female gametophyte with a haustorium. Endostome 
forming the micropyle. Fruits 1–4-seeded berries. 
Seeds  endotestal with abaxial chalazal knot and an 
adaxial raphe; embryo small, straight; endosperm 
oily and proteinaceous, copious, ruminate. Present 
proanthocyanins, and catechin,  prodelphinisin, gal-
lic, ellagic, coffeic, chlorogenic and tartaric acids; n 
= 11–16, 19–20.  . . . . . . . . . . . . . . . . .1. vitaceae.

1 Small trees or erect, creeping or scrambling shrubs 
without tendrils, or herbaceous plants with a woody 
base; stema unarmed or with rows of prickles. 
Leaves distichous, uni-trifoliolate, or 1– 4-pinnate. 
Stipules attached to base of petiole and sheath-
ing, often early caducous. Stomata cyclocytic, acti-
nocytic, or rarely anomocytic. The mesophyll 
contains  mucilage cells sometimes with raphides 
and usually with  calcium oxalate crystals. 
Infl orescences leaf-opposed cyme, lax or condensed 
by reduction of branches or peduncle. Calyx cam-
panulate or cupuliform. Petals distally cohering in 
bud by ventrally apical keels, refl exed at anthesis, 
the basal portions connate to one another and adnate 
to androecium forming a shortly tubular  structure 
free from calyx. Stamens connate distally (above 
the common stricture with the corolla) for some 
distance into a tube that may bear lobes alternate 
with the anthers. Nectary disc absent. Pollen grains 
3-celled or rarely 2-celled, 3-colporate. Ovary 
4-6(-10)-locular (sometimes incompletely), with 
one ovule per locule. Style short, entire, the stigma 
slightly thickened. Female gametophyte without a 

haustorium. Exostome forming the micropyle. 
Large numbers of raphids are commonly in the tis-
sues of corolla, anthers, staminodial tube. Fruits 
4–6-seeded berries. Seeds with  ruminate endosperm; 
seed coat has a thick lignifi ed endotesta and incon-
spicuous tegmen; raphides in seed coat absent; 
n = 10–12. . . . . . . . . . . . . . . . . . . . . . 2. leeaceae.

1. VITACEAE

A. L. de Jussieu 1789 (including Ampelopsidaceae 
Kosteletzky 1835, Cissaceae Horaninow 1847, 
Pterisanthaceae J. G. Agardh 1858). 15/750. Tropical 
and subtropical regions, with relatively few species in 
warm-temperate regions (mostly species of Vitis, 
Ampelopsis, and Parthenocissus).

Cissus, Nothocissus, Cyphostemma, Acareosperma, 
Cayratia, Vitis, Ampeloclssus, Parthenocissus, Yua, 
Ampelopsis, Pterisanthes, Clematicissus, Tetrastigma, 
Rhoicissus, Pterocissus.

2. LEEACEAE

Dumortier 1829. 1/34. Paleotropics, mainly southern 
and southeastern Asia.

Leea.
Very close to Vitaceae and sometimes (e.g., Thorne 

1992, 2000, 2006) are considered a subfamily 
Leeoideae. From Vitaceae they differ in the erect habit, 
absence of tendrils, absence of nectary disc, the 
 presence of secondary septa in the ovary and absence 
of raphides in seed coat.
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Order 84. ROSALES

Evergreen or deciduous trees and shrubs or often herbs 
(usually perennial). Vessels mostly with simple 
 perforations. Axial parenchyma scanty to abundant, dif-
ferently patterned but mainly diffuse and scanty paratra-
cheal. Sieve-element plastids of S-type. Nodes usually 
trilacunar, or unilacunar, or pentalacunar to multilacu-
nar. Leaves alternate or rarely opposite, mostly serrate or 
less often entire, simple or variously compound, persis-
tent or caducous, mostly with stipules that are sometimes 
adnate to the petiole; leaf  mesophyll cells contain oil 
bodies. Stomata anomocytic. Flowers in various kinds of 
infl orescences (mostly cymose), less often solitary, 
bisexual or less often  unisexual, actinomorphic or more 
or less  zygomorphic, 5-merous, cyclic, mostly with dou-
ble perianth. Hypanthium  usually  well-developed (not 
evident in some male fl owers). Sepals, petals and sta-
mens inserted on its rim; disk sometimes distinct, 
intrastaminal. Sepals and petals free, usually imbricate. 
Stamens few to numerous; fi laments free; anthers 
2- locular,  tetrasporangiate, usually introrse, dorsifi xed, 
versatile, opening longitudinally or rarely by apical 
pores. Pollen grains 2-celled,  3-colporate or rarely 
3- porate, pantoporate, or 3- zonocolporate. Tapetum 
secretory. Microsporogenesis simultaneous. Gynoecium 
of 1 to many (up to 50), free or more or less united car-
pels, with free stylodia and usually small capitate 
stigma; ovary superior to inferior, with one to many, but 
mostly 1–2 ovules per carpel or per locule. Ovules pen-
dulous to subbasal, anatropous or less often hemitrop-
ous or campylotropous, bitegmic or less often unitegmic, 
crassinucellate. Female gametophyte of Polygonum-

type. Endosperm nuclear, rarely helobial (Lyonothamnus). 
Fruits various, fl eshy or dry, dehiscent or not. Seeds 
small to fairly large, wingless or rarely winged; embryo 
small to large, straight or bent, linear or folded, some-
times the radicle invested; cotyledons moderately to 
 markedly thick, rarely convolute; endosperm mostly 
present, varying between 1–20 cells thick in different 
genera, sometimes abundant (as in Physocarpus and 
Rhodotypos); perisperm often present. Present triter-
penes, ellagic acid, cyanogenic glycosides, fl avones.

Linked to the Saxifragales through the most archaic 
members of Rosaceae-Spiraeoideae.

Key to Families
1 Sepals imbricate. Evergreen or deciduous trees and 

shrubs or often herbs (usually perennial). Lateral 
 pitting alternate or less often opposite. Parenchyma 
scanty to abundant, differently patterned but mainly 
diffuse and scanty paratracheal. Lysigenous muci-
lage ducts in the pith wanting. Nodes usually trilacu-
nar, or unilacunar, or pentalacunar to multilacunar. 
Leaves alternate or rarely opposite, mostly serrate or 
less often entire, simple or variously compound, 
persistent or caducous, mostly with stipules that are 
sometimes adnate to the petiole. Flowers in various 
kinds of infl orescences (mostly cymose), less often 
solitary, bisexual or less often unisexual, actinomor-
phic or more or less zygomorphic. Sepals (3-)5(-10), 
free or adnate to the ovary, imbricate, sometimes 
with an epicalyx of bracteoles. Petals inserted below 
the margin of the disk, as many as the calyx-lobes, 
free, equal or rarely unequal, imbricate, deciduous, 
rarely absent. Stamens two, three, or four times as 
many as petals, sometimes more numerous (up to 
400) or rarely only fi ve or even (Aphanes) only one, 
bent inward in bud; fi laments free or more or less 
connate with the fl oral tube or between themselves; 
anthers usually introrse or rarely (Potentilla) latrorse, 
dorsifi xed, versatile, opening  longitudinally or rarely 
by apical pores. Pollen grains 2-celled, 3-colporate 
or rarely 3-porate or (Sanguisorba) pantoporate. 
Gynoecium of one to many (up to 50), free or more 
or less united carpels, with free stylodia and usually 
small capitate stigma; ovary with one to many, but 
mostly 1–2 ovules per locule. Ovules pendulous to 
subbasal, anatropous or less often hemitropous or 
campylotropous, bitegmic or less often unitegmic, 
crassinucellate. Fruits multifollicles, achenes, or 
pomes, or drupes, rarely capsules (Lindleyieae). 
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Seeds small to fairly large, wingless or rarely (e.g. 
Exochorda) winged; exotestal cells periclinally 
elongated, radial walls thickened, or palisade or 
tubular; outer wall often becoming mucilaginous, 
endotegmic cells slightly thickened, or seed coat 
undistinguished; embryo small to large, straight or 
bent, linear or folded, sometimes the radicle invested; 
cotyledons moderately to  markedly thick, rarely 
convolute; endosperm mostly present, varying 
between 1–20 cells thick in different genera, some-
times abundant (as in Physocarpus and Rhodotypos); 
perisperm often present. Present triterpenes, ellagic 
acid, cyanogenic glycosides, fl avones, n = 7–10, 
15–17, 27. . . . . . . . . . . . . . . . . . . . . . . 1. rosaceae.

1 Sepals valvate. Evergreen, small glabrous trees (up 
to 10 m tall and 1 m in diameter) or shrubs, some-
times with saponaceous bark. Vessels with simple 
 perforations. Axial parenchyma abundant, apotra-
cheally diffuse, diffuse-in-aggregates and scanty 
paratracheal Rays heterogenous (Zhang 1992). 
Extremely numerous styloids present in the phloem 
of stems, petioles and in the leaf lamina (Lersten 
and Horner 2005). Nodes unilacunar with 3 traces. 
Leaves alternate, simple, leathery, almost entire or 
serrate, shortly petioled, margins toothed; stipules 
small, caduceus, petiolar. Infl orescences axillary or 
terminal, 3–5- fl owered, pedicels 2-bracteolate. 
Flowers polygamo- dioecious (terminal fl owers 
bisexual, lateral ones staminate), 5-merous, rather 
large, tomentose. Calyx-tube persistent, leathery, 
small, subcupular, lobes broadly ovate. Petals 
white, sessile, spathulate. Disk thick, fl eshy,  lining 
the calyx-tube, lobes 5, thick, depressed, 
 emarginated, adnate to the calyx-lobes. Stamens 
ten, fi ve opposite the petals and inserted at the base 
of the disk, fi ve alternate and inserted at apex of the 
disk-lobes; fi laments subulate, free; anthers 
2- locular, introrse. Pollen grains tri-zonocolporate 
(Claxton et al. 2005). Gynoecium of fi ve carpels, 
tomentose, partly connate; styles terminal, free, 
stigmatic zone elongated along styles; ovules 
numerous, pleurotropous, fl attened, subhorizontal, 
densely 2- seriate. Fruits multifollicles, strongly 
asymmetrically lobed, spreading stellately, open-
ing down both surfaces of the lobes. Seeds exot-
estal, long- and broadly winged in the upper part, 
outer testa layers thickened; endosperm thin; 
 cotyledons convolute. Present fl avone C-glycosides; 
n = 14.  . . . . . . . . . . . . . . . . . . . . 2. quillajaceae.

1. ROSACEAE

A. L. de Jussieu 1789 (including Agrimoniaceae 
Gray 1822, Alchemillaceae Martynov 1820, 
Amygdalaceae Marquis 1820, Cercocarpaceae 
J. G. Agardh 1858, Chamaemoraceae Lilja 1870, 
Coleogynaceae J. Agardh 1858, Cydoniaceae 
Schnizlein 1856, Dryadaceae Gray 1822, Fragariaceae 
Richard ex Nestler 1816, Guamatelaceae S. Oh et 
D. Potter 2006, Lindleyaceae J. Agardh 1858, 
Malaceae J. K. Small ex Britton 1903, Mespilaceae 
Schultz-Schultz enstein 1832, Neilliaceae Miquel 
1855, Potentillaceae Berchtold et J. Presl 1820, 
Poteriaceae Rafi nesque 1815, Prunaceae Martynov 
1820, Pyraceae Vest 1818, Rhodotypaceae J.Agardh 
1858, Sanguis orbaceae Berchtold et J. Presl 1820, 
Sorbaceae Brenner 1886, Spiraeaceae Bertuch 1801, 
Tormentillaceae Martynov 1820, Ulmariaceae Gray 
1822). 111/3000–3500. Subcosmopolitan, but espe-
cially in subtropical and temperate regions of the 
Northern Hemisphere.

1.1 SPIRAEOIDEAE
Carpels 2–5 (up to 12), rarely (Stephanandra, 
Adenostoma, and spp. of Neillia) only one, free or 
nearly so, less often more or less connate. Ovules 1–2 
to several (about 8 in Chamaebatiaria and 11 in 
Neillia) per carpel, pendulous or less often ascend-
ing, anatropous, hemitropous, or campylotropous, 
mostly epitropous, bitegmic or unitegmic. Fruits mul-
tifollicles or (Holodiscus and Adenostoma) achenes. 
Seeds mostly with scanty endosperm, rarely 
(Physocarpus) endosperm copious. Leaves alternate, 
mostly simple, stipulate or estipulate. Shrubs, sub-
shrubs or rarely herbs, n = 9. – neillieae: 
Physocarpus, Neillia, Stephanandra; spiraeeae: 
Spiraea, Pentactina, Sibiraea, Petrophytum, Kelseya, 
Luetkea, Aruncus, Pleiosepalum; gillenieae: 
Gillenia, Spiraeanthus; holodisceae: Holodiscus, 
Xerospiraea; sorbarieae: Sorbaria, Chamaebatiaria; 
adenostomateae: Adenostoma.

1.2 LYONOTHAMNOIDEAE
Carpels two, free, glandular, with four ovules in each 
carpel. Leaves opposite, entire or deeply divided, pinnate 
and fernlike, with small, caducous stipules. Fruits 
woody. Seeds apiculate. Trees or shrubs with deciduous 
bark. n = 27. – Lyonothamnus.
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1.3 FILIPENDULOIDEAE
Carpels 5–15, free, sessile, or stipitate. Ovules two per 
carpel, pendulous, campylotropous, epitropous, uniteg-
mic. Fruitlets 1-seeded achenes. Seeds with very scanty 
endosperm. Leaves alternate, the basal ones imparipin-
nately compound, cauline leaves similar, but becoming 
smaller and less compound toward the stem apices; 
stipules of the basal leaves adnate to the  petioles, those 
of the cauline leaves free, large,  asymmetrically 
 reniform, clasping. Tall, rhizomatous perennial herbs, 
n = 7, 8. – Filipendula.

1.4 KERRIOIDEAE
Carpels 2–8, mostly 4–5. Ovules two (Rhodotypeae) 
or one (Kerrieae), pendulous or (Kerria) laterally 
attached to the middle of the suture, anatropous, 
 epitropous, unitegmic. Fruits achenes (in Neviusia 
achenes are drupaceous). Seeds with copious 
(Rhodotypos) or scanty endosperm. Leaves alternate 
or (Rhodotypos) opposite, simple, stipulate. Deciduous 
shrubs, n = 9. – rhodotypeae: Rhodotypos;  kerrieae: 
Kerria, Neviusia.

1.5 COLEOGYNOIDEAE
Carpel solitary, sessile in the base of a leathery  fl oral 
tube; style lateral, longhaired especially below, twisted, 
persistent. Ovule one. Flowers apetalous. Fruits coria-
ceous, glabrous, more or less  crescent-
shaped achenes. Seeds with large embryo and rather 
scanty endosperm. Leaves opposite, small, entire, with 
small persistent stipules; hairs medifi xed. Much 
branched spinescent shrubs. – Coleogyne.

1.6 RUBOIDEAE
Carpels mostly numerous, free, inserted on a nearly fl at 
to cylindrical receptacle. Ovules two per carpel, 
 collateral or superposed, pendulous,  anatropous, epitro-
pous, unitegmic. Fruitlets 1-seeded drupelets crowned 
on the dry or spongy, often  elongated receptacle. Seeds 
with small embryo and rather abundant endosperm. 
Leaves alternate, simple, lobed, 3–5- foliolate or impar-
ipinnate, with stipules adnate to the petiole. Mostly 
erect to trailing shrubs or scramblers, rarely herba-
ceous, n = 7. – Rubus (including Dalibarda ?).

1.7 ROSOIDEAE
Carpels numerous, free, borne on the inner surface of 
an invaginated receptacle near the bottom of the  hollow 
center. Ovules one per carpel, pendulous, anatropous, 

unitegmic. Fruits numerous achenes enclosed by the 
enlarged, fl eshy receptacle. Seeds with large embryo 
and scanty endosperm. Leaves alternate, imparipinnate 
or trifoliolate, rarely 1-foliolate or reduced to connate, 
leafl ike stipules; stipules adnate to the petioles and 
forming wings. Erect, trailing, or  scandent shrubs, 
mostly armed with prickles, n = 7. – Rosa, Hulthemia.

1.8 POTENTILLOIDEAE
Carpels numerous, free, borne on convex, conical, or ellip-
soid receptacle. Ovule one per carpel,  anatropous, biteg-
mic (Dryas and possibly some  others) or more often 
unitegmic. Fruits achenes. Seeds with endosperm 7–8 
cells thick (Dryas) or more often endosperm 1-cell thick. 
Leaves alternate or (Potaninia) opposite, simple or com-
pound, stipulate. Shrubs or more often perennial herbs, 
rarely small trees, n = 7, 8, 9. – dryadeae: Dryas, Fallugia; 
purshieae: Chamaebatia, Cowania, Purshia; geeae: 
Geum (including Acomastylis, Oreogeum, Parageum), 
Oreogeum, Orthurus, Taihangia, Novosieversia, Sieversia, 
Woronowia, Waldsteinia, Coluria; cercocarpeae: 
Cercocarpus; potentilleae: Potentilla (including 
Pentaphylloides), Tylosperma, Comarum, Chamaerhodos, 
Duchesnea, Fragaria, Horkelia, Horkelliella, Ivesia, 
Sibbaldia (including Sibbaldianthe); alchemilleae: 
Alchemilla, Aphanes; sanguisorbeae: Agrimonia, 
Aremonia, Spenceria, Hagenia, Leucosiaea, Sanguisorba, 
Poterium, Sarcopoterium, Margyricarpus, Tetraglochin, 
Acaena, Polylepis, Cliffortia, Bencomia; potaninieae: 
Potaninia.

1.9 DICHOTOMANTHOIDEAE
Carpel solitary at the base of the calyx tube, with 
tomentose lateral stylodium. Ovary superior. Ovules 
two, erect, subbasal, anatropous, bitegmic. Floral tube 
free, fl eshy, and enlarged in fruit. Fruits achenes, often 
1-seeded, with coriaceous pericarp surrounded by 
thick fl eshy fl oral tube. Seeds with endosperm 1 cell 
thick. Leaves alternate, simple, entire. Trees, n = 17. – 
Dichotomanthes.

1.10 PYROIDEAE (Maloideae)
Carpels 2–5, rarely one, more or less adnate to the fl o-
ral tube and partly to the invaginated receptacle. Ovules 
(1)2-many per carpel, anatropous, bitegmic or rarely 
(Raphiolepis, Chamaemeles) unitegmic. Fruits usually 
consist of more or less well-developed and usually 
fl eshy parenchymatous pericarp (with groups of 
brachysclereids in Cydonia and Pyrus) and carpellar 
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endocarps consisting of elongated scleroids. In Maleae 
the inner walls of the carpels become chartaceous or 
cartilaginous, rarely bony, and the carpels laterally 
connate; in Crategeae the inner walls of the carpels 
become hard and each carpel develops into a separate 
pyrene. Seeds with endosperm 2–15 cells thick (up to 
15 cells in Crataegus). Leaves alternate, mostly  simple, 
stipulate. Shrubs or trees, n = 17 or (Vauquelinia) 15. – 
kageneckieae: Kageneckia; lindleyieae: 
Vauquelinia, Lindleya; maleae: Photinia (including 
Stranvaesia), Heteromeles, Eriobotrya, Rhaphiolepis, 
Sorbus, Chamaemespilus, Aronia, Amelanchier, Pyrus, 
Malus, Eriolobus, Peraphyllum, Docynia, Cydonia, 
Pseudocydonia, Chaenomeles; crataegeae: Cotoneaster, 
Malacomeles, Chamaemeles, Pyracantha, Crataegus, 
Mespilus, Hesperomeles, Osteomeles.

1.11 AMYGDALOIDEAE
Carpel solitary or sometimes two (Maddenia) or two 
(Oemleria and Exochorda) carpels, free from the fl oral 
tube; stylodium terminal or (Prinsepieae) lateral or sub-
basal. Ovules two per carpel, pendulous, anatropous, 
more or less hemitropous, or (Prinsepieae) campylotro-
pous, bitegmic. Fruits mostly 1-seeded drupes, the meso-
carp fl eshy and indehiscent to dryish and dehiscent, the 
endocarp hard or (Prinsepieae)  coriaceous, indehiscent. 
Seeds with endosperm 1 to 15 cells thick. Leaves alter-
nate, simple, stipulate. Trees or shrubs, n = 8. – osma-
ronieae: Oemleria; exochordeae: Exochorda; 
amygdaleae: Maddenia, Pygeum, Laurocerasus, 
Padus, Cerasus, Padellus, Prunus, Armeniaca, Persica, 
Amygdalus; prinsepieae: Prinsepia.

Doubtfully Rosaceous genus: Guamatela.
The Spiraeoideae represent the least advanced 

 subfamily and are nearest to the ancestral stock.
It is widely accepted that all other subfamilies are 

offshoots from a basically spiraeoid-like stock. The 
nearest to the Spiraeoideae are Lyonothamnoideae and 
Quillajoideae. Both of them are taxonomically  isolated, 
especially the latter. Based on their study of the rbcL 
sequence, Morgan et al. (1994) even conclude that 
Quillaja is not a member of the family Rosaceae, 
which has been accepted by some recent authors, 
including Kalkman (2003). As regards Lyonothamnus, 
I agree with Morgan et al. (1994:899) that “it may be 
described most accurately as an isolated descendant of 
the ancestral spiraeoid complex.”

Filipenduloideae occupy a somewhat intermediate 
position between them and Rosoideae although, accord-

ing to Hegnauer (1973), because of the presence of 
ellagic acid and the absence of cyanogenetic substances, 
Filipendula is defi nitely rosoid, not spiraeoid. Nakai 
(1943), who established the subfamily Filipenduloideae, 
placed it after his Potentilloideae, Ruboideae, 
Sanguisorboideae, Cercocarpoideae, and Kerrioideae.

Kerrioideae and the closely related Coleogynoideae 
(Golubkova 1991) with their achenous fruits and basic 
chromosome number x = 9 are probably also derived 
from the spiraeoid complex.

The traditional subfamily Rosoideae has been 
divided by Nakai (1943) into a number of segregate 
subfamilies, some of which are fairly distinct. His 
Filipenduloideae, Kerrioideae, Ruboideae, Rosoideae 
s.str., and Potentilloideae I fi nd acceptable. However, 
I accept the Potentilloideae in a somewhat broadened 
sense and include in them – albeit with some hesita-
tion – also his Sanguisorboideae and Cercocarpoideae 
while excluding Coleogyne. The Potentilloideae are 
the most heterogeneous subfamily (even sensu Nakai), 
and there are some isolated genera, such as Cercocarpus, 
Purshia, and other genera with basic chromosome 
number x = 9.

Dichotomanthoideae are close to the Pyroideae but 
differ in fl ower morphology, in which, according to 
Rohrer et al. (1991), they resemble more the 
Amygdaloideae.

The Pyroideae have defi nite affi nities with the 
Spiraeoideae, especially with the Sorbarieae, and are 
closely linked to them via Vauquelinia, Kageneckia, 
and Lindleya. They have been derived from spiraeoid 
ancestors by autopolyploidy or allopolyploidy 
(Gladkova 1972; Cronquist 1981; Takhtajan 1987, 
1997; Morgan et al. 1994).

The Amygdaloideae have probably also originated 
directly from the spiraeoidlike ancestor. Exochorda 
belongs to the Amygdaloideae (Juel 1918; Goldblatt 
1976; Takhtajan 1987, 1997; Thorne 1992, 2000; 
Morgan et al. 1994) although it differs in having follicu-
lar fruits, winged seeds, and in its chemical makeup. 
However, according to Challice (1981), the presence of 
arbutin in Exochorda indicates that this genus should 
perhaps remain in the Spiraeoideae and not be trans-
ferred to the Amygdaloideae (where arbutin is absent).

2. QUILLAJACEAE

D. Don 1831. 1/2–3. Peru, Chile, southern Brazil.
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Quillaja.
Quillaja had typically been placed in Rosaceae, 

sometimes as a separate subfamily (Takhtajan 1987, 
1997), because of several shared features, including 
follicular fruits and winged seeds. However 
Quillajaceae differ from Rosaceae in valvate sepals, 
pollen grains (Claxton et al. 2005), the base chromo-
some number (n = 14), which is not found elsewhere in 
Rosaceae, and in the presence of saponins and 
 trihydroxy-substituted fl avonoids. In analyses based 
on rbcL sequence data, Quillaja appeared as sister to 
Polygalaceae, but these relationship was not strongly 
supported (Savolainen et al. 2000).
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Order 85. CROSSOSOMATALES

Xerophytic, glabrous, sometimes spinescent shrubs or 
small trees, sometimes with hyaline to black trichomes. 
Vessel elements small and short, with  simple perfora-
tions; lateral pitting alternate. Fibers short, with bor-
dered pits. Rays heterogeneous, mixed uniseriate and 
pluriseriate. Axial parenchyma scanty, mostly apotra-
cheal and diffuse. Sieve-element  plastids of S-type. 
Nodes unilacunar with one trace, or  trilacunar with 
three traces. Yellow acicular crystals common in all 
organs. Leaves deciduous, alternate or (Apacheria) 
opposite, small, simple, entire or some of them apically 
tridentate, with minute, subulate,  linear stipules or 
estipulate. Stomata anomocytic. Flowers solitary, axil-
lary or terminal, bisexual or some of them unisexual 
(plant polygamo- monoecious), actinomorphic, with 

double perianth. Sepals (3-)4-5(-6), imbricate, free, 
persistent. Petals (3-)4-5(-6), free, imbricate, deciduous 
or persistent, usually  longer than sepals, often short-
clawed. Stamens attached to a thickened nectary disc or 
seated around an annular nectary disc at its base, numer-
ous (up to 50–100) in three or four cycles associated 
with about ten trunk bundles (arising centrifugally or 
 centripetally), but in two cycles in Apacheria and some 
spp. of Glossopetalon, and more or less reduced to one 
cycle (antepetalous cycle lost) in rest of Glossopetalon. 
Anthers small, tetrasporangiate, slightly extrorse, 
 tetrasporangiate, basifi xed to slightly ventrifi xed, 
 versatile, opening longitudinally. Tapetum secretory. 
Pollen grains 2-celled, (2)3-colporate, reticulate. 
Nectary disc adnate to the fl oral tube. Gynoecium of 
1-5(-9) free carpels, each with a short, stout  stylodium 
and terminal, expanded stigma, or (Apocheria) the 
stigma decurrent on the stylodium; ovary  superior; 
ovules (1)2 to many per carpel, campylotropous, biteg-
mic, crassinucellate; micropyle zig-zag. Female game-
tophyte of Polygonum-type. Endosperm nuclear. Fruits 
asymmetric follicles,  ventrally dehiscent,  surface 
smooth or rugose. Seeds testal, provided with well-
developed, large, whitish or yellowish, and  fi mbriate or 
small and entire aril arising around the  funicle; embryo 
slender, slightly curved; endosperm scanty or copious, 
oily. Containing inulin, ellagic and gallic acids, and 
cyanidin-3- glucoside; Glossopetalon leaves contain 
acacetin and syringin; n = 6 (Crossosoma).

The affi nities of the Crossosomataceae are not very 
clear. They are most probably related to the archaic 
members of the Rosales and especially to the 
Saxifragales although in the presence of the aril they 
also resemble the Dilleniaceae.

1. CROSSOSOMATACEAE

Engler 1897. 4/8 or 9. Arid parts of western United 
States and adjacent Mexico.

Crossosoma, Glossopetalon (Forsellesia), Apacheria, 
Velascoa.
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Order 86. CHRYSOBALANALES

Trees or shrubs, rarely subshrubs, or woody lianas. 
Vessels with simple perforations, rarely (in some 
 species of Trigonia) with scalariform perforation, or 
mixed simple and scalariform perforations; lateral 
 pitting usually alternate; vestured pits present. Fibers 
with bordered pits. Rays mainly heterogeneous or 
rarely almost homogeneous. Axial parenchyma 
 apotracheal or paratrachel. Sieve-element plastids of 
S-, or Ss-type. Nodes uni-, or pentalacunar. Leaves 
alternate or opposite, simple, entire, pinnately veined, 
sometimes conduplicate, stipulate. Stomata paracytic. 
Flowers mostly rather small, in various kinds of cymose 
racemose or racemose, terminal or axillary infl ores-
cence or rarely solitary, bisexual or rarely polygamous 
or unisexual, actinomorphic or more or less zygomor-
phic. Sepals fi ve, mostly imbricate. Petals fi ve, free, 
usually imbricate, rarely absent. Stamens (2-)8-20 or 
numerous (up to 300), all fertile or some of them sta-
minodial; fi laments free or basally connate; anthers 

small or thickened, tetrasporangiate, introrse, basifi xed 
or dorsifi xed, opening longitudinally. Nectaries present 
or rarely wanting. Tapetum secretory. Microsporogenesis 
simultaneous. Pollen grains 2-celled, 3(4)-colpate or 
-colporate. Gynoecium of 2–3 carpels; ovary superior 
to quite inferior,  2–3-locular; ovules usually 1–2, rarely 
numerous in each fertile locule, anatropous, bitegmic, 
mostly tenuinucellate, sometimes with endothelium 
and micropyle zig-zag. Female gametophyte mono-
sporic, bisporic, or  tetrasporic. Endosperm nuclear. 
Fruits drupes or  septicidal capsules. Seeds exotestal, 
testal-tegmic, or endotegmic; embryo straight, with or 
without endosperm.

Related to the Rosaceae and were by many authors 
included in the Rosales, but they differ from them 
markedly in tenuinucellate ovules, morphology of the 
gynoecium, 4-celled female gametophyte.

Key to Families
1 Fruits septicidal capsules.

2 Fertile stamens 4–8. Evergreen trees, shrubs, or 
woody lianas with T-shaped hairs. Intraxylary 
phloem absent. Vessels with simple perforations, 
but in some species of Trigonia occur vestigial 
scalariform  perforations; lateral pitting extremely 
rare. Fibers with distinctly bordered pits, in some 
species septate. Rays heterogeneous. Axial paren-
chyma apotracheal or paratracheal. Leaves usu-
ally opposite or rarely alternate (Trigoniastrum), 
simple, entire, densely whitish hairy below; 
stipules interpetiolar, often connate, deciduous. 
Stomata paracytic. Flowers in terminal or axillary 
cymes, racemes, or panicles, or thyrses, strongly 
zygomorphic. Sepals fi ve, unequal, imbricate, 
united into a cup below. Petals three, or fi ve, 
imbricate or contorted, or valvate, the two ante-
rior (lower) ones forming a keel, the posterior 
(upper) ones forming a basally  saccate or spurred 
standard, the laterals spatulate. Androecium uni-
lateral on anterior (lower) side of fl ower, of 4–13 
stamens, 4–8 (often 6) of them fertile (up to 4 sta-
minodial); fi laments more or less united. Pollen 
grains 3–5-porate. Nectary glands sometimes 
lobed or cleft, borne in front of standard or want-
ing (Isidodendron). Gynoecium of 3(4) carpels; 
style  terminal, with a capitate or slightly trilobed 
stigma; ovules 1–2 to rather numerous in each 
locule,  pendulous, anatropous, crassinucellate 
(Mauritzon 1936; Corner 1976) or tenuinucellate 
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(Boesewinkel 1987), with endothelium; placenta-
tion parietal; micropyle zig-zag. Fruits septicidal 
capsules (Trigonia) or more often three winged 
samaras. Seeds winged, hairy ( usually long-pilose), 
seed coat testal-tegmic; exotesta with thickened 
outer walls, endotegmic cells tanniniferous; embryo 
straight, green (Trigonia);  cotyledons large, fl at 
with very short radicle; endosperm copious and 
fl esh (Trigonia) or scarce (Trigoniastrum) (Plisko 
2000); n = ca. 10.. . . . . . . . . . . . . 3. trigoniaceae

2 Fertile stamens three. Shrubs or subshrubs 
(Euphronia acuminatissima) or trees; young 
growth densely covered with white or gray 
pubescent, the branchlets, petioles and blades 
may become glabrous with age; mucilaginous 
hypodermis lacking. Parenchyma more or less 
aliform-confl uent. Leaves alternate, simple, 
entire, white tomentose below; stipules small. 
Flowers in terminal or axillary, pubescent 
racemes, bracteate, bisexual, zygomorphic. 
Sepals three (5 – according A.Litt 2004), unequal, 
pubescent abaxially, connate et the base. Petals 
three, spatulate, clawed, purplish, generally silky 
pubescent. Stamens four and generally one sta-
minodial; stamens and  staminode united at the 
base into tube; the split opposite staminode; fi la-
ments basally connate; anthers  reddish brown, 
basifi xed, introrse, opening by a single central 
slit. Gynoecium of three carpels; the style genic-
ulate near apex, pilose, persistent in fruit, the 
stigma trilobed; placentation axile. Ovary supe-
rior, 3-locular; ovules two in each locule, anatro-
pous. Fruits cylindrical septicidal, trivalvate 
capsule, exocarp thin, fl eshy, pubescent. Seeds 
one per locule, slightly winged, glabrous, red-
dish brown.  . . . . . . . . . . . . . 4. euphroniaceae.

1 Fruits drupes.
3 Stylodia free or united into simple styles. 

1 Ovules tenuinucellate. Small trees, shrubs, 
or woody lianas; bark of lianas often smooth, 
pale, with  scattered, dark, lenticellate pustules. 
Mucilage cells sometimes present in the par-
enchymatous tissues and in the leaf epidermis 
and hypodermis. Vessels with simple or mixed 
simple and scalariform perforations; lateral 
 pitting alternate, rarely (Tapura) scalariform 
or intermediate. Fibers with small bordered 
pits. Axial parenchyma mostly paratracheal. 
Indumentum  consists of unicellular hairs with 
warty papillae. Leaves alternate, simple, entire, 

pinnately veined, stipulate; stipules usually 
caducous. Flowers small, in axillary to petiolar 
or epiphyllous cymes, bisexual or rarely 
 unisexual (the plants monoecious), actinomor-
phic or (Tapura) more or less zygomorphic, 
often with articulated pedicels. Sepals fi ve, 
imbricate, free or rarely basally connate. Petals 
fi ve, usually 2-lobed or bifi d, imbricate, free or 
basally connate into a tube. Stamens three or 
fi ve, free or adnate to the corolla tube, in Tapura 
only three fertile and two staminodia. Anthers 
thickened, opening by longitudinal slits; the con-
nective often dorsally thickened. A basal nectary 
gland borne opposite each petal (confl uent to 
form a ring when the corolla is  sympetalous). 
Gynoecium of 2–3 carpels; stylodia free or 
united into simple or lobed styles; stigma capi-
tate or simple; ovary superior to quite inferior; 
placentation apical. Ovules two in each locule, 
pendulous at apex of each locule, anatropous; 
micropyle endostomal. Fruits drupes, dry or 
rarely fl eshy, with a unilocular or sometimes 
2–3-locular pyrene that generally has only one 
seed per locule; exocarp sometimes splitting. 
Seeds with large, straight, oily, green or orange 
embryo and without endosperm, often with car-
uncle. Containing fl uoracetic acid and pyridine 
alkaloids, n = 10, 12. . . . 2. dichapetalaceae.

3 Style more or less gynobasic, with simple or 
3-lobed stigmas. Trees or shrubs, rarely sub-
shrubs; woods siliceous and with SiO

2
 grains. 

Vessels with simple perforations; lateral pitting 
alternate. Fibers with numerous bordered pits. 
Rays mainly or wholly uniseriate heterogeneous 
or rarely almost homogeneous. Axial paren-
chyma apotracheal, in numerous narrow bands. 
Sieve-element plastids of Ss-type. parenchyma 
in apotracheal bands; Nodes pentalacunar with 
fi ve traces. Leaves alternate, simple, entire, pin-
nately veined, conduplicate, often with abaxial 
glands, stipulate. Flowers mostly rather small, in 
various kinds of cymose racemose or racemose, 
terminal or axillary infl orescence or rarely soli-
tary, bisexual or rarely polygamous actinomor-
phic or more or less zygomorphic, with 
 well-developed fl oral tube that is lined with an 
annular nectary disc. Sepals fi ve, imbricate. 
Petals fi ve, free, imbricate, sometimes absent. 
Stamens (2-)8–20 or numerous (up to 300), all 
fertile or some of them staminodial; fi laments 
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elongate and curved toward the fl oral center in 
bud, free or all connate or connate into groups; in 
the more zygomorphic fl owers all on one side of 
the fl oral tube; anthers small, tetrasporangiate, 
introrse, dorsifi xed, opening longitudinally. 
Tapetum secretory. Microsporogenesis simulta-
neous. Pollen grains 2-celled, 3(4)-colpate or 
-colporate. Gynoecium of three carpels united 
only by the common gynobasic style, but usually 
two of them more or less reduced, so that the 
gynoecium may appear to be monomerous with a 
basal stylodium; two ovules in each fertile loc-
ule, or sometimes the single fertile locule divided 
by a median partition to appear as two uniovulate 
locules; style more or less gynobasic, with a sim-
ple or 3-lobed stigma; ovary superior. Ovules 
ascending from the base, anatropous, bitegmic, 
tenuinucellate, with a small nucellus with the tis-
sue soon disintegrating, with endothelium; 
micropyle zig-zag. Female gametophyte consists 
of four cells: the egg, two synergids, and the cen-
tral cell (Tobe and Raven 1984). Endosperm 
nuclear. Fruits 1-seeded drupes, often hairy 
inside, medium-sized to large. Seeds exotestal, 
ruminate, with large embryo and without 
endosperm. Plants contain trihydroxyfl avonoids, 
n = 10, 11. . . . . . . . . . . . 1 chrysobalanaceae.

1. CHRYSOBALANACEAE

R. Brown 1818 (including Hirtellaceae Horaninow 
1847, Licaniaceae Martynov 1820). 17/495. Lowlands 
of tropical and partly subtropical regions of both hemi-
spheres, but mainly Central and South America and 
West Indies; reaches subtropics of North America, 
South Africa, and eastern Asia.

chrysobalaneae: Chrysobalanus, Grangeria, 
Licania, Parastemon; parinarieae: Bafodeya, 
Exellodendron, Hunga, Neocarya, Parinari; gouepieae: 
Acioa, Couepia, Maranthes; hirtelleae: Atuna, 
Dactyladenia, Hirtella, Kostermanthus, Magnistipula.

2. DICHAPETALACEAE

Baillon 1886 (including Chailletiaceae R. Brown 
1818). 3/180. Pantropical, but Dichapetalum reaches 
southeastern Africa.

Dichapetalum, Stephanopodium, Tapura.

Traditionally are included in the Euphorbiales. 
Recent molecular data indicates a relationship to the 
Chrysobalanaceae and Trigoniaceae, a placement 
suggested as early as 1921 by H.Hallier (Prance 
2004).

3. TRIGONIACEAE

Endlicher 1841. 5/35. Madagascar (Humbertiodendron, 
1), western Malesia (Trigoniastrum, 1) and central and 
tropical South America: Trigonia (24) from Mexico to 
Paraguay, Trigoniodendron – southeastern Brazil.

Trigoniastrum, Trigonia, Trigoniodendron, Humber-
tiodendron, Isidodendron.

Trigoniaceae traditionally placed in the Polygalales, 
and related to the Vochisiaceae. Molecular data sug-
gested affi nities with Chrysobalanaceae and Dicha-
petalaceae (Soltis et al. 2006).

4. EUPHRONIACEAE

Marcano-Berti 1989. 1/3. Colombia, Venezuela, 
Guayana, and northwestern Brazil.

Euphronia.
Closely related to the Trigoniaceae.
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Superorder MYRTANAE

Order 87. MYRTALES

Trees, shrubs, or herbs. Intraxylary (internal) phloem 
in woody stems always present. Vessels mostly with 
simple or rarely (Geissolomataceae and some 
Myrtaceae) with scalariform perforations and with 
vestured, bordered pits; lateral pitting almost always 
alternate. Fibers with simple or bordered pits, septate 
or nonseptate. Rays heterogeneous to homogeneous. 
Axial parenchyma most typically scanty paratracheal, 
but in addition it may be apotracheally diffuse. Sieve-
element plastids of Ss-type. Nodes unilacunar or some-
times (Alzateaceae) trilacunar. Leaves opposite or less 
often alternate or verticillate, simple, mostly entire, 
usually with vestigial stipules, rarely estipulate. 
Stomata of various types, mostly anomocytic. Flowers 
in various cymose or racemose infl orescences or some-
times solitary in the axils, bisexual or rarely unisexual, 
actinomorphic or sometimes more or less zygomor-
phic (usually slightly zygomorphic), mostly 4- or 
5-merous, sometimes apetalous (some Lythraceae and 
all Alzateaceae and Penaeaceae). Sepals connate, 
sometimes much reduced or obsolete. Petals alternise-
palous. Stamens numerous, rarely reduced to one; 
 fi laments bent inward in the bud or rarely erect (as in 
Psiloxylon); anthers 2-locular or (Heteropyxidoideae 
in Myrtaceae, Rhynchocalycaceae) 4-locular at anthe-
sis, opening longitudinally or (some Myrtaceae and 
the majority of Melastomataceae) by apical pores. 
Tapetum secretory. Microsporogenesis simultaneous. 
Pollen grains 2-celled or less often 3-celled, in 
monads or sometimes (as in Onagraceae) in tetrads, 
 basically 3-colporate, but sometimes colpate or 
porate, basically tectate and frequently characterized 
by pseudocolpi. Intrastaminal annular nectary disc 
often present. Gynoecium of 2-many (often 4 or 5) 
united carpels with stylodia connate into a style (very 
short in Psiloxylon); stigma simple or lobed. Ovary 
superior to inferior, plurilocular to 1-locular, usually 
with (1)2 to many ovules per carpel. Ovules anatro-
pous or in various taxa hemitropous, amphitropous or 
campylotropous, usually bitegmic or very rarely (in 
some Myrtaceae) unitegmic, crassinucellate. 
Endothelium absent or rarely (Axinandra in the 
Crypteroniaceae) present. Female gametophyte of var-
ious types. Endosperm nuclear. Fruits of various types. 
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Seeds mostly with very little or no endosperm. Contain 
 fl avonols, myricetin, methyulated ellagic acid, 
n = 5–14, 20, 24.

Evidently derived from the lower Rosidae, most 
probably from the Saxifragales.

Key to Families
1 Nodes trilacunar with three traces. Rays 

 heterogeneous with long ends. Vessel-ray pits large 
and simple, reticulate to scalariform. Evergreen 
small trees or shrubs, sometimes hemiepiphytic; 
branches opposite or verticillate; the young branches 
scarcely 4-angled, the stems of the infl orescence 
distinctly 4-angled to narrowly winged; nodes 
enlarged, especially knobby when branches are ver-
ticillate. Leaves mostly clustered at the ends of the 
branches, opposite or less often verticillate, simple, 
entire, thick, leathery, with axillary stipules. Stomata 
anomocytic to nearly encyclocytic. Flowers in axil-
lary, basically paniculate infl orescences, lacking 
bracteoles, articulated at the base, bisexual, actino-
morphic, apetalous or possibly petals rudimentary, 
with open campanulate, leathery, fl oral tube, 
5(6)-merous. Calyx lobes fl eshy, valvate, persistent. 
Nectary disc well developed, wide, lobed. Stamens 
fi ve, situated in the fl oral tube at the sinuses of the 
lobes; fi laments green, stout, with large cordate 
connective, as long as the anthers; anthers dorsi-
fi xed, introrse, heart-shaped, pinkish white, fl eshy, 
at the anthesis held at right angles to the fi lament 
with the apiculate apex extending between the 
lobes, resembling petals, opening longitudinally. 
Pollen grains 3-colporate, psilate, except for the 
slightly depressed middle of the mesocolpia, which 
is psilate-punctate. Gynoecium of two carpels, 
slightly bilaterally  fl attened, with a short style and 
capitate stigma; ovary superior, 2-locular, with sep-
tum divided into two half-septa and with 40–60 
anatropous ovules horizontally imbricate in vertical 
rows, micropyle endostomal,  placentation parietal. 
Female gametophyte of Allium-type. Fruits bilater-
ally compressed dry, loculicidal capsules. Seeds 
fl attened, oblong to lunate, with  fragile membra-
nous wing; exotestal cells low; embryo straight; 
endosperm lacking. Ellagic acid and fl avonoid 
(quercetin); n = 14.  . . . . . . . . . . . 1. alzateaceae.

1 Nodes unilacunar with one trace.
2 Plants woody or herbaceous, terrestrial or less 

often aquatic.

3 Secretory cavities lined with epithelium lack-
ing. Calyx and corolla usually valvate.
4 Micropyle is formed only by one 

integument.
5 Micropyle is formed only by inner integ-

ument Evergreen tree up to 12 m tall. 
Leaves opposite, decussate, simple, 
entire; stipules rudimentary. Stomata 
 anomocytic and cyclocytic. Flowers in 
multifl oral  panicle, small, bisexual, acti-
nomorphic, 6-merous, with a short, sau-
cer-shaped fl oral tube. Sepals six, white 
and petal-like, recurved, and distinctly 
beaked in bud, persistent. Petals six, 
inserted on the rim of the fl oral tube, con-
spicuously and narrowly clawed, 
recurved, caducous, margin lacerate, 
hoodlike, and covering the anthers in bud 
only. Stamens six, oppositipetalous, 
inserted near the inner rim of the fl oral 
tube, incurved in bud; fi laments much 
longer than the anthers; anthers sub-
basifi xed, versatile, introrse,  opening 
longitudinally. Nectary disc wanting. 
Pollen grains 3-colporate, heterocolpate, 
apertures alternating with three pseudo-
colpi. Gynoecium of 2(3) carpels, with 
simple style and capitate stigma covered 
with minute papillae; ovary superior, 
bilaterally compressed, in young fl owers 
1-locular, but subsequently rendered 
2-locular (rarely 3-locular) by an exten-
sion of placentas from opposite sides of 
the ovary wall; ovules ca. 15–20 per loc-
ule, anatropous, pleurotropous, super-
posed in a single vertical series. Female 
gametophyte of Polygonum-type. Fruits 
dorsiventrally compressed (rarely trigo-
nous) capsule, loculicidal at the apex. 
Seeds narrowly winged (expanded 
raphe), the wings is formed by divisions 
and elongation of cells of the funiculus; 
seed coat papery, rather smooth; embryo 
more or less fl attened, cotyledons folded 
inside; endosperm lacking. Contain 
flavonoids and accumulated Aluminium; 
n = 10.. . . . . . 2. rhynchocalycaceae.

5 The micropyle is formed by the outer 
integument. Evergreen, densely leafy 
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ascending shrubs. Young branches more 
or less densely covered with long 
 unicellular two-armed (Malpighian) hairs 
that have one long and one quite short 
arm. Branches with four longitudinal 
ridges and with relatively inconspicuous 
transverse leaf scars. Young stems some-
what tetragonal. Vessels with scalariform 
perforations that have rather numerous 
(12–23) bars; lateral pitting opposite or 
scalariform. Fibers are tracheids. Rays 
heterogeneous, mixed uniseriate and 
pluriseriate. Axial parenchyma scanty and 
diffuse and occurs in strands of 4–5 very 
long cells. The stem cortex contains scat-
tered stone cells. Small calcium oxalate 
crystals present in ray cells. Leaves oppo-
site, subsessile, leathery, simple, entire, 
with the thickened, slightly recurved mar-
gins pinnately veined; epidermis contain-
ing some  mucilaginous cells; stipules 
small, subulate, situated on the sides of 
the short, petiolelike leaf base. Stomata 
anomocytic. Flowers solitary, terminal 
(on short  axillary branches), or axillary, 
subtended by three pairs of decussate 
bracts, these increasingly large and 
 petaloid (pink) above, often also with ves-
tigial fl oral buds in axils of uppermost 
bracts, on short, sharply 4-angled pedicel, 
bisexual actinomorphic, apetalous, 4-mer-
ous throughout. Sepals large, imbricate, 
pointed, rose-colored, persistent. Nectary 
disc wanting. Stamens in two cycles of 
four each, the outer cycle alternating with 
the sepals; fi laments slender, long erect, 
free or inserted at the base of the calyx; 
anthers dorsifi xed, versatile, tetrasporan-
giate, with short, apical connective, open-
ing longitudinally. Tapetum secretory. 
Pollen grains usually 3-colporate, but 
some 6-pantoporate grains also occur; the 
exine tectate-columellate,  perforate. 
Gynoecium of four united carpels; ovary 
superior, 4-locular, 4-ridged, and 
4-grooved with essentially free stylodia; 
stylodia basally and centrally separate, 
but their upper slender parts connivent 
and twisted, separate apically and covered 

with stigmatic papillae adaxially; each 
locule with two pendulous ovules attached 
centrally in the upper middle part of the 
ovary. Female gametophyte of Polygonum-
type. Fruits hard, 4-lobed, loculicidal cap-
sules enclosed in the persistent calyx. 
Seeds reniform, smooth, with a short, 
whitish funicle, which is swollen and 
forms a collarlike  caruncle; embryo 
straight, linear with fl eshy, linear cotyle-
dons; endosperm present. Plants 
Al-accumulators. 3. geissolomataceae.

4 Micropyle is formed by both the 
integuments.

6 Female gametophyte of Penaea-type 
(tetrasporic, 16-nuclear). Glabrous 
small, evergreen, ericoid shrubs or 
shrublets, procumbent to ascending or 
erect. Leaves opposite, decussate, 
entire, acuminate to retuse, often cori-
aceous; stipules wanting or small, each 
divided into a small row of fi ngerlike 
or rarely hairlike,  secretory structures 
in the leaf axil. Stomata  anomocytic. 
Flowers solitary in the upper leaf-
axils, bisexual,  actinomorphic, apeta-
lous, 4-merous, with a variably long 
fl oral tube. Calyx lobes valvate or 
reduplicate-valvate, persistent, calyx 
often coloured like a corolla. Stamens 
four, inserted in throat of calyx and 
alternating with calyx lobes; fi laments 
very short, narrow, erect; anthers 
 4-locular, introrse, basifi xed, opening 
longitudinally; connective fl eshy, 
much expanded, often much longer 
than the frequently well separated loc-
ules. Pollen grains 3–6-colporate, 
always provided with pseudocolpi 
isomerous with the apertures. Nectary 
disc lacking. Gynoecium of four car-
pels; style with capitate or 4-lobed 
stigma; ovary superior, 4-locular, often 
4-lobed, with 2–4 anatropous, pendu-
lous or ascending ovules per locule. 
Placentation basal to axile, or axile, or 
axile to apical. Fruits fi rm, often hard 
loculicidal capsules, included in the 
persistent fl oral tube. Seeds elongate, 
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arilate, endotestal cells much elon-
gated, endotegmen fi brous, nearly or 
quite without endosperm; embryo with 
a large hypocotyl and small cotyle-
dons. Contain non-hydrolysable tan-
nins, n = 10–12.  . . . . 4. penaeaceae.

6 Female gametophyte of Polygonum- or 
Oenothera-type.
7 Female gametophyte of Polygonum-

type. Oxalate raphids wanting.
8 Each fl ower is basally subtended by 

a short internode ending with some 
blunt teeth, a “calyculus” (which is a 
stem structure). Flowers in panicu-
late  infl orescences with the branches 
ending in 3-fl owered cymules, small, 
bisexual, actinomorphic, 4(5)-mer-
ous, with fl oral tube prolonged 
over the ovary, truncate or obscurely 
and minutely 5-toothed, ultimately 
deciduous. Calyx represented by a 
narrow rim at the throat of the fl oral 
tube, usually with (4)5 more or less 
linear-spatulate or obovate spatulate, 
white or pinkish, valvate lobes, not 
enclosing the petals in bud. Petals 
4(5), inserted at the throat of the fl o-
ral tube, scalelike, alternating with 
end much shorter than the calyx 
lobes, incurved and closing the tube 
in bud, spreading and refl exed at 
anthesis, valvate, usually pink to 
crimson, pubescent. Stamens (4)5, 
inserted on the inner rim of the fl oral 
tube below the petals, incurved in 
bud; very short, not exserted and 
with the anthers almost fi lling the 
mouth of the fl oral tube; anthers dor-
sifi xed, not versatile, introrse, with 
thickened connective, opening longi-
tudinally. Pollen grains heteropolar 
with one pole colpate and the other 
heterocolpate; pseudocolpi restricted 
to one polar face only. Nectary disc 
lacking. Gynoecium of (2)4–5 car-
pels; style with a capitate stigma; 
ovary inferior, with as many locules 
as carpels, with (2)3 superposed 
ovules per carpel. Ovules  pendulous, 

campylotropous, hypotropous. Fruits 
drupaceous, marked by a circular 
scar left by the deciduous fl oral tube; 
endocarp woody, longitudinally 
ribbed. Seeds usually one per locule 
and nearly always only one per fruit, 
without endosperm; embryo oily, 
with a short radicle and unfolded, 
spirally twisted or convolute cotyle-
dons. Evergreen shrubs or trees up to 
25 m tall; stem often fl uted and but-
tressed; young leafy branchlets quad-
rangular. The inner bark and leaves 
(when crushed) usually with a strong 
almond scent. Leaves opposite or 
rarely ternate, entire, coriaceous, 
with rudimentary stipules. Stomata 
paracytic to  anomocytic, verging on 
encyclocytic. Fibers with  simple pits, 
septate. Contain non-hydrolysable 
tannins,  cyanogenic glycoside pruna-
sin; n = 15, 20.  . . . . 5. oliniaceae.

8 Flowers not subtended by 
“calyculus.”
9 Placentation apical. Evergreen or 

deciduous trees up to 50 m tall, 
shrubs, subshrubs (in savannas, 
often do not exceed 20 cm), or 
often lianous (in forests, often 
climb above 30 m high), some-
times mangroves, rarely spiny; 
the bark is often fl aking. Roots 
rarely with  pneumatophores 
(Laguncularia racemosa); stems 
rarely with spines. Fibers with 
simple pits, frequently septate, or 
(Strephonema) with distinctly 
bordered pits. Intraxylary (inter-
nal) phloem commonly but not 
always present, interxylary 
(included) phloem often present 
as well (restricted to some genera 
of the tribe Com-breteae); muci-
lage ducts present in Terminalia. 
Leaves  alternate, opposite or less 
often verticillate, entire, simple, 
 variously pubescent, sometimes 
glandular (Combretinae), condu-
plicate or supervolute (revolute in 
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Laguncularia), often with two 
gland-containing fl ask-shaped 
cavities at base; stipules lacking 
or vestigial. Stomata anomocytic 
or sometimes encyclocytic, rarely 
(Strephonema) paracytic. Flowers 
in racemes, spikes, or heads, 
bisexual or sometimes unisexual, 
actinomorphic or seldom slightly 
zygomorphic, with a usually 
fairly short fl oral tube (sometimes 
absent). Sepals 4–5(-8), often 
appearing as lobes of fl oral tube, 
valvate or imbricate or sometimes 
very small. Petals 4–5(-8), mostly 
rather small, imbricate or valvate, 
often lacking. Stamens usually 
twice as many as the sepals and 
mostly in two cycles; fi laments 
infl exed in bud; anthers usually 
 versatile, opening longitudinally. 
Pollen grains 3(4)- colporate, 
mostly heterocolpate, with pseudo-
colpi (absent in Strephonema). 
Well-developed intrastaminal disc 
is very often present. Gynoecium 
of 2–5(-8) carpels with elongate 
style ending in a punctate or sel-
dom capitate stigma; ovary infe-
rior, or rarely (Strephonema) 
semi-inferior, 1-locular, with 
2(-6), sometimes up to 7(20), 
only one developing, anatropous 
ovules pendulous on an elongate, 
slender funicle from the top of 
locule; placentation apical. 
“Fruits 1-seeded pseudocarps, 
formed from the ovary and 
 surrounding the lower hypan-
thium; the fruit wall ( pericarp 
plus hypanthium) may be thin 
and hard, or become differenti-
ated as spongy or succulent tis-
sue, or develop 2–5 wings” (Stace 
2007). Seeds without endosperm; 
embryo green, oily, with folded 
or spirally twisted cotyledons; 
rarely (Strephonema) cotyledons 
massive and hemispheric or 

(some African spp. of Combretum) 
united, some species of Terminalia 
have three or more cotyledons. 
Contain tannins, 
5- desoxyfl avonoids, fl avonoid 
sulphates, myricetin, only few 
alkaloids and triterpene saponins; 
n = 7, 11–13. 6. combretaceae.

9 Placentation not apical, only 
rarely (Trapaceae) apical-axile.
10 Flowers polygamo-dioecious 

or bisexual, in axillary racemes 
or panicles, very small, acti-
nomorphic, 4–5-merous. 
Sepals 4–5, appearing as val-
vate lobes on the cupulate or 
shortly tubular fl oral tube. 
Petals absent (Crypteronia) or 
small and connate apically and 
falling off as a cup when the 
fl ower opens (Axinandra). 
Stamens as many as and alter-
nate with the sepals, inserted 
on the margin of the fl oral 
tube, infl exed in bud, and with 
a wide connective, which is 
conduplicate in Axinandra. 
“The anther endothecium 
degenerates early, and the 
anthers dehisce not via differ-
ential shrinking of endothe-
cium cells, but via  rupture of 
walls along their thinnest sec-
tions, caused by the shrinking 
of connective cells” (Renner 
2007). Pollen grains 2- or 
 3-colporate, with apertures 
alternating with pseudocolpi. 
Gynoecium of 2–6 carpels; 
style with capitate stigma; 
ovary superior to semi-infe-
rior, with numerous, anatro-
pous ovules on axile placentas. 
Endothelium present at least 
in Axinandra. Fruits charta-
ceous or woody, loculicidal 
capsules, the valves often held 
together apically by persistent 
style. Seeds usually small, fl at, 



Superorder MYRTANAE 333

with membranous, minutely 
wing, endotesta crystallifer-
ous, endotegmen tanniniferous; 
endosperm lacking. Fibers 
with distinctly bordered pits. 
Internal phloem characteristi-
cally present. Nodes trilacunar 
with three traces. Leaves oppo-
site, glabrous, entire, with a 
marked midrib and continuous 
marginal vein; petioles short; 
small stipules sometimes 
present. Stomata paracytic or 
(Dactylocladus) anomocytic. 
Evergreen trees up to 50 m 
tall, often with quadrangular 
twigs. Plants accumulate 
aluminium.   . . . . . . . . . . . . . .
7. crypteroniaceae.

10 Flowers not polygamo-dioe-
cious. Pollen grains never 
2-colporate. Endothelium 
always absent.
11 Anthers mostly opening 

by single apical pore or 
seldom by two pores or by 
longitudinal slits; connec-
tive usually provided by 
conspicuous appendage.
12 Interxylary (included) 

phloem of the foram-
inate type present. 
Fibers with distinctly 
bordered pits. Nodes 
unilacunar with three 
traces. Large shrubs or 
huge trees (up to 35 m 
tall); indumentum 
absent or consists of 
uniseriate hairs. Leaves 
opposite, petiolate, 
simple, entire; venation 
pinnate with indistinct 
lateral and intramar-
ginal veins; stipules 
absent. Stomata para-
cytic. Infl orescences at 
nodes of young wood, 
sometimes caulifl o-

rous, cymose, umbel-
loid, fasciculate, or 
sometimes solitary at 
nodes of older wood. 
Flowers generally 
small, actinomorphic, 
bisexual or rarely 
(Lijndenia) androdioe-
cious, 4–5-merous. 
Sepals 4–5, minute, 
imbricate in bud. Petals 
imbricate in bud, yel-
low, pink, or bluish. 
Stamens 4–5 or 8–10, 
with a carnose connec-
tive generally provided 
with a terpenoid-pro-
ducing gland; anthers 
2-locular, versatile, with 
fi brous endothecium, 
opening by longitudi-
nal slits, sometimes 
short and functioning as 
pores. Pollen grains het-
erocolpate. Gynoecium 
of 2–5 carpels; style 
elongate, stigma punc-
tate; placentation basal 
or axile; ovary inferior, 
1–5-locular, with two to 
numerous, ascending, 
anatropous, or campy-
lotropous ovules per 
locule. Fruits fl eshy, 
1–5-seeded berries. 
Seeds usually large, 
without endosperm; 
seed coat with fi brous 
exotegmen; embryo 
green, with thick or con-
volute cotyledons. n = 7. 
8. memecylaceae.

12 Interxylary phloem lack-
ing. Herbs, shrubs, treelets, 
or trees up to 45 m tall, less 
frequently scandent shrubs 
or lianas, self supporting, 
or epiphytic, or climbing. 
Young stems often tetrago-
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nal. Indumentum very dif-
ferentiated, the trichomes 
being generally large, mul-
ticellular, and scalelike. 
Vessels with simple perfo-
ration and with vestured 
pits. Fibers with simple 
pits, often septate. Wood 
parenchyma paratracheal, 
or apotracheal and paratra-
cheal. Nodes unilacunar 
with three traces. Leaves 
nearly always opposite, 
simple, entire to dentate, 
conduplicate or supervo-
lute, with 3-9(-19) main 
veins separate from the 
base of the  lamina; stipules 
lacking. Stomata anomo-
cytic, polycytic, or ency-
clocytic. Flowers in 
terminal panicles or cymes, 
rarely solitary, bisexual, or 
rarely androdioecious, 
small and nearly actino-
morphic to large and 
 distinctly zygomorphic, 
3-5(-7)-merous. Sepals 4, 
or 5(-7), imbricate, or val-
vate. Petals imbricate in 
bud. Stamens 4–5, or 8, or 
10(-96), with connectives 
often prolonged or pro-
vided with appendages, but 
without glands; fi laments 
often twisted, bringing all 
the anthers to one side of 
the fl owers, free of one 
another; anthers basifi xed, 
tetrasporangiate, without 
fi brous endothecium, usu-
ally opening poricidal (api-
cally, with one, two, or 
rarely four pores per 
anther), or by short slits, or 
rarely opening longitudi-
nally. Nectaries present or 
absent. Pollen grains het-
erocolpate, supplied with 

pseudocolpi or with inter-
colpate depressions isomer-
ous with the usually three 
apertures. Gynoecium 
 generally of 3-5 (-14) car-
pels; ovary superior to infe-
rior, mostly 3–5-locular, 
rarely 1-locular when the 
partitions are  dissolved, 
with axile or rarely basal 
placentation. Styles one, 
apical, elongate; stigma 
punctate to  capitate. Ovules 
(2-)6–50 per locule, usu-
ally anatropous, rarely 
(Rhexia) orthotropous, 
bitegmic, outer integument 
contributing to the micro-
pyle (in addition to the 
inner one); mizropyle zig-
zag. Fruits berries or loculi-
cidal capsules. Seeds 
numerous, small; seed coat 
 without fi brous exotegmen; 
embryo minute, with two 
small unequal cotyledons. 
Contain acylated anthocy-
anins (cyanidin and del-
phinidin), fl avonols 
(kaempferol, quercetin, and 
myricetin), rarely ellagic 
acid n = 5(-7)-8–18. 
9. melastomataceae.

11 Anthers always opening by 
longitudinal slits. Mostly 
herbs, less often subshrubs, 
shrubs, or sometimes trees, 
rarely very large and tall; bark 
fl aky, mucilage cells com-
mon; stems often 4-angled or 
narrowly 4-winged when 
young. Hairs uni- or bi-, 
sometimes multicellular, or 
(Cuphea) with cystolitic, 
malpighiaceous, or glandular 
hairs. Branched foliar sclere-
ids mostly absent. Internal 
phloem usually present. 
Vestured pits present in the 
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secondary xylem and internal 
phloem. Axial parenchyma 
scanty paratrachel. Leaves 
usually opposite, less often 
verticillate, rarely subalter-
nate, generally decussate, 
simple, commonly entire, fl at 
to conduplicate, stipules ves-
tigial or none. Stomata mostly 
anomocytic. Infl orescences 
axillary or terminal, thyrses, 
cymes, umbelliform clusters, 
of fl owers solitary; epicalyx 
of small teeth often present, 
the teeth alternating with 
calyx lobes. Flowers bisexual, 
actinomorphic or sometimes 
more or less zygomorphic, 
with conspicuous, sometimes 
spurred fl oral tube, usually 
(3)4-6(-8-16)-merous. Sepals 
rather thick, valvate, appear-
ing as valvate lobes of the fl o-
ral tube, often alternating 
with external appendages at 
the sinuses. Petals free, 
attached at the summit or 
within the fl oral tube, pin-
nately veined, crumpled in 
bud, sometimes wanting. 
Stamens usually twice as 
many as the sepals or petals, 
in two cycles, rarely (Rotala) 
 solitary or numerous and cen-
trifugal as in Lagerstroemia; 
fi laments more or less elon-
gate, straight or incurved (the 
long fi laments of Lafoensia 
inrolled) in bud, usually 
inserted on the inside of the 
fl oral tube. Anthers versatile, 
introrse, dorsifi xed or seldom 
 basifi xed. Pollen grains 3-col-
porate (some heterocolpate 
with either three or six sub-
sidiary colpi). Nectary often 
present, annular or unilateral 
(Cuphea). Gynoecium of 
2–4(-8), rarely (Punicoideae) 

7–9(-15) carpels; style fi li-
form, commonly elongate, 
sometimes bent in bud, mostly 
with capitate stigma; ovary 
superior to inferior, often sur-
rounded at the base by an 
annular nectary disc (or the 
nectary unilateral), multiloc-
ular with as many locules as 
carpels, but sometimes the 
septa not reaching the sum-
mit; rarely the ovary 
pseudomonomerous; placen-
tation axile or rarely free-cen-
tral. Ovules usually more or 
less numerous in each locule, 
anatropous or very rarely 
amphitropous. Fruits usually 
capsular, dehiscing variously 
or seldom indehiscent, rarely 
berrylike. Seeds generally 
more or less numerous, fl at-
tened, sometimes winged, 
nearly or quite without 
endosperm, with straight oily 
embryo; cotyledons folded. 
Often producing quinoliz-
idine  alkaloids. n = 5, 7, 8, 
15, 24, 28. 10. lythraceae.

7 Female gametophyte of Oenothera-
type. Annual or perennial herbs or 
sometimes shrubs, lianas (Fuchsia), 
rarely trees to 30 m tall (Hauya, some 
Fuchsia), often with epidermal oil 
cells. Included phloem of foraminate 
type often present. Fibers with sim-
ple pits, often septate. The vegetative 
parts are rich in oxalate raphides. 
Leaves alternate, opposite, or more 
rarely verticillate, usually entire or 
dentate, but  sometimes lobed or 
lyrate-pinnatifi d; small stipules 
sometimes present, but in most gen-
era they are vestigial or wanting. 
Stomata with three or more subsid-
iary cells, often anisocytic. Flowers 
solitary in the axils, or in spikes, or 
panicles, bisexual or seldom (spp. of 
Fuchsia) unisexual, mostly with long 
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fl oral tube, which is nectariferous 
within, actinomorphic or less often 
more or less zygomorphic (strong 
zygomorphy in Lopezia), mostly 
4-merous or sometimes 2-merous 
(Circaea), 5-merous, or 7-merous 
(Ludwigia). Sepals 2–7, valvate, 
commonly appearing as lobes on the 
 fl oral tube. Petals 2–7, imbricate, 
valvate, or contorted, often clawed or 
stipitate, rarely wanting. Stamens 
attached within the fl oral tube, or 
surrounding the epigynous nectary 
disc, generally 2-cyclic or 1-cyclic, 
or rarely reduced to 1–2 (and one of 
these sterile in Lopezia). Staminodes 
sometimes present in Lopezia and 
Fuchsia. Pollen grains borne in 
monads or sometimes in tetrads, or 
polyads (Ludwigia), (2)3(-6)-apertu-
rate (colpate, colporate, or often 
porate), with viscin threads on the 
proximal surface in all but one spe-
cies (Circaea alpina), with dominant 
circular or triangular central body 
and usually markedly to slightly 
protruding apertures; pseudocolpi 
lacking. Gynoecium generally of as 
many carpels as the sepals or petals; 
style with a capitate, cylindrical, clav-
ate, or 4-lobed stigma; ovary inferior 
or rarely semi-inferior, with as many 
locules as carpels or the partitions 
sometimes imperfect, so placentation 
accordingly axile or parietal. Ovules 
numerous or  several (seldom 1 or 2) 
in each locule or on each  placenta, 
anatropous. Fruits loculicidal (or both 
loculicidal and septicidal) capsules or 
sometimes berries (Fuchsia) or small 
nuts (Gaura and Circaea). Seeds 
numerous,  several, or only one; 
exotesta often hairy or papillate, inner 
walls thickened and lignifi ed; embryo 
oily, straight or nearly so; endosperm 
absent. Contain fl avonoid  sulphates, 
n = 7, 9, 11.  . . . . . 12. onagraceae.

3 Characteristic, schizogenous secretory 
cavities lined with epithelium when 

young and fi lled with essential oils pres-
ent in leaves and other aerial organs. 
Calyx and corolla imbricate.
13 Stamens usually numerous. Trees 

(often rather large), shrubs or sub-
shrubs, with unicellular or sometimes 
bicellular or multicellular hairs, usu-
ally with ectotrophic mycorrhizae. 
Bark fairly smooth or rough and fi s-
sured, sometimes peeling in large 
plates (e.g., Psidium guajava). Internal 
phloem characteristically present, 
next to the pith. Secondary phloem of 
young stems usually stratifi ed. Vessels 
usually with simple perforations, 
rarely (Neomyrtus, Myrceugenia, 
Luma, Ugni, Myrteola, and several 
other Central and South American 
genera) with scalariform perforations. 
Fibers mostly with distinctly bordered 
pits (fi ber-tracheids), very rarely sep-
tate. Axial parenchyma typically 
 apotracheally diffuse or diffuse-in-
aggregates. Leaves opposite or less 
often alternate, rarely verticillate, 
 simple, entire, often coriaceous, glan-
dular-punctate, often with a continu-
ous intramarginal vein; stipules 
vestigial or wanting. Stomata anomo-
cytic or seldom paracytic. Flowers in 
various types of cymose or racemose, 
often complex infl orescences, rarely 
solitary and axillary, bisexual, nearly 
always actinomorphic, mostly 4- or 
5-merous, with a fl oral tube of vari-
able length often prolonged above the 
ovary, on the margin of which the 
sepals, petals, and normally numerous 
stamens are all inserted. Sepals (3)4–
5(-8), usually imbricate, or the calyx 
sometimes very reduced or splitting at 
anthesis or forming a deciduous calyp-
tra. Petals similar, sometimes (as in 
spp. of Eucalyptus) connivent to form 
a calyptra, or sometimes wanting. 
Stamens usually numerous, develop-
ing centripetally, free or basally united 
into four or fi ve fascicles (nearly 
always antepetalous) each supplied by 
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one vascular trunk bundle, usually 
infl exed in bud; anthers small, versa-
tile, opening by longitudinal slits or 
(as in certain sections of Eucalyptus 
and in Chamelaucium and related 
genera) by pores, the connectives usu-
ally have one or more apical secretory 
cavities (glands). Pollen grains 
2-celled, generally triangular, usually 
syncolporate, and lack pseudocolpi. 
Staminodia are rarely present. Nectary 
disc borne on the summit of the ovary 
or lining the prolonged fl oral tube. 
Gynoecium of 2–5(18) carpels; style 
generally elongate, with capitate or 
punctiform stigma; ovary with as 
many locules as carpels or seldom 
(some Leptospermoideae) the ovary 
pseudomonomerous, with a single 
locule, semi- inferior or inferior, or 
rarely superior; ovules usually numer-
ous, occasionally few, very rarely soli-
tary, anatropous or campylotropous, 
bitegmic or (some ssp. of Eugenia and 
Syzygium) unitegmic. Female game-
tophyte of Polygonum-type or rarely 
(Heteropyxideae) Allium-type. Fruits 
baccate or loculicidal (very rarely cir-
cumscissile) capsules, sometimes 
drupes, schizocarps, or nutlike, 
crowned by persistent sepal-lobes or 
scars. Seeds one to few, very occa-
sionally many; seed coat usually 
membranous or chartaceous, some-
times hard and bony; embryo of 
diverse shape and size, rarely 
(Eugenia) undifferentiated, green or 
white; endosperm usually absent, 
occasionally in a scanty amount; coty-
ledons often connate, intricately 
folded. Contain ethereal oils (usually 
terpenes) and polyhydroxyalkaloids 
(Porter et al. 2000), n = 5–11(12), less 
often 6–9.  . . . . . . . . 13. myrtaceae.

13 Stamens 1–5(-7), usually only one 
fertile. Trees, sometimes very large, 
often with well- developed buttresses, 
shrubs, or somewhat woody vines, 
rarely herbs; young parts often 

densely pubescent with  simple or 
stellate (Erisma) hairs. Intraxylary 
phloem usually present in the pre-
medullary region. Indumentum often 
brown, hairs T-shaped, unicellular, 
or stellate. Vessels exclusively with 
simple perforations; lateral pitting 
alternate and vestured. Fibers with 
few, small, simple or sometimes with 
very small borders in Vochysia, a few 
cells sometimes septate in Erisma 
and Vochysia. Rays heterogeneous to 
homogeneous. Axial parenchyma 
predominantly paratracheal. Nodes 
trilacunar or unilacunar. Leaves ever-
green, opposite, or sometimes ver-
ticillate, leathery; stipules small, 
sometimes represented by large 
glands, or  colleter-like, or wanting. 
Stomata paracytic or anomocytic. 
Infl orescence terminal, axillary 
racemes (panicles) or cincinni. 
Flowers obliquely zygomorphic. 
Sepals fi ve, basally connate, persis-
tent,  imbricate, one of them usually 
the largest and with gibbous or 
spurred base, rarely (Korupodendron) 
calyx petaloid. Petals 1–3, very 
rarely 5, or sometimes wanting, more 
or less unequal, contorted, or imbri-
cate. Stamens 1-5(-7), usually only 
one fertile; fi laments tree or rarely 
connate in two groups; anthers 
introrse, sometimes with an expanded 
connective, opening longitudinally. 
Pollen grains 3-colporate, with retic-
ulate or striate exine. Nectaries want-
ing. Gynoecium usually of three 
carpels, sometimes pseudomono-
merous; style with a capitate or lat-
eral stigma, sometimes very short; 
ovary superior and 3-locular or infe-
rior and 1-locular, ovules (1)2-many 
in each locule, pendulous, epitrop-
ous or anatropous, bitegmic, crassi-
nucellate. Fruits loculicidal capsules 
or sometimes samaras winged with 
accrescent calyx. Seeds often winged 
or hairy, testa thin, endotestal cells 
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more or less thickened,  pectic, 
mesotegmic cells fi brous, thick-
walled or nor, or testa multiplicative, 
exotesta with thickened hairs; 
embryo straight (longitudinal to the 
seed), endosperm wanting or rarely 
developed; cotyledons folded. Plants 
5-deoxyfl avonoids, usually accumu-
late aluminum, 
n = 11 or 12.  . . . 14. vochysiaceae.

2 Plants annual aquatics, sometimes free-fl oat-
ing. Raphides wanting. Submerged part of 
the stem with elongate internodes and more 
or less opposite or  ternate, fi liform-dissected, 
leafl ike green organs ( transformed stipules 
according to Vasiliev [I960]) and also with 
fi liform adventitious roots from some of the 
nodes; aerial part of the stem short, densely 
crowded leaves. Leaves with more or less 
rhombic laminas, the elongate petiole usu-
ally with an infl ated, aerenchymatous fl oat 
near midlength and small, cleft, deciduous 
stipules; the fl oating leaves have marginal 
teeth with a unique double apex. Stomata 
anomocytic. Flowers solitary on short pubes-
cent pedicels, in the axils, slightly elevated 
above the water, bisexual, actinomorphic, 
4-merous. Sepals basally connate into a short 
hypanthial tube, lobes valvate, two or four of 
them persistent and accrescent in fruit as 
hornlike or spinelike projections. Petals 
alternate with the sepals, imbricate. Stamens 
alternate with the petals, with short fi la-
ments; anthers dorsifi xed, opening longitu-
dinally. Pollen grains 2-celled, triangular, 
 3-colporate, with three prominent meridi-
onal ridges formed by the uplifting and fold-
ing of the ectexine and enclosing a cavity; 
the ridges pass over the colpi as a wide ver-
rucate-granular band; the apertures are prod-
ding and swollen as elongated domes. 
Gynoecium of two carpels, with subulate 
style and capitate stigma; ovary partly infe-
rior, surrounded at the base by 8-lobed cupu-
lar disc, 2-locular, with usually one, 
pendulous, apical-axile, anatropous ovule 
per locule, but one  locule and its ovule abort-
ing after anthesis. Endosperm  formation 
hardly takes place at all. Fruits mostly 
1-seeded, horned, drupelike, with thin, soon 

disappearing, fl eshy exocarps and persistent, 
stony endocarp. Seed large, without 
endosperm; embryo straight, the cotyledons 
very unequal in size, shape, and behavior, 
one large, starchy, kept within the fruit, the 
other small, scalelike, growing out with plu-
mule through the pore left by dehiscence of 
the style, n = 20, 24.  . . . . . . 11. trapaceae.

1. ALZATEACEAE

S. Graham 1985. 1/1. Distributed along the lower 
slopes of the Andean Cordillera in Colombia, Ecuador, 
Peru and Bolivia, in humid forests of the upper 
Amazonian basin, and disjunctly in the cloud forests of 
Costa Rica and Panama.

Alzatea.
“Comparison of specialized morphological attri-

butes and sequence data from the rbcL gene indicate 
that Alzatea belongs near the small myrtalean families 
Rhynchocalycaceae, Oliniaceae, and Penaeaceae” 
(Graham 2004). From all other myrtalean families the 
Alzateaceae differ in their trilacunar node.

2. RHYNCHOCALYCACEAE

L. Johnson et B. Briggs 1985. 1/1. Eastern parts of 
South Africa (endemic to the sandstone region of 
southern Natal and Pondoland).

Rhynchocalyx.
In the cladistic analysis of Johnson and Briggs 

(1984:732), Rhynchocalyx comes out on a common 
stem with Alzatea. According to Dahlgren and van 
Wyk (1988: 47), Rhynchocalyx is clearly related to a 
group of families consisting of Crypteroniaceae, 
Penaeaceae, Oliniaceae, Alzateaceae, and Lythraceae 
without, however, particularly close living relatives. 
They conclude that Oliniaceae, Rhynchocalycaceae, 
and Penaeaceae seem to have evolved from the same 
ancestral stock, which is to some extent also refl ected 
in their present geographical distribution.

3. GEISSOLOMATACEAE

Endlicher 1841. 1/1. Restricted to the Cape Province, 
occurring in the Langeberg Mountains of the Swellendam 
and Riverside districts, where they grow in fynbos.
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Geissoloma.
Related to the Pennaeaceae. Differing mainly in 

female gametophyte. Lindley (1853) and Gundersen 
(1950) even included Geissoloma in Penaeaceae.

4. PENAEACEAE

Sweet ex Guillemin 1828. 7/25. Confi ned to the Cape 
Province and concentrated in the southwest. Penaea 
has the widest distribution toward the east and extends 
to Port Elizabeth.

Endonema, Glischrocolla, Sonderothamnus, 
Saltera, Brachysiphon, Stylapterus, Penaea.

Penaeaceae are closely related to the Memecylaceae, 
Cryptoreniaceae, and Alzateaceae, and especially to 
Oliniaceae and Rhynchocalycaceae (Dahlgren and van 
Wyk 1988: 45). According to Dahlgren and Thorne 
(1984: 670), the ancestors of Penaeaceae could have 
had a common origin with Rhynchocalycaceae.

5. OLINIACEAE

Arnott 1839. 1/8. Southern and eastern Africa (Olinia 
ventosa on St. Helena is most probably an introduction 
from South Africa – Dahlgren and van Wyk [1988]).

Olinia.
Probably related to the Penaeaceae (Johnson and 

Briggs 1984). “Penaeaceae, despite their rather  different 
type of embryo sac, appear to be especially close to 
Oliniaceae,” state Dahlgren and van Wyk (1988: 43). 
Molecular studies clearly support a placement 
Oliniaceae in the order Myrtales (Conti et al. 1996).

6. COMBRETACEAE

R. Brown 1810 (including Myrobalanaceae Martynov 
1820, Terminaliaceae Jaume Saint-Hilaire 1805). 
14/500. Mainly tropical regions, with a few species 
extending into subtropical areas; particularly common 
in Africa. Strephonema (3) is endemic to tropical West 
Africa.

6.1 STREPHONEMATOIDEAE
Ovary semi-inferior. Pollen grains without pseudo-
colpi. Cotyledons massive, hemispheric. Stomata 
 paracytic. Fibers with clearly bordered pits. – 
Strephonema.

6.2 COMBRETOIDEAE
Ovary inferior. Pollen grains with pseudocolpi. 
Cotyledons folded, spirally twisted. Stomata 
 anomocytic or encyclocytic. Fibers with simple pits. – 
laguncularieae: Laguncularia, Lumnitzera, 
Macropteranthes, Dansiea; combreteae: Combretum 
(including Quisqualis, Calopyxis, Thiloa, Melostemon), 
Guiera, Calycopteris, Pteleopsis, Terminalia ( including 
Terminaliopsis, Bucida), Buchenavia, Anogeissus, 
Finetia, Conocarpus.

Combretaceae occupy a somewhat isolated position 
within the Myrtales. Johnson and Briggs (1984) place 
them between Penaeaceae-Oliniaceae and Cryptore-
niaceae-Melastomataceae.

7. CRYPTERONIACEAE

A. P. de Candolle 1868 (including Henslowiaceae 
Lindley 1835). 3/9–10. Sri Lanka, India (Assam and 
Bengal), southwestern China, Andaman Islands, Malay 
Peninsula, Philippine Islands, Malay Archipelago.

Crypteronia, Dactylocladus, Axinandra.
Crypteroniaceae exhibit relationships to 

Alzateaceae-Rhynchocalycaceae and especially to 
Memecylaceae. Some authors, including van Vliet, 
Koek-Noorman, and ter Welle (1981) and van Vliet 
and Baas (1984) even include Crypteronioideae and 
Memecyloideae in the Melastomataceae sensu lato. 
But from all other Myrtales the Crypteroniaceae (at 
least the genus Axinandra) differ in the presence of 
endothelium (Tobe and Raven 1983b).

8. MEMECYLACEAE

A. P. de Candolle 1828 (including Mouririaceae 
Gardner 1840). 6/450. Pantropical.

Memecylon, Warneckea, Lijndenia, Spathandra, 
Mouriri, Votomita.

Related to Melastomataceae, but differ in the leaf 
venation, the number and size of the seeds and the 
presence of an elliptic terpenoid-producing gland on 
the staminal connective (Renner 2004).

9. MELASTOMATACEAE

A. L. de Jussieu 1789 (including Blakeaceae Barnhart 
1895, Miconiaceae C. Martius 1835, Rhexiaceae 
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Dumortier 1822). 163/4500–4570. Mainly in tropical 
and subtropical regions, especially in South 
America.

kibessieae: Pternandra (including Kibessia); 
astronieae: Astrocalyx, Astronia, Astronidium, 
Becca-rianthus; sonerileae: Anerincleistus, 
Barthea, Blastus, Bredia, Oxyspora, Poikilogyne, 
Driessenia, Neodriessenia, Ochthocharis, 
Poilannommia, Sporoxeia, Stussenia, Amphiblemma, 
Aschistanthera, Bertolonia, Boyania, Brittenia, 
Calvoa, Centradenia, Cincinobotrys, Cyanandrium, 
Dicellandra, Diplarpea, Enaulophyton, Fordiophyton, 
Gravesia, Kerriothyrsus, Macrocentrum, Monolea, 
Opisthocentra, Phyllagathis, Preussiella, Salpinga, 
Sarcopyramis, Scorpiothyrsus, Sonerila, Tateanthus, 
Triolena, Tryssophyton, Maguireanthus; merian-
ieae: Adelobotrys, Axinaea, Behuria, Benevidesia, 
Bisglaziovia, Centronia, Dolichoura, Graffenrieda, 
Huberia, Meriania, Merianthera, Neblinanthera, 
Ochthephilus, Pachy loma, Phainantha, 
Tessmannianthus; rhexieae: Rhexia; melastomeae: 
Dissotis, Acanthella, Acotis, Acisanthera, 
Amphorocalyx, Antherotoma, Appen dicularia, 
Brachyotum, Cailliella, Chaetolepis, Comolia, 
Comoliopsis, Desmoscelis, Dichaetanthera, 
Dinophora, Dionycha, Ernestia, Fritzschia, Guyonia, 
Heterocentron, Heterotis, Loricalepis, Macairea, 
Mallophyton, Marcetia, Melastoma, Melastomastrum, 
Microlepis, Monochaetum, Nepsera, Nerophila, 
Otanthera, Osbeckia, Pilocosta, Poteranthera, 
Pseudoosbeckia, Pterogastra, Pterolepis, 
Sandemania, Schwackaea, Siphanthera, Svitramia, 
Tibouchina, Tibouchinopsis, Tristemma; microl-
icieae: Lavoisiera, Bucquetia, Cambessedesia, 
Castratella, Chaetostoma, Eriocnema, Lavoisiera, 
Lithobium, Microlicia, Rhynchanthera, Stenodon, 
Trembleya; miconieae: Medinella, Alloneuron, 
Allomaieta, Anaectocalyx, Bellucia, Boerlagea, 
Calycogonium, Catanthera, Catocoryne, Chalybea, 
Charianthus, Clidemia, Conostegia, Creochiton, 
Cyphostyla, Diplectria, Dissochaeta, Henriettea, 
Henriettella, Huilaea, Killipia, Kendrickia, 
Kirkbridea, Leandra, Llewelynia, Loreya, Macrolenes, 
Maieta, Mecranium, Medinilla, Miconia, Myriaspora, 
Myrmidone, Necramium, Ossaea, Pachyanthus, 
Pachycentria, Pleiochiton, Pleithiandra, 
Pogonanthera, Tetrazygia, Tococa; blakeeae: 
Blakea, Topobea.

Closely related to the Memecylaceae.

10. LYTHRACEAE

Jaume Saint-Hilaire 1805 (including Ammaniaceae 
Horaninow 1834, Blattiaceae Engler 1892, 
Duabangaceae Takhtajan 1986, Lagerstroemiaceae J. 
Agardh 1858, Lawsoniaceae J. Agardh 1858, 
Punicaceae Horaninow 1834, Sonneratiaceae Engler 
1897). 31/600. Subcosmopolitan, but mainly tropical 
and subtropical regions, especially in America; 
 relatively few species (mostly annual or perennial 
herbs) in temperate and cold areas.

10.1 LYTHROIDEAE
Fruits usually capsular, dehiscing variously or  seldom 
indehiscent. Seeds generally more or less numerous, 
fl attened, sometimes winged, nearly or quite without 
endosperm, with straight oily embryo; cotyledons 
folded. Mostly herbs, less often subshrubs, shrubs, or 
sometimes trees; bark fl aky, mucilage cells common. 
Hairs uni- or bi-, sometimes multicellular. Branched 
foliar sclereids mostly absent. Internal phloem usually 
present. Leaves opposite, less often verticillate, rarely 
alternate, commonly entire, fl at to conduplicate, 
stipules vestigial or none. Stomata mostly anomocytic. 
Flowers bisexual, actinomorphic or sometimes more 
or less zygomorphic, with conspicuous, sometimes 
spurred fl oral tube, usually (3)4-6(-8-16)-merous. 
Sepals rather thick, valvate, appearing as valvate lobes 
of the fl oral tube, often alternating with external 
appendages at the sinuses. Petals free, attached at the 
summit or within the fl oral tube, pinnately veined, 
crumpled in bud, sometimes wanting. Stamens usually 
twice as many as the sepals or petals, in two cycles, 
rarely (Rotala) solitary or numerous and  centrifugal as 
in Lagerstroemia; fi laments more or less elongate, 
straight or incurved (the long fi laments of Lafoensia 
inrolled) in bud, usually inserted on the inside of the 
fl oral tube. Anthers versatile or seldom basifi xed. 
Pollen grains 3-colporate (some heterocolpate with 
either three or six subsidiary colpi). Gynoecium of 
2-4(-6) carpels; style fi liform,  commonly elongate, 
sometimes bent in bud, mostly with capitate stigma; 
ovary superior to inferior, often  surrounded at the base 
by an annular nectary disc (or the nectary  unilateral), 
multilocular with as many locules as  carpels, but some-
times the septa not reaching the  summit; rarely the 
ovary pseudomonomerous; placentation axile or rarely 
free-central. Ovules usually more or less numerous in 
each locule, anatropous or very rarely amphitropous. 
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Often producing quinolizidine alkaloids. n = 5, 7, 8, 
15, 24, 28. – lythreae: Rotala, Ammannia, 
Hionanthera, Peplis, Didiplis, Lythrum, Woodfordia, 
Cuphea, Pleurophora, Galpinia, Pemphis, Capuronia, 
Diplusodon, Physocalymma, Lafoensia; nesaeeae: 
Crenea, Nesaea, Heimia, Decodon, Pehria, Adenaria, 
Koehneria, Lourtella, Tetrataxis, Ginoria (including, 
Haitia); lagerstroemieae: Lagerstroemia (includ-
ing Orias), Lawsonia.

10.2 PUNICOIDEAE
Fruits with 2–3 layers of locules and a leathery  pericarp 
and persistent calyx. Seeds embedded in a pulpy mass; 
endosperm wanting, embryo with spirally rolled, large 
cotyledons. Small trees or shrubs with quadrangular 
twigs, often thorny; scattered secretory cells in the cor-
tex and pith. Vessel ray and vessel-parenchyma pits 
half-bordered. Fibers septate. Axial parenchyma scanty 
paratracheal to virtually absent. Nodes unilacunar. 
Leaves alternate to opposite, sometimes crowded at 
the tips of the twigs, estipulate. Flowers solitary or in 
fascicles terminating axillary branches, bisexual, acti-
nomorphic, with colored fl oral tube prolonged well 
beyond the ovary. Sepals 5–8, appearing as valvate 
lobes on the fl oral tube, persistent on the leathery 
hypanthium. Petals imbricate and crumpled in bud. 
Stamens numerous at the rim of the fl oral tube, devel-
oping centrifugally; fi laments slender; anthers dorsift-
xed, versatile. Pollen grains 3-colporate, with slightly 
angular mesocolpia. Gynoecium of 7-9(-15) carpels. 
Ovary inferior. Ovules more or less numerous on each 
placenta. Placentation axile (Punica protopunica) or 
the axile placentation at the base of the ovary differen-
tiates into two or three superposed upper layers that 
appear to have parietal placentation as a result of asym-
metric growth. Ovules 20–50 per locule, anatropous. 
Produing pyridine alkaloids an ellagic acid, n = 7 in 
P. protopunica and 8 in P. granatum. 1/2. From the 
Balkan Peninsula to the western Himalayas (Punica 
granatum) and on Socotra (P. protopunica). – Punica 
(including Socotria ?).

10.3 DUABANGOIDEAE
Fruits loculicidal capsules, coriaceous, more or less 
perfectly 4–8-locular, seated on the spreading leathery 
calyx. Seeds numerous, ellipsoid, testa prolonged at 
both ends into longish tails; endosperm lacking. 
Flowers in terminal umbelliform cymes, rather large, 
4-merous (Duabanga moluccana) or 5–8-merous 

(D. grandifl ora). Petals shortly clawed, broadly 
 obovate, crisped, and undulate. Stamens 12 (D. 
 moluccana) or more than 50, biseriate (D. grandifl ora), 
inserted on the fl oral tube in one or two cycles, infl exed 
in bud; anthers recurved or replicate over one end of 
the connective. Pollen grains 3-porate. Gynoecium 
of 4–8 carpels; style curved, with 4–8-lobed stigma; 
ovary 4–8-locular. Ovules numerous, on diffuse 
placentas, covering nearly the whole inner walls of 
locules. Tall, buttressed trees with drooping, 4-an-
gled ultimate branches. Leaves opposite, glaucous 
beneath,  estipulate. Vessel ray and vessel-parenchyma 
pits large and simple. Fibers not septate. Axial paren-
chyma  paratracheal. n = 12. 1/2. Southeast Asia and 
New Guinea. – Duabanga.

10.4 SONNERATIOIDEAE
Fruits indehiscent berries crowned by the style base. 
Seeds embedded in evil-smelling pulp, not tailed at the 
ends; embryo green, endosperm lacking. Flowers 1–3 
together at the tips of the ultimate, mostly pendulous 
branchlets. Petals linear or linear-lanceolate or quite 
absent. Stamens numerous, inserted on the fl oral tube 
in several cycles; anthers reniform. Disc saucer-shaped. 
Pollen grains 3-colporate. Gynoecium of 10–20 car-
pels; style with capitate stigma; ovary 10–20-locular. 
Ovules many, ascending, on axile placentas. Trees 
with trunk surrounded by aerial roots arising vertically 
as lateral, negatively geotropic branches upon often 
very long horizontal roots buried in the substratum. 
Vessel ray and vessel-parenchyma pits mostly half-
bordered. Fibers septate. Axial parenchyma absent, 
n = 12. 1/5. From coasts of East Africa and Madagascar 
to Micronesia, New Hebrides, and the Solomons, 
northern Australia and New Caledonia. – Sonneratia.

Lythraceae are a rather heterobathmic family 
( primitive characters, such as superior ovary and 
monosporic female gametophyte of Polygonum-type, 
are combined with advanced characters, such as pin-
nate venation of the petals and the dominance of herbs). 
Probably are nearest to the Crypteroniaceae and 
Memecylaceae-Melastomataceae.

11. TRAPACEAE

Dumortier 1829. 1/3 or about 15. Tropical, subtropi-
cal, and temperate regions of the Old World, except 
Australia.
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Trapa.
Related to the Onagraceae and especially to the 

Lythraceae. From the Onagraceae they differ mark-
edly in embryological characters and the absence of 
the  viscin threads on the pollen grains. From the 
Lyrthraceae they differ in semi-inferior ovary, almost 
4-merous fl owers, and the endosperm-nucleus degen-
erating soon after its formation. According to Miki 
(1959), Trapa evolved from Lythrum through the 
 sintermediate fossil genus Hemitrapa.

12. ONAGRACEAE

A. L. de Jussieu 1789 (including Circaeaceae Ruthe 
1827, Epilobiaceae Ventenat 1799, Fuchsiaceae Lilja 
1870, Isnardiaceae Martynov 1820, Jussiaeaceae 
Martynov 1820, Lopeziaceae Lilja 1870, Oenotheraceae 
C. C. Robin 1807). 17/680. Widespread in tropical, 
subtropical, and temperate regions, especially in the 
New World, where they are centered in southwestern 
North America.

12.1 JUSSIAEAOIDEAE
Flowers 4–5-merous, hypanthium absent. Nectary on 
gynoecium; style short, stigma capitate. – jussiaeeae: 
Ludwigia (including Jussiaea).

12.2 ONAGROIDEAE
Flowers 4-merous (2-merous in Circaea),  hypanthium 
long. Style short, stigma divided, dry, n = 9–11. – hau-
yeae: Hauya; fuchsieae: Fuchsia; circaeeae: 
Circaea; lopezieae: Lopezia; gongylocarpeae: 
Gongylocarpus; epilobieae: Chamerion, Epilobium 
(including Boisduvalia, Chamaenerion and 
Zauschneria); onagreae: Xylonagra, Clarkia, 
Gayophytum, Camissonia, Oenothera, Calylophus, 
Stenosiphon, Gaura, Megacorax.

A very distinctive family (Dahlgren and Thorne 
1984) that reveals some similarities with the 
Lythraceae s. str.

13. MYRTACEAE

A. L. de Jussieu 1789 (including Chamelauciaceae 
F. Rudolphi 1830; Heteropyxidaceae Engler et Gilg 
1920; Kaniaceae Nakai 1943; Leptospermaceae 
F. Rudolphi 1830; Melaleucaceae Vest 1818; 

Myrrhiniaceae Arnott 1839; Psiloxylaceae Croizat 
1961). 131/4000–4600. Tropical and partly subtropical 
and warm-temperate regions, mainly in Australia, but 
also in South America.

Classifi cation after P. G. Wilson et al. (2005).

13.1 PSILOXYLOIDEAE
Plants dioecious. Leaves alternate or pseudo- alternate 
(disjunct-opposite), secretory cavities present (but 
not containing essential oils in Psiloxylon). Stamens 
not infl exed in bud, anthers 4-locular. Stigma in 
female fl owers (but not in pistillodia) with fl eshy, 
 fl attened lobes or capitate. Female gametophyte of 
Allium-type. Fruits punctate, many-seeded berries, 
seed unwinged (Psiloxylea) or 2(3)-valved loculicidal 
capsules, seed winged (Heteropyxideae), n = 12. – 
psiloxylea: Psiloxylon; heteropyxideae: 
Heteropyxis.

13.2 MYRTOIDEAE
Plants with bisexual fl owers, rarely andromonoecious. 
Leaves opposite or spirally arranged; secretory cavi-
ties present, containing essential oils. Stamens infl exed 
in bud, anthers 2-locular, terpenoid-containing glands 
in the apex of the connective, stigma dry. Female 
gametophyte of Polygonum-type. Fruits indehiscent, 
pericarp usually fl eshy; seeds usually with sclerotic 
testa. Polyhydroxyalkaloids present, n = 11. –xan-
thostemoneae: Xanthostemon, Pleurocalyptus, 
Purpureostemon; lophostemoneae: Lophos temon, 
Welchiodendron, Kjellbergiodendron,  Whiteo dendron; 
osbornieae: Osbornia; melaleuceae: Beaufortia, 
Callistemon, Calotham nus, Eremaea, Lamarchea, 
Melaleuca, Petraeomyrtus, Phymatocarpus, Regelia; 
kanieae: Barongia, Basisperma, Kania, Lysicarpus, 
Mitrantia, Ristantia, Sphaerantia, Tristaniopsis; back-
housieae: Backhousia, Choricarpia; metro sidereae: 
Carpolepis, Mearnsia, Metrosideros, Tepualia; trist-
anieae: Tristania, Thaleropia, Xanthomyrtus; syzy-
gieae: Acmena, Acmenosperma, Anetholea, Syzygium 
(including Aphanomyrtus), Waterhousea; myrteae: 
Acca, Feijoa, Accara, Amomyrtella, Amomyrtus, 
Archirhodomyrtus, Austromyrtus, Blephar oxalyx, 
Calycolpus, Calycorectes, Calyptranthes, Campo-
manesia, Chamguava, Decaspermum, Eugenia 
(including Monimiastrum), Gomidesia, Gossia, 
Hexachlamys, Legrandia, Lithomyrtus, Lophomyrtus, 
Luma, Marlierea, Meteo romyrtus, Mosiera, 
Myrceugenia, Myrcia, Myrcianthes, Myrciaria, 
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Myrrhinium, Myrtastrum, Myrtella, Myrteola, Myrtus, 
Neomitranthes, Neomyrtus, Octamyrtus, Pilidiostigma, 
Pimenta, Plinia, Psidium, Rhodamnia, Rhodomyrtus, 
Siphoneugenia, Stereocaryum, Ugni, Uromyrtus; 
eucalypteae: Allosyncarpia, Angophora, Arillastrum, 
Corymbia, Eucalyp topsis, Eucalyptus, Stockwellia; 
syncarpieae: Syncarpia; lindsayomy rteae: 
Lindsayomyrtus; leptospermeae: Agonis, 
Angasomyrtus, Asteromyrtus, Homalospermum, 
Kunzea, Leptospermum, Neofabricia, Pericalymma; 
chamelaucieae: Actinodium,Aluta, Astartea, 
Babingtonia, Baeckea, Balaustion, Calytrix, Chame-
laucium, Coryanthera, Darwinia, Euryomyrtus, 
Homalocalyx, Homoranthus, Rylstonea, Hypocalymma, 
Malleostemon, Micromytrus, Ochrosperma, Pilean-
thus, Rinzia, Scholtzia, Thryptomene, Triplarina, 
Verticordia.

According to Johnson and Briggs (1984: 752), 
intra-familial phylogeny in the Myrtaceae “is decid-
edly inconsistent with recognition of the two tradi-
tional subfamilies Myrtoideae and Leptospermoideae, 
not to mention Chamelaucioideae.”

14. VOCHYSIACEAE

A. Saint-Hilaire 1820 7/210. Mostly tropical America 
and the West Indies, but Erismadelphus (3) and 
Korupodendron in tropical West Africa.

14.1 VOCHYSIOIDEAE (subfam. nov.: Tribe 
Vochysieae Dumortier, Anal. Fam. Pl.: 41. 1829)

Ovary superior, 3-locular. Ovules two to many. 
Fruit loculicidal capsule. Seeds winged; embryo with 
two convolute cotyledons. – Vochysia, Salvertia, 
Qualea (including Ruizterania), Callisthene.

14.2 ERISMOIDEAE (subfam. nov.: Tribe Erismeae 
Dumortier, Anal. Fam. Pl.: 41. 1829)

Ovary inferior, 1-locular. Ovules 1–2, lateral to api-
cal. Fruit winged, samaroid, with persistent enlarged 
calyx. Seeds not winged; testa undifferentiated, with 
vascular bundles; embryo with two planoconvex coty-
ledons. – Erisma, Erismadelphus, Korupodendron.

Have many similarities with the Myrtaceae both in 
wood anatomy and in fl oral morphology (see Dahlgren 
and Thorne 1984). The affi nity with Myrtaceae is well 
supported by molecular data (Soltis 2006).
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Superorder FABANAE

Order 88. FABALES

Trees, shrubs, subshrubs, and perennial and annual 
herbs, with a great variety of habit, including lianas, 
aquatics, and xerophytes, mostly bearing root nodules 
containing nitrogen-fi xing bacteria; secretory cells 
common. Vessels with simple perforations; lateral 
 pitting alternate; vessels with vestured pits, or without 
vestured pits. Fibers mostly or all with small, simple 
pits, sometimes septate. Rays homogeneous or hetero-
geneous. Axial parenchyma commonly abundant, 
mostly paratracheal. Sieve-element plastids mostly of 
P-type, less often and only in some Faboideae (such as 
Phaseolus, Vigna, and a few other genera) of S-type. 
Nodes trilacunar or less often pentalacunar. Leaves 

evergreen or deciduous, minute to very large, alternate 
or rarely opposite, pinnately or less often palmately 
compound, seldom trifoliolate or unifoliolate, petiolate 
to sessile, usually with stipules that are sometimes 
modifi ed into prickles or spines; leaf mesophyll cells 
contain oil bodies. Stomata anomocytic, paracytic, 
anisocytic, tetracytic, or cyclocytic. Flowers in 
racemes, corymbs, spikes, or heads, bisexual or rarely 
unisexual, actinomorphic (Mimosoideae) or more 
often zygomorphic, mostly 5-merous. Sepals (3-)5(6), 
free or more often more or less connate, valvate 
(Mimosoideae) or imbricate, seldom very reduced. 
Petals typically fi ve, rarely reduced to one or even 
absent, free or two anterior ones basally connate 
(Mimosoideae), valvate (Mimosoideae) or imbricate. 
Stamens mostly ten (sometimes numerous in 
Mimosoideae), less often nine, sometimes fewer 
(50–100); when stamens 50–100 they free or fused 
into tube, or when stamens ten, free or fused, or nine 
fused with darsal stamen distinct (Seigler 2004); 
anthers tetrasporangiate, introrse or latrorse, basifi xed 
or dorsifi xed, appendaged or unappendaged, opening 
longitudinally or infrequently by apical pores, some-
times with an apical deciduous gland. Nectary often 
surrounding ovary, ring-shaped. Tapetum secretory. 
Microsporogenesis simultaneous. Pollen grains in 
monads, tetrads, or polyads, 2-celled or less often 
3-celled, mostly 3-colporate. Gynoecium nearly always 
of one carpel, rarely of two or more (up to 16) free 
carpels, with a terminal stylodium that has a capitate 
stigma and with two to many ovules per carpel. Ovary 
superior, sessile to stipitate. Ovules mostly anatropous 
or campylotropous, less often hemitropous or 
 amphitropous, pendulous to ascending, bitegmic (the 
micropyle mostly formed by both integuments), or 
very rarely (some species of Luplnus) unitegmic, 
crassinucellate or rarely (e.g., in some species of 
Lathyrus, Lupinus, and Robinia) tenuinucellate; funi-
cle often rather long or stout; micropyle zig-zag. 
Endothelium often present in some genera of the 
Faboideae. Female gametophyte mostly of Polygonum-
type, but in some Faboideae it is of Allium-type. 
Endosperm nuclear. Fruits typically legumes, but 
sometimes of various other types. Seeds small to very 
large, arillate or not, exotestal (exotesta palisade), 
sometimes winged; mesotesta of stellate cells; seed 
coat undistinguished; embryo large, straight or more or 
less curved, often green; endosperm mostly lacking or 
varies from a trace adnate to the inner seed coat and 
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adjacent to the radicle to seldom copious one; cotyle-
dons two, usually fl at. Generally producing proantho-
cyanins and sometimes cyanogenic, often producing 
alkaloids, especially of the pyridine, quinolizidine, and 
indole groups; fl avonols mostly present, n = 7, with 
n = 14 established early in their evolution with subse-
quent aneuploid reduction leading to low diploid 
 numbers in specialized tribes (Goldblatt 1981).

Many authors have placed the Fabales (Leguminosae) 
near Rosales sensu lato or even include them in that 
group. But Corner (1976:36), rejected the affi nity 
between them on the basis of Comparative seed 
 anatomy. “I see no reason to subordinate Leguminous 
ancestry to Rosalean,” states Corner. According to 
Dickison (1981: 49), “The legumes differ from 
Rosalean taxa by possessing vestured pits in the sec-
ondary xylem, a character which tends to isolate the 
family from other rosalean taxa.” In his opinion the 
presence of relictual apocarpy in the Leguminosae 
“links the family nicely with the Connaraceae.” I agree 
that Fabales and Oxalidales are somewhat related. 
Both orders had a common origin from the archaic 
members of the Rosanae but represent two different 
clades.

1. FABACEAE

Lindley 1836 or Leguminosae A.L. de Jussieu 1789, 
nom. altern. (including Aspalathaceae Martynov 1820, 
Astragalaceae Martynov 1820, Bauhiniaceae Martynov 
1820, Caesalpiniaceae R. Brown 1814, Cassiaceae 
Vest 1818, Ciceraceae Steele 1847, Coronilloaceae 
Martynov 1820, Detariaceae J.Hess 1832, Galedupaceae 
Martynov 1820, Hedysaraceae Oken 1826, 
Inocarpaceae Zollinger 1854–1855, Lathyraceae 
Burnett 1835, Lotaceae Oken 1826, Mimosaceae 
R. Brown 1814, Papilionaceae Giseke 1792, 
Phaseolaceae C. Martius 1835, Robiniaceae Vest 1818, 
Sophoraceae J. Weinmann 1824, Swartziaceae Bartling 
1830, Tamarindaceae Berchtold and J. Presl 1820, 
Viciaceae Berchtold and J. Presl 1820). 760–
786/17.500–18.000. Subcosmopolitan; Faboideae is 
the only one of the 4 subfamilies that is widely distrib-
uted in temperate and cold areas.

1.1. CAESALPINIOIDEAE
Mainly in tropical and subtropical regions, with  several 
genera represented in temperate areas. Trees and shrubs, 

sometimes scandent, or lianas, rarely  subshrubs and 
herbs, N-fi xing, often with ectotrophic mycorrhizae. 
Leaves bipinnate or pinnate, rarely  unifoliolate or sim-
ple. Stomata mostly paracytic or  anomocytic. Flowers 
usually more or less zygomorphic. Sepals mostly fi ve, 
generally free (except in Cercideae), imbricate or rarely 
valvate. Petals four or less, sometimes wanting, 
 imbricate-ascending: the adaxial (uppermost) petal 
 overlapped by the pair of adjacent lateral petals when 
these are present. Stamens generally ten, rarely more 
(up to 100 in Maniltoa), often less (to  solitary); fi la-
ments free or less often variously connate, but not usu-
ally forming a defi nite sheath around the gynoecium. 
Pollen grains usually in monads or very rarely in tet-
rads. Gynoecium always monomerous, mostly on at 
least short gynophore, which in some taxa becomes 
much elongated. Ovules anatropous, or sometimes 
campylotropous, with a funiculus often much thickened 
and arilloid. Seeds usually without a hilar groove, and 
usually with a straight radicle. Endosperm present or 
wanting. Plants are often rich in tannins, and contain 
resins produced by secretory cells; n = 7 with tetraploid 
n = 7, 8, 12, 14. – cercideae: Cercis, Adenolobus, 
Griffonia, Brenierea, Bauhlnia, Gigasiphon, Tylosema, 
Barklya, Lysiphyllum, Phanera, Lasiobema, Piliostigma; 
detarieae: Neoapaloxylon, Schotia, Barnebydendron 
(Phyllocarpus), Goniorrhachis, Brandezeia, Oxystigma, 
Kingiodendron, Gossweilerodendron, Priori, Colophos-
permum, Hardwickia, Daniellia, Eurypetalum, Eperua, 
Augouardia, Stemonocoleus, Peltogyne, Hymenaea, 
Guibourtia, Hylodendron, Gilletiodendron, Baikiaea, 
Tessmannia, Sindora, Sindoropsis, Copaifera, Pseudosin-
dora, Detarium, Endertia, Lysidice, Saraca, Leucostegane, 
Talbotiella, Scorodophloeus, Crudia, Lebruniodendron, 
Plagiosiphon, Micklethwaitia, Maniltoa, Cynometra, 
Tamarindus, Intsia, Afzelia, Brodriguesia, Loesenera, 
Neochevalierodendron, Normandiodendron, Zen kerella, 
Humboldtia, Hymenostegia, Leonardoxa, Amherstia, 
Ecuadendron, Paloue, Paloveopsis, Brachycylix, 
Heterostemon, Eliza betha, Brownea, Browniopsis; 
macrolo bieae: Macrolobium, Paramacrolobium, 
Cryptosepalum, Dicymbe, Polyste monanthus, Pseudoma-
crolobium, Englerodendron, Anthonotha, Berlinia, 
Westia, Librevillea, Didelotia, Bathieae, Pellegrinio-
dendron, Gilbertlodendron, Isober linia, Oddonioden-
dron, Microberlinia, Julber nardia (including 
Paraberlinia, Pseudoberlinia), Thyla canthus, Brachys-
tegia, Tetraber linia, Bikinia, Icuria, Aphanocalyx, 
Michelsonia; cassieae: Duparquetia, Poeppigia, 
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Baudouinia, Eligmocarpus, Mendoravia, Distemo-
nanthus, Apuleia, Storckiella, Labichea, Petalostylis, 
Koompassia, Martiodendron, Andro calymma, Kalappia, 
Zenia, Uittienia, Dialium, Dicorynia, Chamaecrista, 
Senna, Cassia; caesalpinieae: Gymnocladus, 
Gledltsia, Umtiza, Tetraptero carpon, Arcoa, Acrocarpus, 
Ceratonia, Pterogyne, Haematoxylum, Cordeauxia, 
Stuhlmannia, Mezoneuron, Pterolobium, Tara, Coulteria, 
Caesalpinia, Pomaria, Erythrostemon, Poincianella, 
Monopetalanthus, Ceno stigma, Guilandina, Libidibia, 
Stahlia, Hoffmannseggia, Stenodrepanum, Zuccagnia, 
Lophocarpinia, Balsamo carpon, Moullava, Batesia, 
Recordoxylon, Melanoxylon, Moldenhawera, Tachigali, 
Sclerolobium, Aparatiella, Jacqueshuberia, Schizolo-
bium, Bussea, Peltophorum, Parkinsonia, Conzattia, 
Delonix, Colvillea, Lemuropsium, Pachy elasma, 
Erythrophleum, Dimorphandra, Mora, Burkea, 
Stachyothyrsus, Sympetalandra, Campsiandra, Chid lowia, 
Diptychandra, Orphanodendron, Vouacapoua.

1.2 MIMOSOIDEAE
Mainly in tropical and subtropical regions with several 
genera penetrating into temperate areas. Trees and shrubs 
(rarely lianous), shrubs, or rarely herbs, sometimes 
aquatic (Neptunia). Leaves mostly bipinnate, less often 
pinnate, sometimes transformed into phyllodia. Flowers 
usually actinomorphic, often small, at least as to the 
corolla. Sepals imbricate (Parkieae and Mimozygantheae) 
or more often valvate, free or more often connate at the 
base. Petals  usually fi ve, often  connate below to form a 
tube, valvate or rarely (Dinizia) imbricate. Stamens as 
many or twice as many as the petals or more often 
 numerous, free or more or less connate, often colored and 
long-exerted. Extrafl oral nectarines present. Pollen grains 
in diads, tetrads or polyads. Gynoecium monomerous or 
rarely (Affonsea and Archidendron) of several free 
 carpels. Ovules mostly  anatropous, often with long and 
slender funicle, in some cases with funicular aril. 
Endosperm with thickened walls or absent. Embryo 
straight; radicle short, thick; cotyledons usually without 
starch grains. Often with uncommon amino acids in seeds 
(but not canavanine). – mimoseae: Dinizia, Pentaclethra, 
Aubrevillea, Adenanthera, Tetrapleura, Amblygonocarpus, 
Pseudoprosopis, Calpocalyx, Xylia, Piptadeniastrum, 
Entada, Elephantorrhiza, Plathymenia, Indopiptadenia, 
Lemurodendron, Newtonia, Fillaeopsis, Cylicodiscus, 
Prosopis, Lagonychium, Xeroclada, Prosopidastrum, 
Piptadeniopsis, Neptunia, Leucaena, Schleinitzia, 
Desmanthus, Kanaloa, Calliandropsis, Affonsea, 

Gagnebina, Dichrostachys, Alantsilodendron, 
Anadenanthera, Pseudopiptadenia, Piptadenia, Parapip-
tadenia, Microlobus, Stryphnodendron, Adenopodia, 
Mimosa; parkieae: Parkia; mimozygantheae: 
Mimozyganthus; acacieae: Acacia; ingeae: Faidherbia, 
Zapoteca, Guinetia, Calliandra, Viguieranthus, 
Macrosamanea, Cojoba, Obolinga, Inga, Cedrelinga, 
Zygia, Marmaroxylon, Archidendron, Falcataria, 
Serianthes, Paraserianthes, Goldmania, Schrankia, 
Archidendropsis, Wallaceodendron, Pararchidendron, 
Hydrochorea, Abarema, Punjuba, Blanchetiodendron, 
Leucochloron, Chloroleucon, Cathormion, Thailen-
tadopsis, Sphinga, Havardia, Ebinopsis, Painteria, 
Pithecelloblum, Hesperalbizia, Pseudosamanea, 
Samanea, Albizia, Enterolobium, Lysiloma.

1.3 FABOIDEAE (Papilionoideae)
Widely distributed in tropical, subtropical,  temperate, 
and cold regions. Trees, shrubs, subshrubs, and herbs 
of widely varying habit. Root nodules are regularly 
formed as in most Mimosoideae and unlike most 
Caesalpinioideae. Leaves pinnately or less often pal-
mately once compound or trifoliolate, seldom 
 unifoliolate or simple. Flowers strongly zygomorphic. 
Sepals mostly connate below, forming a tube, imbri-
cate. Petals fi ve, free, imbricate-ascending: the adaxial 
petal (vexillum) embrace in bud (except Swartzieae 
and Sophoreae p. p.), two mostly free lateral petals 
(alae) in their turn embrace two lower (innermost) 
 petals connated distally to form a keel (carina) 
 enfolding the androecium and gynoecium. Stamens 
mostly 10, rarely 9–5; fi laments usually connate to 
form an open or closed sheath around the gynoecium, 
the uppermost one often more or less separate from the 
others so that the androecium is diadelphous, or the 
uppermost stamen sometimes obsolete, or sometimes 
the fi laments all free. Pollen grains in monads. 
Gynoecium monomerous. Ovules mostly more or less 
campylotropous, with a short funicle. Seeds bean-
shaped with round or usually more or less elongate 
hilum with a median groove, typically with rim aril; 
embryo mostly curved with long, curved radicle 
(except Sophoreae), with well-developed suspension, 
bent; endosperm usually absent, when present thick-
walled. Able to produce quinolizidine alkaloids and 
isofl avones as well as nonprotein amino acids, such as 
canavanine, not found elsewhere. n = 7–16, mostly 
14. – swartzieae: Bobgunnia, Bocoa, Swartzia, 
Candolleodendron, Trischidium, Cyathostegia, Ateleia, 
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Amburana, Mildbraediodendron, Cordyla, Aldina, 
Zollernia, Holocalyx, Lecointea, Harleyodendron, 
Exostyles, Baphiopsis; sophoreae: Alexa, Castanos-
permum, Angylocalyx, Xanthocercis, Dussia, 
Myrocarpus, Myroxylon, Myrospermum, Monopteryx, 
Cladrastis, Styphnolobium, Calia, Uribea, Sweetia, 
Leutzelburgia, Ormosia, Haplormosia, Pericopsis, 
Acosmium, Bowdichia, Diplotropis, Clathrotropis, 
Petaladenium, Sakoanala, Neoharmsia, Bolusanthus, 
Platycelyphium, Dicraeopetalum, Cadia, Ammodendron, 
Ammothamnus, Maackia, Sophora, Pseudosophora, 
Goebelia, Keyserlingia, Salweenia, Camoensia, 
Dalhousiea, Airyantha, Leucomphalos, Bowringia, 
Baphia, Baphiastrum, Amphimas, Panurea, Spirotropis, 
Uleanthus; dipteryxeae: Dipteryx, Taralea, Pterodon; 
brongniartieae: Cyclolobium, Poecilanthe, Harpalyce, 
Brongniartia, Plagiocarpus, Templetonia, Hovea, 
Cristonia, Thinicola, Lamprolobium; euchresteae: 
Euchresta; thermopsideae: Pickeringia, Ammo-
piptanthus, Anagyris, Piptanthus, Thermopsis, 
Baptisia; podalyieae: Cyclopia, Xiphotheca, 
Amphithalea, Coelidium, Stirtonanthus, Podalyria, 
Liparia, Priestleya, Virgilia, Calpurnia; crotalar-
ieae: Spartidium, Lebeckia, Wiborgia, Rafnia, 
Aspalathus, Lotononis (including Buchenroedera), 
Bolusia, Crotalaria, Pearsonia, Rothia, Robinsiophyton; 
genisteae: Melolobium, Dichilus, Polhillia, 
Argyrolobium, Calispepla, Lupinus, Anarthrophyllum, 
Sellocharis, Adenocarpus, Cytisophyllum, Argyrocytisus, 
Petteria, Laburnum, Podocytisus, Hesperolaburnum, 
Cytisus, Chamaecytisus, Corothamnus, Sarothamnus, 
Lembotropis, Calicotome, Echinospartum, Erinacea, 
Retama, Gonocytisus, Genista, Genistella, Teline, 
Spartium, Stauracanthus, Ulex; amorpheae: Apopla-
nesia, Parryella, Amorpha, Errazuriza, Eysenhardtia, 
Psorothamnus, Marina, Dalea; dalbergieae: 
Vatairea, Vataireopsis, Hymenolobium, Andira, 
Amicia, Zornia, Poiretia, Nissolia, Chaetocalyx, 
Riedeliella, Discolobium, Cranocarpus, Brya, 
Platymiscium, Platypodium, Inocarpus, Maraniona, 
Tipuana, Ramorinoa, Centrolobium, Paramachaerium, 
Etaballia, Pterocarpus, Cascaronia, Geoffroea, 
Fissicalyx, Fiebrigiella, Chapmannia, Arthocarpum, 
Pachecoa, Stylosanthes, Arachis, Grazielodendron, 
Dalbergia (including Coroya), Machaerium; adesmieae: 
Adesmia; aeschynomeneae: Aeschynomene, 
Cyclocarpa, Soemmeringia, Smithia, Kotschya, 
Humularia, Bryaspis, Geissaspis, Pictetia, Belairia, 

Diphysa, Zygocarpum, Ormocarpum, Ormocarpopsis, 
Peltiera, Weberbauerella; hypocalypteae: 
Hypocalyptus; mirbelieae: Gompholobium, Burtonia, 
Sphaerolobium, Daviesia, Erichsenia, Viminaria, 
Isotropis, Jacksonia, Leptosema, Latrobea, Euchilopsis, 
Phyllota, Otion, Aotus, Urodon, Stonesiella, Almaleea, 
Eutaxia, Dillwynia, Pultenaea, Mirbelia, Chorizema, 
Oxylobium, Podolobium, Callistachys, Gastrolobium, 
Brachysema, Burgesia, Nemicia, Jansonia, Cupulanthus; 
bossiaeeae:, Goodia, Bossiaea, Platylobium, 
Muelleranthus, Ptychosema, Aenictophyton; indigo-
fereae: Phylloxylon, Cyamopsis, Indigastrum, 
Microcharis, Rhynchotropis, Vaughania, Indigofera; 
millettieae: Callerya, Padbruggea, Whitfordiod-
endron, Antheroporum, Endosamara, Sarcodum, 
Afgekia, Wisteria, Austrosteenisia, Leptoderris, 
Dalbergiella, Aganope, Ostryocarpus, Xeroderris, 
Fordia, Dewevrea, Platysepalum, Sylvichadsia, 
Scheffl erodendron, Craibia, Disynstemon, Platycyamus, 
Kunstleria, Burkilliodendron, Craspedolobium, 
Philenoptera, Hesperothamnus, Piscidia, Dahlstedtia, 
Deguelia, Lonchocarpus, Willardia, Behaimia, 
Bergeronia, Margaritolobium, Muellera, Derris, 
Paraderris, Millettia, Pongamia, Neodunnia, 
Pongamiopsis, Pyranthus, Chadsia, Mundulea, 
Tephrosia (including Cracca), Apurimacia, 
Paratephrosia, Requienia, Ptycholobium; abreae: 
Abrus; phaseoleae: Dioclea, Luzonia, Macropsy-
chanthus, Canavalia, Cymbosema, Cleobulia, 
Camptostema, Cratylia, Galactia, Collaea, Lackeya, 
Rhodopis, Neorudolphia, Cruddasia, Ophrestia, 
Pseudoeriosema, Clitoria, Barbieria, Centrosema, 
Periandra, Clitoriopsis, Apios, Cochlianthus, Shuteria, 
Mastersia, Diphyllarium, Mucuna (including 
Stizolobium), Kennedia, Hardenbergia, Vandasina, 
Spatholobus, Butea, Meizotropis, Adenodolichos, 
Paracalyx, Bolusafra, Carrissoa, Chrysoscias, 
Rhynchosia, Baukea, Eriosema, Dunbaria, Cajanus 
(including Atylosia, Endomallus), Flemingia, 
Erythrina, Psophocarpus, Dysolobium, Otoptera, 
Decorsea, Strongylodon, Colopogonium, Cologania, 
Pachyrhizus, Herpyza, Neurautanenia, Neonotonia, 
Teyleria, Dumasia, Pueraria, Nogra, Eminia, 
Sinodolichos, Pseudeminia, Pseudovigna, Amphi-
carpaea, Teramnus, Glycine, Phylacium, Neocollettia, 
Wajira, Sphenostylis, Nesphostylis, Alistilus, 
Austrodolichos, Dolichos, Macrotyloma, Dipogon, 
Lablab, Spathionema, Vatovaea, Physostigma, Vigna, 
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Oxyrhynchus, Phaseolus, Ramirezella, Strophostyles, 
Dolichopsis, Macroptilium, Mysanthus, Oryxis; des-
modieae: Campylotropis, Kummerowia, Lespedeza, 
Dendrolobium, Phyllodium, Ougeinia, Aphyllodium, 
Dicerma, Ohwia, Hanslia, Arthroclianthus, Nephro-
desmus, Tadehagi, Akschindlium, Droogmansia, 
Monarthrocarpus, Trifi dacanthus, Desmodium, 
Podocarpium, Codariocalyx, Hylodesmum, Hegnera, 
Pseudarthria, Pycnospora, Mecopus, Uraria, 
Urariopsis, Christia, Alysicarpus, Desmodiastrum, 
Melliniella, Leptodesmia, Eleiotis; psoraleeae: 
Otholobium, Psoralea, Hallia, Orbexilum, Hoita, 
Rupertia, Psoralidium, Pediomelum, Bituminaria, 
Cullen, sesbanieae: Sesbania, Glottidium; loteae: 
Hippocrepis, Scorpiurus, Securigera, Coronilla, 
Podolotus, Anthyllis, Hymenocarpos, Pseudolotus, 
Antopetitia, Hosackia, Ornithopus, Dorycnopsis, 
Kebirita, Ottleya, Acmispon, Syrmatium, Lotus, 
Dorycnium, Tetragonolobus, Tripodion, Hamma-
tolobium, Cytisopsis; robinieae: Hebsetigma, 
Lennea, Gliricidia (including Yucaratonia), 
Hybosema, Poitea (including Sauvallella), Sabinea, 
Notodon, Corynella, Bembicidium, Olneya, Robinia, 
Poissonia (including Noecracca), Coursetia, Peteria, 
Genistidium, Sphinctospermum; galegeae: 
Glycyrrhiza, Meristo tropis, Chesneya, 
Spongiocarpella, Gueldenstaedtia, Tibetia, Erophaca, 
Oxytropis, Biserrula, Astragalus (including 
Neodielsia), Astracantha, Ophiocarpus, Barnebyella, 
Colutea, Oreophysa, Smirnowia, Eremosparton, 
Sphaerophysa, Lessertia, Sutherlandia, Swainsona, 
Montigena, Clianthus, Streblorrhiza, Galega; carmi-
chaelieae: Carmichaelia, Notospar tium, 
Chordospartium, Corallospartium; hedysareae: 
Calophaca, Caragana, Halimodendron, Alhagi, 
Eversmannia, Hedysarum, Corethrodendron, Sulla, 
Taverniera, Onobrychis, Stracheya, Sartoria, Ebenus; 
cicereae: Cicer; trifolieae: Parochetus, Trifolium, 
Lupinaster, Amoria, Chrysaspis, Ononis, Melilotus, 
Trigonella, Factorovskya, Medicago, Radiata; vicieae 
(fabeae): Vicia, Lathyrus, Lens, Pisum, Vavilovia;

The most archaic genera of the family seem to be 
diverse extratropical woody Caesalpinioideae – 
Gleditsia, Gymnocladus, Ceratonia – Zenia, and 
Cercis (Polhillet al. 1981: 2; Tucker 2002). It is there-
fore preferable to begin the system of classifi cation of 
Fabaceae with the subfamily Caesalpinioideae. The 
most archaic tribes are Caesalpinieae, Cassieae, and 

Cercideae. Partial helical order of fl oral initiation is 
common among Caesalpinioideae, and Gleditsia 
and Ceratonia are known to have helical order through-
out organ initiation (Tucker 1991). According to 
Goldblatt (1981: 455), “x = 7 would seem basic for 
Caes alpinioideae, with the retention of ancestral 
 diploidy only in Cercis. Polyploidy apparently became 
established early in the evolution of the subfamily with 
n = 14 basic in one line and n = 12 in a second more 
specialized and derived line.”

Mimosoideae are closely linked to the 
Caesalpinioideae. According to Elias (1981: 143), the 
apparent link is between the caesalpinioid genus 
Dimorphandra and the mimosoid Pentaclethra. Both 
of them have similar bipinnate leaves, elongated spikes 
or often paniculate infl orescences, small, actinomor-
phic, bisexual fl owers with imbricate sepals, fi ve 
 fertile, alternisepalous stamens, fi ve or more stamino-
dia, and pollen grains in monads. According to 
Goldblatt (1981: 455), Mimosoideae are evidently of 
tetraploid origin, with x = 14 and 13 frequent. In his 
opinion the closest ally of Mimosoideae is probably 
the Erythrophleum group of Caesalpinioideae. On 
the other hand, as Polhill (1981: 191) noticed, there are 
genera in Swartzieae and Sophoreae with open radial 
fl owers, no apparent hilar groove, and a general 
 similarity to some genera in the Caesalpinieae. The 
less advanced position in the subfamily is occupied by 
Swartzieae and Sophoreae.
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Order 89. POLYGALALES

Trees, sometimes (Xanthophyllum) up to 50 tall, or 
more often shrubs, woody lianas (Balgoya up to 30 m 
length), and perennial or annual herbs, very rarely 
(Epirixanthes) achlorophyllous parasites; plants 
unarmed, glabrous or with simple unicellular or 
 sometimes uniseriate hairs; bearing essential oils 
or without essential oils. Xylem with tracheids (e.g. 
Diclidanthera), or without tracheids. Vessels with 
simple perforations; lateral pitting usually alternate. 
Fibers with bordered pits. Rays heterogeneous. Axial 
parenchyma mainly paratracheal, rarely 
(Xanthophyllum and Moutabea) apotracheal. Sieve-
element plastids of S-type. Nodes unilacunar with one 
trace. Leaves usually alternate, rarely (some Polygala) 
opposite or verticillate, leathery or membranous, 
sometimes reduced to scales (Salomonia and some 
spp. of Polygala), simple, sometimes gland-dotted, 
stipulate or estipulate, stipules intrapetiolar, free of 
one another, often scaly, or spiny, or represented by 
glands. Stomata anomocytic or seldom paracytic, or 
anisocytic. Flowers in terminal or axillary racemes, 
spikes or panicles, or rarely solitary in the axil, bracte-
ate and almost always bibracteolate, bisexual, or 
(Balgoya) functionally unisexual, usually strongly 
zygomorphic. Sepals fi ve, imbricate free or rarely 
basally connate (sometimes only lower or upper ones 
connate); the two lateral (inner) sepals much larger 
and petaloid. Petals free or more often adnate to sta-
mens to form a common tube, sometimes fi ve, but 
more often the two lateral ones much reduced or com-
pletely aborted, so that there are only three evident 
petals – two upper ones and one lower median one, the 
latter (carina) large, boat-shaped, and often  apically 
fringed. Stamens (2-) 3–10, basically ten in two cycles, 
but the median member of each cycle usually sup-
pressed and the number of stamens is commonly 8, or 
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as a result of further reduction sometimes 7–4 or even 
only 3; fi laments generally more or less connate into a 
cleft tube, that is more or less adnate to petals; anthers 
1–2-locular, basifi xed or (Xanthophyllum) more or 
less dorsifi xed, tetrasporangiate or disporangiate, 
opening by one or two apical or subapical pores or 
very short slits, or less often by long longitudinal slits 
(as in Xanthophyllum), or by longitudinal valves. 
Tapetum secretory. Microsporogenesis simultaneous. 
Pollen grains 2–3-celled, 3-colporate, polycolporate, 
often synorate. Intrastaminal nectaries present or 
(Moutabeoideae) absent. Gynoecium of 2–5(-8) united 
carpels; stylodia connate into a usually curved and 
commonly apically 2-lobed style, one lobe stigmatic, 
and the other with a tuft of hairs; ovary superior, 
2-multilocular with  parietal placentas and stipitate 
(Xanthophyllum), sometimes pseudomonomerous (as 
in Securidaca) and 1-locular, each locule with (1)2–
5(-8) or (Xanthophyllum) 4–40 ovules. Ovules 
 anatropous or hemitropous, epitropous, pendulous, 
bitegmic, crassinucellate; micropyle zig-zag (exos-
toma often long). Female gametophyte of Polygonum-
type. Endosperm nuclear. Fruits mostly loculicidal 
capsules, less often samara, nuts, drupes, or berries. 
Seeds often hairy, often with a caruncle, arillate or 
exarillate; testa multiplicative, exotesta subsclerotic, 
endotestal cells more or less palisade or not, 
U-thickened (Plisco 2000); embryo straight,  sometimes 
(Polygala sp.) green;  cotyledons two, planoconves; 
endosperm copious, oily, scanty or wanting. Contain 
commonly alkaloids, fl avonols (kaempferol and quer-
cetin), often saponins, commonly accumulating 
 aluminum, n = 5–14(-17).

Evidently related to the Fabales (see Soltis et al. 2006).

1. POLYGALACEAE

Hoffmannsegg et Link 1809 (including Diclidan-
theraceae J. Agardh 1858, Moutabeaceae Endlicher 
1841, Xanthophyllaceae Gagnepain ex Reveal et 
Hoogland 1990). 21/950–1000. Nearly cosmopolitan, 
except for the Arctic, Polynesia, and New Zealand.

1.1 MOUTABEOIDEAE
Ovary 2–8 locular, with 1 ovule in each locule. Calyx 
united with the petals into a tube. Abaxial petals not 
keeled. Filaments connate into a singular tube 
(Diclidanthera, Eriandra) or either in two bundles 

(Moutabea) or inserted on the petals, not united into a 
tube (Barnhartia). Intrastaminal nectaries absent. 
Axial parenchyma apotracheal or paratracheal. – xan-
thophylleae: Xanthophyllum; mout abeae: 
Balgoya, Eriandra, Barnhartia, Diclin danthera, 
Moutabea.

2.2 POLYGALOIDEAE
Ovary 2–3-locular with one ovule on each axile pla-
centa. Calyx not united with the petals into a tube. 
Abaxial petals keeled. Filaments united into a tube 
open dorsally. Intrastaminal nectaries present. Axial 
parenchyma predominantly paratracheal. – carpolo-
bieae: Atroxima, Carpolobia; poly galeae: 
Bredemeyera, Acanthocladus, Badiera, Comesperma, 
Epirixanthes, Muraltia (including Nylandtia), 
Salomonia, Monnina, Ancy lotropis, Pseudomonnina, 
Securidaca, Hualania, Pteromonnina.
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Superorder RUTANAE

Order 90. OXALIDALES (CONNARALES)

Small trees, shrubs, woody lianas, or, less often, herbs. 
Commonly with mucilage canals and/or tanniniferous 
secretory cavities. Indumentum of multicellular or 
 unicellular glandular hairs. Vessels with simple 
 perforations; lateral pitting alternate. Fibers with  simple 
pits, septate. Rays homogeneous or heterogeneous, all 
uniseriate or occasionally biseriate for part of their 
length or some of them up to fi ve cells wide. Axial 
parenchyma typically absent or scanty-paratracheal. 
Sieve-element plastids of psc- or Pcfs-type. Nodes 
 trilacunar (Oxalidaceae) or pentalacunar (Connaraceae). 
Leaves alternate, imparipinnate with two or more pairs 
of leafl ets or less often trifoliolate or unifoliolate, with 
coriaceous, entire or rarely lobed, very rarely peltate 
leafl ets; commonly estipulate. Stomata paracytic, 

 anisocytic and anomo-cyclocytic. Flowers small, in 
terminal or axillary panicles or racemes, bisexual or 
very rarely unisexual (plants dioecious), actinomorphic 
or rarely slightly zygomorphic, 5-merous or seldom 
4-merous. Sepals free or rarely basally connate, imbri-
cate or valvate, usually persistent and often embracing 
the base of the fruit. Petals free or rarely slightly 
 connate, imbricate or valvate, sometimes loriform and 
circinate. Stamens ten or eight, in two cycles, the inner 
sometimes staminodial; fi laments slender, free, shortly 
connate at the base; anthers short, dorsifi xed, tetraspo-
rangiate, introrse or extrorse, opening longitudinally. 
Tapetum secretory. Microsporogenesis simultaneous. 
Pollen grains 2-celled, mostly 3-colporate, sometimes 
3-colpate, rarely (Jollydora) 4-colpate. Nectary disc 
poorly developed or wanting. Gynoecium of 5 or 1 
 carpels, rarely of 3, 7–8 carpels, free or only basally 
connate; ovary superior; ovules anatropous, hemitrop-
ous, or more often orthotropous, bitegmic, crassinucel-
late or tenuinucellate, sometimes (Connarus, Jollydora, 
and Averrhoa) with an endothelium. Female 
 gametophyte of Polygonum-type, or very rarely of 
 Allium-type. Endosperm nuclear. Fruits capsules or 
indehiscent. Seeds mostly arillate, without or with 
fi brous exotegmen; embryo straight; endosperm 
 copious and oily to scanty or none; n = 5(-7)-14, 16.

Oxalidales have many similarities both with the 
Rosanae (especially with Cunoniales) and with Rutanae 
(especially with Sapindales).

Key to Families
1 Shrubs, woody lianas, or, less often, small trees. 

Commonly with mucilage canals and/or tanninifer-
ous secretory cavities. Indumentum of multicellular 
or  unicellular glandular hairs. Nodes pentalacunar 
with fi ve traces or septalacunar with 7seven traces. 
Leaves imparipinnate with two or more pairs of leaf-
lets or less often trifoliolate or unifoliolate, with 
coriaceous, entire or rarely lobed, very rarely peltate 
leafl ets; stipules wanting. Stomata paracytic, aniso-
cytic and anomo- cyclocytic. Flowers small, in ter-
minal or axillary  panicles or racemes, bisexual or 
very rarely unisexual (plants dioecious), actinomor-
phic or rarely slightly zygomorphic, 5-merous or 
seldom 4-merous. Sepals free or rarely basally con-
nate, imbricate or valvate, usually persistent and 
often embracing the base of the fruit. Petals free or 
rarely slightly connate, imbricate or valvate, sometimes 
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loriform and circinate. Stamens ten or eight, in two 
cycles, the inner sometimes staminodial; fi laments 
slender, free, shortly connate at the base; anthers 
short, dorsifi xed, tetrasporangiate, introrse. Pollen 
grains 2-celled, mostly 3-colporate, sometimes 
3-colpate, rarely (Jollydora) 4-colpate. Nectary disc 
poorly developed and usually extrastaminal, or 
wanting, but the receptacle sometimes  nectariferous 
at the center. Gynoecium of fi ve or one carpels, 
rarely of three, seven, or eight carpels (often some of 
them abortive), free or only basally connate, often 
not fully sealed, each with terminal stylodium and 
capitate stigma and containing two collateral ovules 
ascending from near the base, one of which may 
abort; ovary superior. Ovules anatropous, hemitrop-
ous, or more often orthotropous, crassinucellate, 
sometimes (Connarus, Jollydora) with an endothe-
lium. Fruiting carpels sessile or stipitate, dry, 
1-seeded or sometimes (Jollydora) 2-seeded, open-
ing along the ventral suture (follicles) or seldom 
along both sides (legumes), or rarely (Jollydora and 
Hemandradenia) indehiscent and nutlike. Seeds 
mostly arillate, exotestal with more or less devel-
oped fi brous exotegmen; embryo straight, with short 
hypocotyl and minute radicle; endosperm copious 
and oily to scanty or none; funicle very short or 
none; according to Corner (1976: 105), aril present 
to some extent in all cases, primarily as an outgrowth 
from the short raphe and chalaza,  yellow to red, 
pulpy, typically (Connarus) with a thick, often cren-
ulate, free border or short limb and a  sarcotestal area 
along the raphe and chalaza; with extensive free 
limb (Rourea spp.); more or less wholly developed 
as a sarcotesta in genera with baccate seeds. Bark, 
fruits, and seeds often highly poisonous, n = 14, 16
. . . . . . . . . . . . . . . . . . . . . . . . . . . 1. connaraceae.

1 Herbs, sometimes succulent, often with fl eshy rhi-
zomes or bulb-like tubers, sometimes subshrubs or 
arborescent. Leaves alternate, palmately or pinnately 
compound, often trifoliolate, rarely unifoliolate or 
phyllodic, stipules small or absent, colleters (Oxalis) 
present; leafl ets usually folded back in bud and at 
night. Stomata paracytic. Flowers in axillary cymes 
or solitary, bisexual, usually tristylous, sometimes 
cleistogamous and apetalous. Sepals fi ve, basally 
connate. Petals fi ve, free or united at the base, con-
torted or rarely imbricate. Stamens 10 or 15, some-
times staminodal. Filaments united at the base. 

Anthers extrorse. Pollen grains mostly 3-colporate, 
often contain starch. Nectaries often glands opposite 
the petals. Gynoecium of (3-)5 carpels, united to 
form a 5-locular ovary; ovary superior, with (1)2 to 
many more or less pendulous, anatropous ovules per 
locule; ovules mostly tenuinucellate, rarely crassi-
nucellate and with endothelium (Averrhoa). Fruits 
loculicidal, ribbed or angled  capsules (Oxalis, 
Biophytum) or fl eshy capsules (Dapania), or 
(Averrhoa, Sarcotheca) baccate. Seeds with fi brous 
2-layered exotegmen, endotesta walls thickened, not 
palisade; testa and tegmen less differentiated when 
fruit a berry; embryo large, green (Oxalis); edno-
sperm fl eshy, starchy, subruminate. Present tannins, 
juice acrid, with oxalated, calcium oxalatae as crys-
tals, n = (5-)7–12, mostly 7.  . . . . . 2. oxalidaceae.

1. CONNARACEAE

R. Brown 1818 (including Cnestiaceae Rafi nesque 
1830). 13/380. Pantropical, with the greatest diversifi ca-
tion in Africa, Southeast Asia, and tropical America.

Cnestis, Rourea (including Bernardinia, Byrsocarpus, 
Eichleria, Jaundea, Paxia, Roureopsis, Spiropetalum), 
Jollydora, Connarus, Agelaea, Pseudoconnarus, Burttia, 
Schellenbergia, Vismianthus, Hemandradenia, Cnestidium, 
Manotes, Ellipanthus (including Pseudoellipanthus).

The family Connaraceae shares with the 
Oxalidaceae. According to some botanists, including 
Hallier (1912), Gundersen (1950), and Airy Shaw 
(1973), Connaraceae are allied to the Oxalidaceae 
(according to Hallier related to both the Leguminosae 
and Oxalidaceae, according to Schellenberg (1938) 
“perhaps near to Oxalidaceae,” and according to Airy 
Shaw “somewhat intermediate between Leguminosae 
and Averrhoaceae”). Some perhaps rather remote 
affi nity between Connaraceae and Oxalidaceae is sup-
ported by the same Pies-type of sieve-element plastids 
(Behnke 1983).

2. OXALIDACEAE

R. Brown 1818 (including Averrhoaceae Hutchinson 
1959). 5/700. Tropical and subtropical regions with a 
few species widespread in temperate regions.

Oxalis, Biophytum, Averrhoa, Sarcotheca, Dapania.
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Order 91. SAPINDALES

Trees, shrubs, woody lianas, or sometimes subshrubs or 
herbs. Vessels with simple perforations or less often 
 perforations scalariform; lateral pitting alternate or 
sometimes opposite. Fibers with bordered or simple pits, 
often septate. Rays heterogeneous or homogeneous. 
Axial parenchyma mostly paratracheal,  sometimes 
scanty or even wanting. Sieve-element  plastids of 
Ss-type. Nodes usually trilacunar. Leaves opposite or 
less often alternate, simple or more often compound, 
estipulate or sometimes with small, caducous stipules. 
Stomata of diverse types. Flowers in  various types of 
infl orescences, rarely solitary, bisexual or more often 
unisexual, actinomorphic or less often more or less zygo-
morphic (strongly zygomorphic in Hippocastanaceae), 
usually 5–4-merous. Sepals free or more or less connate, 
imbricate or rarely (some Sapindaceae) valvate. Petals 
free, equal or unequal, imbricate or rarely valvate (some 
Sapindaceae) or  seldom wanting. Nectary disc of recep-
tacular origin commonly present, extrastaminal or less 
often (Aceraceae) intrastaminal. Stamens (4)5-10, rarely 
more; fi laments free; anthers tetrasporangiate, introrse, 
basifi xed or more often dorsifi xed, opening longitudi-
nally. Tapetum secretory. Microsporogenesis simultane-
ous. Pollen grains 2-celled or 3-celled mostly 3-colporate. 
Gynoecium of 3-2(4-5) united carpels; stylodia free or 
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more or less connate; ovary superior, with (1)2(-4-10) 
ovules per locule. Ovules epitropous or apotropous, 
 anatropous or less often hemitropous, campylotropous 
or orthotropous, bitegmic, crassinucellate. Female 
 gametophyte of Polygonum-type. Endosperm nuclear. 
Fruits of various types. Seeds exotestal, mesotestal, or 
rarely (Alectryon in Sapindaceae) with fi brous 
 exotegmen; embryo mostly curved; endosperm copious, 
or very scanty or lacking.

The order Sapindales most probably originated from 
some cunonialean ancestor. The Staphyleaceae, which 
are relatively the least advanced member of the order 
(Takhtajan 1959, 1966, 1987; Cronquist 1981, 1988), 
have much in common with the Cunoniaceae (and 
related families) that Hallier (1908, 1912) placed these 
two families side by side in his order Rosales sensu 
lato, in which he was later followed by van Steenis 
(1959). The Staphyleaceae are undoubtedly so closely 
related to Cunoniaceae and related families (especially 
to the Brunelliaceae) that there is not much objection to 
their inclusion in the order Cunoniales. However, it 
seems to me that the similarities between Staphyleaceae 
and the sapindalean families are greater than those 
between Staphyleaceae and Cunoniales. “It is interest-
ing and perhaps signifi cant that the Staphyleaceae have 
the same basic chromosome number (13) as the 
Aceraceae,” says Cronquist (1981:791). “The charac-
teristic infl ated capsules of Staphylea are much like 
those of Koelreuteria in the Sapindaceae.” In many 
respects, Staphyleaceae represent a link between the 
Sapindales and Cunoniales. However, as Doweld (1996) 
states, exotegmic seeds of Cunoniaceae are more spe-
cialized, than exo-mesotestal seeds of Staphyleaceae. It 
is therefore more probable, that the Staphyleaceae 
derived not directly from the Cunoniaceae, but rather 
from their less specialized ancestor.

Key to Families
1 Vessels with scalariform perforation.

2 Intrastaminal nectary disc well developed. Leaves 
stipulate. Seeds with copious endosperm. Trees 
and shrubs, evergreen or deciduous, non-laticif-
erous and without coloured juice; wood often 
fl uorescing; fi bers with bordered pits; vessels 
with scalariform perforation. Druses and frothy 
mucilage cells widespread in Dalrympelea. Axial 
parenchyma scanty paratracheal. Nodes pentala-
cunar with fi ve traces. Leaves opposite, with 
well-developed caducous stipules, imparipinnate 

or often trifoliolate, occasionally (some species 
of Staphylea) unifoliolate, serrate or dentate; 
stipules  usually present, but sometimes reduced 
to glands or absent. Stomata anisocytic. Flowers 
in racemes or in panicles, bisexual or unisexual 
(plant monoecious, dioecious, or polygamo-
monoecious), small, actinomorphic, 5- merous. 
Sepals more or less free,  imbricate; petals imbri-
cate. Stamens fi ve, isomerous with the perianth; 
fi laments glabrous to pubescent; anthers dorsi-
fi xed, introrse, tetrasporangiate. Pollen grains 
 3-colporate or rugate. Carpels 2-3(-4), almost 
free or partly connate. Ovary superior to semi-
inferior, laterally and sometimes also apically 
lobed, with (1-)6-12 apotropous ovules in two 
rows in each locule. Fruits multifollicles, infl ated 
capsules opening at the tip, or berries 
(Dalrympelea). Seeds arillate or exarillate, exo-
mesotestal; chalaza nonbullate; radicle short; 
embryo straight, green; endosperm scanty 
(Staphylea  japonica) or fl eshy; cotyledons large. 
Present cyanidin, kaempferol and quercetin, n = 
11, 13, 14. . . . . . . . . . . . . . . . 1. staphyleaceae.

2 Intrastaminal nectary disc poorly developed or 
wanting. Evergreen trees with reddish wood 
(Huertea) or (Tapiscia) deciduous trees; the wood 
without growth rings. The imperforathe tracheary 
elements septate fi bre-tracheids with reduced bor-
ders on the pits, or septate libriform fi bers with 
simple pits. Nodes  trilacunar. Leaves 2–10-jugate; 
leafl ets sometimes with pocket-shaped domatia or 
with hairy domation in axils of and along lateral 
nerves; bases of petioles, petioluli and blades of 
the leafl ets bearing several small glands. Stipules 
lacking (Huertea) or reduced to glands (Tapiscia). 
Stomata anisocytic. Flowers 5(6)-merous; sepals 
fused only in low third, copular. Petals covered 
with multicellular trichomes. Anthers dorsifi xed, 
with (Tapiscia) or without a fi brous endothecium. 
Pollen grains rugate or polyrugate. Nectary disc 
poorly developed, 5-lobed, or lacking (Tapiscia). 
Ovary 1-locular (Tapiscia), style elongate, 
unbranched, stigma bilobed, or (Huertea) basally 
2-locular, with two spreading  stylar branches; 
ovules 1–2 in each  locule, sessile or attached to 
an axile placenta. Fruit 1-seeded, without sclero-
tis tissue, apparently indehiscent (Tapiscia) or 
baccate (Huertea), with thin, fl eshy or crusta-
ceous pericarp and without sclerotic tissue. Seeds 
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of Huertea subglobose, brownish, smooth, with 
sclerotic cells in the mesotesta; seed-coat rather 
thin; vascular bundle spreading into fi ne rows of 
tracheids in the bullate chalaza, separated from 
the endosperm; raphe with hard sclerotic tissue 
of lignifi ed pitted cells; endosperm thick-walled, 
oily; embryo with rather long radicle; cotyle-
dons fl at; seeds of Tapiscia plump, micropype 
acute at the base of the loculus, the  adjacent 
hilum small, chalazal area slightly depressed; 
endosperm thin-walled, horny, oily; embryo 
small with relatively long radicle and small thin 
cotyledons.  . . . . . . . . . . . . . . .2. tapisciaceae.

1 Vessels with simple perforation.
3 Leaves alternate or very rarely opposite, often 

gland-dotted, often pulvinate; usually ternate, 
or  pinnate, or bipinnate, or multiply compound 
( sometimes biternate), seldom simple; stipules 
wanting in trees, frequently present in lianas, 
sometimes conspicuously large. Trees and 
shrubs, sometimes woody or rarely herba-
ceous (Cardiospermum) lianas, these often 
with tendrils, which are transformed infl ores-
cence axes, and often their stems with unusual, 
secondary anomalous vascular structure. 
Vegetative organs  usually contain resinous or 
latex-like secretions in  special cells. Fibers 
with simple pits, commonly  septate. Rays het-
erogeneous. Axial parenchyma paratracheal, 
or apotracheal and paratracheal. Nodes 
 trilacunar. Stomata anomocytic or sometimes 
paracytic. Flowers small, in terminal or axil-
lary cymose infl orescences, rarely solitary and 
axillary, sometimes caulifl orous in lianas, usu-
ally unisexual (plants monoecious or polyga-
momonoecious), actinomorphic or more often 
obliquely zygomorphic. Sepals 5(4), free or 
sometimes basally connate, usually imbricate, 
sometimes valvate. Petals mostly 5(4), imbri-
cate, sometimes more than 5 or only 3 or want-
ing, often with basal scalelike appendage 
concealing a nectary. Nectary disc usually 
well marked, annular or often unilateral, 
extrastaminal or rarely (Dodonaea) intrastami-
nal and minute. Stamens 4-5(-6), or 8, or 10, 
or 11–100; fi laments free, often hairy. Anthers 
dorsifi xed, or basifi xed, to slightly  ventrifi xed, 
more or less versatile, usually apically append-
aged, opening longitudinally. Pollen grains 

2-celled, usually 3-colporate, sometimes 
2-colporate or syncolporate, or rarely 
3–4-porate. Gynoecium of (2-)3(-8) united 
carpels;  stylodia more or less free or united 
into a terminal, often lobed or cleft style; 
stigma simple or lobed; placentation usually 
axile, sometimes parietal; ovary usually 3-loc-
ular, superior, locules without ‘false septa’, 
usually with one ovule, less often 
(Dodonaeoideae) with two or several ovules 
per  locule. Ovules pendulous or horizontal, or 
ascending,  anatropous to hemitropous or 
campylotropous, often without a denned funi-
cle, but broadly attached to  placental protuber-
ance. Fruits capsules, drupes, schizocarps, or 
berries, often red, sometimes winged (Serjania, 
Thouinia, Paullinia, and Diatenopteryx); cap-
sules septifragal or loculicidal (Cupania). 
Seeds often arillate or with sarcotesta (in 
dehiscent fruits), usually with curved oily and 
starchy, often green embryo, often with plicate 
or twisted cotyledons; endosperm lacking. 
Present proanthocyanidins,  fl avonols, toxic 
saponins, cyclopropane amino acids, some-
times alkaloids, n = 10–16. . .3. sapindaceae.

3 Leaves opposite.
4 Flowers actinomorphic, small, some or all 

 functionally or truly unisexual (andromonoe-
cious, androdioecious, or polygamodioecious), 
in terminal or sometimes axillary racemes 
sometimes contracted to corymbs or umbels, 
rarely in large panicles. Sepals fi ve or rarely 
four, free or rarely basally connate,  imbricate. 
Petals fi ve, rarely four or wanting, free, often 
sepal-like, shortly clawed. Nectary disc usually 
present, extrastaminal, usually fl at but some-
times lobed or divided or reduced to teeth, 
rarely absent. Stamens 4-10(12), mostly 8; 
anthers slightly dorsifi xed or basifi xed, versa-
tile. Pollen grains mostly 3-colpate or 3-colpo-
rate. Vestigial gynoecium often present in male 
fl owers. Gynoecium of two carpels, stylodia 
divergent and free or basally connate, each with 
a terminal stigma; ovary 2-locular, usually 
compressed at right angels to the septum, with 
two axile ovules in each  locule. Ovules pendu-
lous, anatropous to almost orthotropous. Fruits 
compressed, splitting when ripe into two usu-
ally 1-seeded, nutlike, winged mericarps, sep-
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arating from the persistent carpo-phore. Seeds 
becoming campylotropous; embryo curved, 
oily or starchy, with  elongate radicle and two 
fl at or plicate, green cotyledons; endosperm 
wanting. Deciduous or evergreen trees or less 
often shrubs; plants with or without  laticifers. 
Sieve elements plastids with only few, moder-
ately large, globular starch grains. Nodes trila-
cunar. Leaves simple and entire or more often 
palmately or pinnately lobed or pinnate 
(Dipteronia, Acer sect. Negundo). 
Proanthocyanidins present (cyanidina and del-
phinidin), fl avonols (kaempferol, quercetin, 
and myricetin),  alkaloids and ellagic acid 
rarely  present, n = 13. . . . . . . . 5. aceraceae.

4 Flowers zygomorphic, rather large, bisexual 
(but some apical ones functionally male), in ter-
minal large thyrses or racemes; infl orescences 
glabrous, or golden tomentose and with bracts 
(Billia hippocastanum). Sepals fi ve, almost free 
(Billia) or more or less connate (Aesculus), 
campanulate or tubular, imbricate. Petals four 
or fi ve, free, imbricate, clawed. Nectary disc 
small, extrastaminal and often one-sided. 
Stamens (5)6-8, free; the fi laments red or white; 
anthers introrse, dorsifi xed (near the base), ver-
satile. Pollen grains 3-colporate. Gynoecium of 
(2)3(4) united carpels; style terminal, often 
pubescent, with simple or obscurely lobed, 
papillate stigma; ovary usually 3- locular, supe-
rior, sessile, with two superposed, axile ovules 
per locule. Ovules pendulous to ascending 
(sometimes the lower ascending, the upper pen-
dulous), anatropous to orthotropous. Fruits usu-
ally large, leathery, 1-locular and 1-seeded 
(often, by abortion), or 2–5-seeded loculicidal 
capsules. Seeds large, with a large hilum refl ect-
ing incorporation of the funicle in the placenta, 
and adnation of the placental obturator; embryo 
large, curved, green, often starchy; cotyledons 
two, thick and fl eshy; endosperm wanting. 
Vessels usually with simple perforations, but 
occasional  scalariform perforations also 
recorded. Leaves palmately 3–11-foliolate. 
Nodes trilacunar or sometimes pentalacunar. 
Evergreen (Billia) or deciduous (Aesculus) 
trees or less often shrubs; branches often with 
yellowish lenticels. Leaves large to medium-
sized, compound, palmate (3–11 foliolate), cre-

nate or serrate, estipulate. Proanthocyanidins 
(cyanidin),  fl avonols (kaempferon and querce-
tin) present, n = 20.  . . . 4. hippocastanaceae.

1. STAPHYLEACEAE

Martynov 1820 (including Ochranthaceae Endlicher 
1841). 2/c.40. Northern temperate regions, tropical 
Asia, West Indies, Central and South America. 
Euscaphis (1) is endemic to Eastasiatic fl oristic region, 
Staphylea (11) distributed in northern temperate 
regions, and Turpinia (10) from Sri Lanka, peninsular 
India, and the Himalayas to Japan and New Guinea 
and in Central and South America.

Dalrympelea (including Ochranthe), Staphylea 
(including, Turpinia, Euscaphis).

2. TAPISCIACEAE

Takhtajan 1987 (including Huerteaceae Doweld 2001). 
2/7. Central and southwestern China (Tapiscia), 
Greater Antilles, trop. America along the Andes from 
Honduras to Colombia, Ecuador, and Peru (Huertea).

Tapiscia, Huertea.
Tapisciaceae are close related to the Staphyleaceae 

and are included in that family. However, they differ 
from the Staphyleaceae in so many important charac-
ters that their separation into a family of their own is 
justifi ed. One of the most important differences 
between them are well developed intrastaminal disc 
and the seed structure.

3. SAPINDACEAE

A. L. de Jussieu 1789 (including Allophylaceae Martynov 
1820, Dodonaeaceae Link 1831, Koelreuteriaceae J. 
Agardh 1858, Ornithrophaceae Martynov 1820). 
130/1500. Widely distributed in  tropical and subtropical 
regions; relatively few species in warm-temperate 
zones.

3.1 DODONAEOIDEAE
Ovules usually two or several per locule, in the fi rst 
case erect or pendulous, in the second case horizontal, 
rarely one pendulous with micropyle up. – Dodonaeeae: 
Loxodiscus, Diplopeltis, Dodonaea, Distichostemon; 
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Doratoxyleae: Hypelate, Exothea, Zanha, Doratoxylon, 
Ganophyllum, etc.; Harpullieae: Harpullia, Delavaya, 
Ungnadia, Eurycorymbus, etc.; Cossignieae: Cossinia, 
Llagwioa; Koelreuterieae: Boniodendron, Koelreuteria, 
Stocksia, Erythrophysa.

3.2 XANTHOCEROIDEAE
Ovules 7–8 in each carpel; disc with golden,  horn-like 
glands; leaves deciduous. – Xanthoceras.

3.3 SAPINDOIDEAE
Ovules solitary in each locule, erect or ascending, 
micropyle down. – melicocceae: Melicoccus, Talma, 
etc.; lepisantheae: Zollingeria, Lepisanthes, 
Otophora, Radlkofera, Pancovia, Placodiscus, etc.; 
sapindeae: Atalaya, Thouinidium, Toulicia, Sapindus, 
Delnbollla, Homea, etc.; aphanieae: Aphania, 
Erioglossum; cupanieae: Cupania, Matayba, Tina, 
Mollnaea, Blighia, Guioa, Cupaniopsis, Rhysotoechia, 
Elattostachys, Arytera, Mischocarpus, Paviaesia, 
Amesiodendron, Lepidopetalum, Paranephelium, etc.: 
schleichereae: Schleichera, Haplocoelum, Macpher-
sonia, etc.; nephelieae: Litchi, Dimocarpus, Pometia, 
Xerospermum, Nephelium, Alectryon, Pappea, etc.; 
thouinieae: Thouinia, Allophylus, etc.; paullin-
ieae: Serjania, Paullinia, Urvillea, Cardiospermum, 
Houssayanthus, Thinouia.

Together with morphological characters, chemical 
data show that the Dodonaeoideae are in general less 
advanced and nearer to the ancestral stock than the 
Sapindoideae. The genus Dodonaea is unique in not 
containing elaborate fl avones 0- and C-glycosides 
(Umadevi and Daniel 1991).
The Sapindaceae are considerably more advanced than 
the Staphyleaceae

4. HIPPOCASTANACEAE

A. Richard 1823 (including Aesculaceae Berchtold et 
J. Presl 1820, Paviaceae Horaninow 1834). 2/15. 
Balkan Peninsula, from western Himalayas to Japan 
and northern Indochina, temperate North America 
(Aesculus), and from southern Mexico to northern 
South America (Billia).

Aesculus, Billia.
So closely related to Sapindaceae, especially to the 

tribe Harpullieae (see Radlkofer 1890, 1931–1944; 
Muller and Leenhouts 1976; Doweld 1996), that 

 perhaps even do not deserve the family rank. According 
to Muller and Leenhouts, Hippocastanaceae may be 
connected with the Harpullieae via Handellodendron 
and Delavaya, and possibly could be included in the 
Harpullieae.

5. ACERACEAE

A. L. de Jussieu 1789. 2/120–150 or more. Northern 
temperate regions and Southeast Asia. Dipteronia (2) 
is endemic to central and southern China.

Acer, Dipteronia.
Aceraceae are closely related to the Sapindaceae, 

especially to the tribe Harpullieae (see Radlkofer 1890, 
1931–1934; Muller and Leenhouts 1976). Beginning 
with Bentham and Hooker (1862) and some authors 
included the Aceraceae in the Sapindaceae.
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Order 92. SABIALES

Evergreen or rarely deciduous trees, scandent shrubs 
or woody climbers, glabrous or pubescent, very rarely 
armed with short spines (Sabia japonica). Vessels 
with simple, simple and scalariform, or occasionally 
reticulate perforations; lateral pitting alternate. Bars 
few to 30; wood with broad rays Fibers with simple 
or very small bordered pits, sometimes septate. Rays 
heterogeneous or nearly homogeneous. Aixal paren-
chyma paratracheal, scanty or rarely wanting. Sieve 
element plastids of S-type, or rarely (Meliosma 
glabrata)  Pcs-type. Nodes unilacunar (Meliosma). 
Leaves  alternate, simple (Sabia) or imparipinnate, 
conduplicate (Meliosma), sometimes heteromorphic, 
entire or dentate, pinnately veined, estipulate; petiole 
bases often subwoody, petiolules often with pulvini. 
Stomata anomocytic or paracytic. Flowers small, in 
terminal or axillary panicles or cymes, rarely solitary, 
bisexual or polygamo-dioecious, actinomorphic or 
zygomorphic. Sepals (4)5, sometimes basally con-
nate, unequal, imbricate. Petals (4)5; the three outer 
petals slightly imbricate and completely enclose the 
stamens and gynoecium; the two inner petals strongly 
reduced and the only two functional stamens are 
adnate to them. Stamens (4)5, opposite the petals, all 
fertile or the three outer staminodial, swollen or col-
larlike extension formed by connective or fi laments 
present; anthers  tetrasporangiate, opening longitudi-
nally. Tapetum secretory. Microsporogenesis simul-
taneous. Pollen grains 2-celled, 3-colporate. Nectary 
disc small,  annular or cupular, sometimes dentate or 
lobed,  surrounding the base of the ovary. Gynoecium 
of two or rarely three united carpels; stylodia more or 
less connate into a subulate style, with minute, 
rounded or capitate stigma; ovary superior, 2- or 
rarely 3-locular, with one or two pendulous or hori-
zontal ovules in each locule. Ovules apotropous, 
unitegmic, crassinucellate. As the integument fails to 
grow over the dome-shaped nucellus, no micropyle is 
formed. Female gametophyte of Polygonum-type. 
Endosperm helobial. Fruits drupes or schizocarps 
breaking transversely into two drupaceous or dry 
1-seeded mericarps, sometimes one aborted. Seed 
with condyle (placental intrusion); embryo large, 
oily, with a curved radicle and folded or coiled 
(Ophiocaryon) cotyledons; endosperm scanty or 

more often wanting. Present pentacyclic triterpe-
noids,  tanniniferous alkaloids, n = 12, 16.

Mostly included in the Sapindales, from which 
Sabiales differ in unitegmic ovules, helobial 
endosperm, and morphology of the androecium and 
seeds. Radlkofer (1890), following earlier authors, 
suggested the affi nity with the Menispermaceae 
rather than the Sapindaceae. Erdtman (1952) pointed 
out the similarity of pollen grains of Sabiaceae to 
those of Menispermaceae. Cronquist (1957, 1981, 
1988) tentatively included Sabiaceae in the 
Ranunculales. Recent molecular studies placed 
Sabiaceae among the “Early-Diverging Eudicots” 
(Soltis et al. 2006) between the Proteaceae and 
Buxaceae, but these families, however, are consider-
ably different morphologically.

Taxonomic position of Sabiales is still uncertain.

1. SABIACEAE

Blume 1851 (including Meliosmaceae Endlicher 1841, 
Wellingtoniaceae Meisner 1840). 3/50. Himalayas, 
southern Asia, and Southeast Asia, Malesia eastwards 
to Solomon Islands – Sabia (c.20); Meliosma (15 sp. in 
Asia, 10 – in the Western Hemisphere); Ophiocaryon 
(7) is endemic to tropical America (north to Mexico).

1.1 MELIOSMOIDEAE
Evergreen trees and shrubs; winterbuds naked. Flowers 
zygomorphic. Sepals subequal. Stamens very unequal, 
free or adnate to the base of petals, two inner and larger 
fertile and their anthers mostly surrounded at base by 
the cup-shaped apex of the short fi laments, the outer 
ones sterile and reduced to cup-shaped staminodia; 
Fruits obliquely subglobose, 1-seeded drupe with bony 
endocarp (rarely 2-locular), n = 8. – Meliosma, 
Ophiocaryon.

1.2 SABIOIDEAE
Deciduous or evergreen climbing shrubs, more rarely 
erect; winterbuds small, with pointed persistent scales. 
Flowers actinomorphic. Stamens (4)5(6), all fertile, 
attached to the base of petals; fi laments subulate. Fruits 
of two fl attened, dorsally gibbous, drupaceous carpels, 
stylodia becoming adaxially  subbasal and persistent; 
exocarp fl eshy, endocarp crustaceous and  conspicuously 
sculptured or pitted, n = 13. – Sabia.
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Order 93. BIEBERSTEINIALES

Perennial herbs, occasionally nearly stemless, with 
more or less tuberous, underground rhizome. Trichomes 
of glandular shaggy type with long, multiseriate stalks 
and multicellular knob-shaped heads. Vessels with sim-
ple perforation; Lateral piting alternate, at the end of 
vessels both mixed alternate or opposite. Rays gomog-
enous. Axial parenchyma apotracheal. Leaves  alternate, 
pinnate or pinnatipartite, with the stipules adnate to the 
petiole. Stomata  anomocytic. Flowers in  pedunculate 
racemose infl orescences, or in panicles,  bisexual, acti-
nomorphic, 2-bracteolate, 5-merous. Sepals free, imbri-
cate,  persistent. Petals free, imbricate or sometimes 
contorted, often denticulate at the apex, sometimes 
unguiculate, alternate with fi ve fl eshy extrastaminal 

glands. Stamens ten; fi laments shortly connate into a 
ring at the base. Anthers dorsifi xed,  versatile, introrse, 
tetrasporangiate, opening longitudinally. Staminodes 
fi ve, external to the fertile stamens, represented by a 
whorl of glands, alternating with the petals. Tapetum 
secretory. Microsporogenesis simultaneous. Pollen 
grains 3-colporate, tectate-columellate, with striate 
ornamentation. Gynoecium of fi ve carpels; ovary supe-
rior,  5-locular, on a short gynophore, deeply lobed; sty-
lodia arising from the base of the ovary lobes, free, 
fi liform, afterward cohering among  themselves in a 
slender column with capitate stigma. Ovule solitary in 
each locule, apical, pendulous,  anacampylotropous, 
bitegmic, crassinucellate. Female gametophyte 
 tetrasporic, 16-nucleate, 13-celled, of Penaea-type. 
Endosperm nuclear. Fruits separating into fi ve  indehiscent 
1-seeded, dry, rugose, crustaceous  mericarps. Seeds 
large, with rounded raphe, rugulose; testa thin-walled, 
more or less collapsed, tegmen composed of thick-
walled, strongly lignifi ed, scarcely  pitted cells with out-
ward, radially directed arms; embryo slightly curved, 
surrounded by scanty endosperm; cotyledons folia-
ceous, thick (Boesewinkel and Bouman 2000). Present 
fl avones ad methyl ethers, n = 5.

Very few botanists accept a separate family 
Biebersteiniaceae and the genus Biebersteinia is 
 usually included in the Geraniaceae. However, 
Biebersteinia differs from all the geranialean families 
in its tetrasporic female gametophyte, the absence of 
suspensor (Kamelina and Konnova 1990), low  number 
of relatively large chromosomes (Aryavand 1975), 
seed coat anatomy, morphology of pollen grains 
(Bortenschlager 1967), and gynobasic stylodia, and as 
well as in the fl avonoid patterns (Greenham et al. 
2001). The structure of tegmen differs from the 
Geraniales, and resembles that of Linales (Boesewinkel 
and Bouman 2000). However, molecular studies 
reveal close affi nity with the Sapindales (Bakker et al. 
1998). In my opinion the Biebersteiniaceae deserve 
the status of a separate order Biebersteiniales that 
occupies a rather isolated position (Takhtajan 1997). 

1. BIEBERSTEINIACEAE

Endlicher 1841. 1/4–5. From Greece to western Siberia 
and western Tibet.

Biebersteinia.
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Order 94. RUTALES

Trees, shrubs, woody lianas, sometimes subshrubs, 
less often herbs. Resinous secretory cells or/and 
 cavities containing ethereal oils or vertical resin canals 
often present in vegetative parts. Vessels with simple 
or less often scalariform perforations. Fibers with sim-
ple or indistinctly bordered pits, often septate. Rays 
heterogeneous to homogeneous. Axial parenchyma 
mostly paratracheal. Sieve-element plastids of Ss- or 
(in some Rutaceae) So-, or (Stylobasium) Pfs-type. 
Nodes trilacunar or less often unilacunar, rarely 
 multilacunar. Leaves alternate or less often opposite, 
 compound or less often simple, mostly estipulate. 
Stomata of diverse types, mostly anomocytic. Flowers 

mostly bisexual, commonly actinomorphic, generally 
5- or 4-merous, with double perianth and bicyclic 
androecium. Anthers tetrasporangiate, introrse or 
sometimes extrorse, mostly dorsifi xed, opening longi-
tudinally. Tapetum secretory. Microsporogenesis 
simultaneous. Pollen grains commonly 2-celled, 
 usually 3-colporate. Intrastaminal or extrastaminal, 
annular or sometimes cupular, nectary disc typically 
present. Gynoecium of free or more often united 
 carpels, mostly with more or less connate stylodia; 
ovary superior or inferior, with two or less often one or 
several ovules per carpel or per locule. Ovules mostly 
anatropous, epitropous, or, less often, apotropous 
(Anacardiaceae and some Simaroubaceae), bitegmic 
or sometimes unitegmic, crassinucellate. Female 
gametophyte of Polygonum-type. Endosperm nuclear. 
Fruits of diverse types. Seeds testal with fi brous exote-
gmen (Meliaceae and some representatives of 
Rutaceae) or predominantly testal; embryo straight or 
more or less curved; endosperm scanty or none.

Closely related to the Sapindales and share a 
 common origin with them.

Key to Families
1 Plants resinous or not, but without resin-ducts in the 

bark, wood-rays and veins of the leaves; ovules 
with or more often without an obturator; plants very 
often  producing triterpenoid substances and/or 
 alkaloids, but only seldom saponiferous.
2 Leaves pellucid-punctate. Plants with secretory 

cavities scattered through the parenchymatous 
tissues. Aromatic trees or shrubs, sometimes 
lianous, rarely subshrubs or perennial herbs, 
sometimes thorny (Zanthoxylum). Secondary 
growth of stem normal. Secretory cavities are 
nearly always scattered through the parenchyma-
tous tissue of both leaf and axis and usually also 
in the pericarp (in the leaf they appear to the 
naked eye as translucent pellucid dots). The 
secretory cavities are sometimes replaced or 
accompanied by secretory cells. Resin cells are 
common in the pith, primary cortex, and rays of 
the young stem. Vessels with simple perforations 
except for rare multiperforate plates in a few spe-
cies; lateral pitting alternate. Fibers with simple 
or slightly bordered pits, with occasional septa in 
a few species. Rays homogeneous or more or 
less heterogeneous. Axial parenchyma terminal 
and paratracheal or less often diffuse, rarely 
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wanting. Nodes trilacunar or sometimes unilacu-
nar. Leaves well developed or sometimes much 
reduced, usually  pellucid-punctate (except for 
Leptothyrsa and Phellodendron), alternate or 
less often opposite, rarely verticillate, usually 
pinnately compound (sometimes bipinnate) or 
trifoliolate or unifoliolate, rarely simple or pin-
natisect; estipules or rarely stipulate. Stomata of 
various types. Flowers in cymose infl orescences 
or less often in racemes, sometimes as in 
Diplolaena, in a dense head with a  3–4-seriate 
involucre of bracts, the inner of which are peta-
loid, sometimes solitary,  bisexual or rarely uni-
sexual, actinomorphic or sometimes more or less 
zygomorphic. Sepals (2-)5, free or sometimes 
more or less connate (connate into a  cupular 
calyx in Correa and Empleurum), usually imbri-
cate, rarely valvate (e.g. Boronia, Correa) or 
obsolete (Asterolasia). Petals as many as and 
alternate with the sepals, mostly free, sometimes 
basally connate, rarely (as in Correa) united 
into a sympetalous corolla,  imbricate or some-
times valvate, rarely (Empleurum) wanting. 
Androecium mostly obdiplostemonous, rarely 
diplostemonous or stamens in one cycle and 
antesepalous; often antepetalous stamens trans-
formed into  staminodia; stamens sometimes 3–4 
as many as the petals, or even up to 60, rarely 
only two or three stamens fertile and the others 
staminodial; fi laments free or more or less con-
nate, sometimes adnate to petals, or (Zieria) 
inserted above the disc; anthers 2- locular, bas-
ifi xed or dorsifi xed, introrse, or rarely (Dictamnus) 
latrorse, the connective often with a glandular 
apex. Pollen grains (2)3–6(-8)-colporate. Nectary 
disc intrastaminal, annular to cuplike, sometimes 
 unilateral, sometimes elongated into a more or 
less developed gynophore, rarely obsolete. 
Gynoecium of (2)4-5(-many) carpels, mostly 
only 7, slightly united at the base or united only 
by the stylodia or stigmas, less often completely 
united and with a simple terminal or sometimes 
subgynobasic or gynobasic style, very rarely 
gynoecium reduced to a single carpel; ovary 
superior, 2-multilocular, rarely (as in Feronia) 
unilocular, with typically parietal placentas, with 
2-many or only 1 ovule in each locule. Ovules 
more or less distinctive epitropous with ventral 
raphe and upwardly and outwardly directed 

micropyle, anatropous,  hemitropous, or campy-
lotropous, pendulous or  ascending, bitegmic or 
rarely (Glycosmis arborea) unitegmic; micro-
pyle zig-zag. Fruits berries (often in the form of 
a hesperidium), or drupaceous, or samaras or fol-
licles. Seeds with large, straight, or curved, 
sometimes green embryo, more or less well-
developed endosperm or without endosperm; 
exotesta often mucilaginous, or lignifi ed and 
fi brous. Usually producing triterpenoid bitter 
substances and usually with one or more alka-
loids of diverse types, proanthocyanidins (cyani-
din and delphinidin) sometimes fl avonols 
(kaempferol, quercetin, and myricetin), pyrano-
chromones, furanocoumarins and polyacetate 
acids, n = 7–11, 18 +.  . . . . . . . . . . 1. rutaceae.

2 Leaves not pellucid-punctate. Plant without 
secretory cavities in the parenchymatous tissues.
3 Stamens free.

4 Seeds with copious endosperm. Small, ever-
green shrubs containing scattered secretory 
cells with oily or resinous contents in the 
parenchymatous tissues in the mesophyll 
and primary cortex. Stems glabrous or with 
medifi xed hairs. Vessels with simple perfo-
rations. Fibers very short, with numerous 
simple pits. Rays heterogeneous to homo-
geneous. Axial parenchyma predominantly 
paratracheal. Leaves small, alternate,  simple, 
entire, gray-green, not punctuate, coriaceous, 
estipulate. Stomata anomocytic. Flowers 
solitary and axillary or in small, few-fl ow-
ered, axillary cymes (the peduncle some-
times adnate to the petiole), actinomorphic, 
bisexual or unisexual (the plant andromo-
noecious), yellow. Sepals three or occasion-
ally four (Traveset 1995), small, free or 
sometimes basally connate, persistent. 
Petals three or four, elongate, free, imbri-
cate, yellow. Nectary disc modifi ed into a 
 columnar nectariferous androgynophore. 
Stamens as many as and alternate with the 
petals, seated in the pits in the androgyno-
phore; fi laments free; anthers 2-locular, 
opening longitudinally. Pollen grains 
3-celled, 3- or 4–6-colporate, with a striate-
reticulate ornamentation. Gynoecium of 
three or four united carpels with a  terminal 
style and lobed stigmas; ovary superior, 
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 3–4-locular, with (1)2 pendulous collateral 
ovules per carpel, when two ovules, they 
are more or less separated by partition 
from the carpellary midrib. Ovules epitro-
pous, with ventral raphe, amphitropous, 
bitegmic. Fruits red schizocarpous, each 
mericarp drupaceous, with one or two 
seeds. Seeds with strongly curved embryo 
and copious endosperm. Plants  producing 
coumarins and triterpenoid bitter sub-
stances, n = 9.  . . . . . . . . 2. cneoraceae.

4 Seeds without endosperm or with scanty 
endosperm.
5 Stylodia connate into terminal style. 

Flowers with a nectary disc.
6 Stamens 4–5.

7 Stigma lobed. Evergreen or decidu-
ous shrubs or trees. Secretory cells 
occur in the leaves. Vessels with sim-
ple perforations; lateral pitting alter-
nate. Fibers with simple pits, septate. 
Leaves alternate and imparipinnate 
(Cedrelopsis) or opposite and parip-
innate (Ptaeroxylon), estipulate, 
leafl ets often with the base asym-
metric, entire. Stomata anomocytic 
or cyclocytic. Flowers in axillary 
multifl orous infl orescences, polyga-
mous (Cedrelopsis) or dioecious 
(Ptaeroxylon),  actinomorphic. Sepals 
four or fi ve, basally slightly connate, 
imbricate or open. Petals four or fi ve, 
free, recurved, much longer than the 
sepals, imbricate or valvate. Stamens 
four or fi ve, free, alternipetalous, 
reduced to staminodia in female fl ow-
ers; anthers dorsifi xed, versatile, 
introrse. Nectary disc well developed, 
intrastaminal, fused to the base of the 
ovary to form a thick gynophore in 
female fl owers. Gynoecium of 3–5 
(Cedrelopsis) or 2 (Ptaeroxylon) 
united carpels, with shortly connate 
stylodia; stigma 2–5-lobed; ovary 
2–5-locular, with one or two ovules 
per locule. Ovules hypotropous, 
campylotropous, or subcampylotro-
pous, bitegmic. Fruits loculicidal 
capsules dehiscing from the central 

column. Seeds fl attened with a long 
terminal wing; testa papery; embryo 
bent, with fl eshy, oily cotyledons; 
endosperm wanting. Producing 
remarkable range of chromones and 
some unusual coumarins, but not 
simarouboides, limonoids, or alka-
loids. . . . . . . . . 9. ptaeroxylaceae.

7 Stigma punctiform. Monoecious 
trees or shrubs. Branchlets marked 
clearly with scars of old leaves, often 
viscid around tips. Vessels with sim-
ple perforations;  lateral pitting alter-
nate. Fibers with simple pores, 
septate. Rays heterogeneous. Axial 
parenchyma  vasicentric. The wood 
of Pleiokirkia is reported to smell 
like honey (Schatz 2001). Leaves 
alternate or more or less opposite, 
mostly crowded at ends of shoots, 
imparipinnate, leafl ets mostly oppo-
site, toothed, estipulate; Stomata 
paracytic (?). Flowers in axillar 
dichasia, polygamous or unisexual, 
actinomorphic, 4-merous. Sepals 4, 
very shortly united at base,  deltoid. 
Petals four, valvate or imbricate, 
much exceeding calyx. Stamens four, 
alternipetalous, inserted  outside and 
beneath disc, in female fl owers much 
reduced;  fi laments slender; anthers 
 dorsifi xed introrse. Pollen grains 
3-colporate, syncolpate. Nectary disc 
intrastaminal, annular, usually fl eshy, 
quadrangular. Gynoecium of 4–8 
united carpels; stylodia slender, 
coherent;  stigmas coherent, capitate. 
Ovary partly immersed in disc, small, 
ampuliform, lobed,  4–8-locular, with 
1–2 small, pendulous ovule in each 
locule. Fruits woody,  prismatic, 
angled, splitting  longitudinally into 
 linear-oblong,  dorsally compressed, 
indehiscent, 1-seeded mericarps with 
leathery  endocarp, suspended from 
the top of a central carpophore, each 
mericarp with the remaining base of 
one of the previously  coherent stylo-
dia refl exed back over its apex. Seeds 
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with slender, slightly curved embryo, 
triangular in cross section, the thin 
testa without endosperm. Producing 
ellagic acid, quassinoids and 
limonoids lacking.. . 8. kirkiaceae.

3 Stamens mostly connate, less often (Cedreleae) 
free. Evergreen trees, rarely shrubs or sucker-
ing  shrublets, sometimes almost herbaceous. 
Bark often bitter. Secretory cells occur in the 
leaves, cortex, and pith of the axis, while secre-
tory cavities present in a few genera. 
Indumentum of uni- or multicellular hairs, less 
often stellate, malpighiaceous, or with lepidote 
scales. Nodes mostly pentalacunar with fi ve 
traces. Vessels with simple perforations; lateral 
pitting  alternate. Fibers with simple or nar-
rowly bordered pits, mostly septate. Rays het-
erogeneous or less often homogeneous. Axial 
parenchyma paratracheal. Leaves alternate or 
rarely opposite, pinnate to bipinnate, unifoli-
olate or simple, with usually entire leafl ets, 
sometimes spines, estipulate. Stomata anomo-
cytic. Flowers mostly small, in various types of 
mostly axillary to supra- axillary infl orescences, 
often caulifl orous or even epiphyllous, bisexual 
or less often polygamous, sometimes monoe-
cious or dioecious (when unisexual often with 
the rudiments of opposite sex), actinomorphic. 
Sepals (2)3-5(-7), sometimes transitional to 
bracteoles, usually more or less connate, imbri-
cate or rarely open or valvate, sometimes more 
or less entire, or closed and basally circumscis-
sile. Petals much longer than the sepals, 3-7(-
14) in one or rarely two cycles, free or 
sometimes basally (rarely in half-length) con-
nate, imbricate or contorted or adnate to the 
fi lament tube and valvate. Androecium diplos-
temonous (of 8–10  stamens) or less often hap-
lostemonous (of 3–6 stamens), rarely the 
stamens numerous (up to 30); fi laments free 
(Cedreleae) or much more often united into a 
staminal tube with anthers in one or two whorls. 
Pollen grains 2–3-celled, 2–5-colporate. 
Nectary disc intrastaminal, annular, sometimes 
adnate to the ovary, sometimes developed into 
an androgynophore. Gynoecium of (1)2-6(-20) 
united carpels, with a  terminal style; the stigma 
often capitate or discoid, lobed or not; ovary 
multilocular or rarely unilocular with parietal 

placentas, occasionally more or less sunken in 
the nectary disc, usually with two ovules, less 
often one, several or many in each  locule (or on 
each placenta). Ovules  anatropous, campy-
lotropous, or orthotropous, generally pendu-
lous and epitropous, with ventral raphe, often 
with a  placental obturator; micropyle (bi)
endostomal. Fruits  septicidal, loculicidal or 
septifragal capsules, less often baccate or 
drupes, very rarely nuts. Seeds winged and 
then attached to woody columella, or with 
corky outer layers, or with fl eshy sarcotesta or 
aril or a combination of both, or none of these, 
with spatulate, white or rarely (Trichilia) green 
embryo; endosperm wanting or rarely well 
developed. Plants usually producing triterpe-
noid bitter substances and sometimes cou-
marins. n = 10–14 + . . . . . . . . 10. meliaceae.
6 Stamens usually twice as many as the 

petals.
8 Leaves usually estipulate.

9 Flowers in axillary or terminal 
racemes, cymes, panicles, or thyrses.
10 Ovule one. Trees and shrubs, rarely 

herbaceous with woody rootstocks 
(sp. of Simaba); bark very  bitter by 
simaroubilide quassinoids. 
Secretory cells containing oil, 
resin, or mucilage, often occur in 
the parenchymatous tissues; secre-
tory canals occur in certain genera, 
especially in the peripheral region 
of the pith; vertical intercellular 
canals, probably traumatic, also 
often present. Vessels with simple 
perforations, rarely some of them 
reticulate; lateral pitting alternate. 
Fibers with simple or bordered 
pits, sometimes septate. Rays 
mostly homogeneous. Axial paren-
chyma of very diverse types. 
Nodes tri- or multilacunar. Leaves 
 alternate or rarely opposite, pin-
nate to unifoliolate or rarely simple 
(Castela), estipulate or rarely 
(Picrasma) stipulate. Stomata ano-
mocytic or less often paracytic. 
Flowers bisexual or more often 
unisexual (dioecious in Simarouba 
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and Castela), and then with the 
rudiments of the opposite sex, acti-
nomorphic,  (3-)4-6(-8)-merous. 
Sepals mostly fi ve, basally connate, 
imbricate or  valvate. Petals mostly 
fi ve, free, imbricate, contorted, or 
valvate, rarely wanting. Stamens 
usually twice as many as the petals, 
less often as many and alternate 
with the petals, rarely more than 
twice as many as the petals, free; 
fi laments often with ventral append-
ages near the base; anthers basifi xed 
(Soulamea, and more or less ventri-
fi xed in Ailanthus) or dorsifi xed, 
introrse (usually), or extrorse to 
latrorse (Ailanthus, Soulamea). 
Pollen grains 2-celled, 3-colporate 
or colporoidate. Nectary disc usu-
ally well developed, intrastaminal, 
sometimes modifi ed into a short 
gynophore or androgynophore. 
Gynoecium of one (Amaroria), or 
2-5(-8) mostly more or less united 
carpels, sometimes connate by their 
stylodia, rarely (Picrolemma, spe-
cies of Ailanthus) free; ovary supe-
rior, 2-5(-8)-locular; ovule solitary 
in each carpel or each locule, hemi-
anatropous to anatropous, pendu-
lous; micropyle zig-zag, endostomal 
in Brucea. Fruits of various types. 
Seeds with straight or curved, green 
oily embryo; cotyledons large, 
expanded; endosperm thin or none. 
Bark, wood and seeds are often 
very bitter by simaroubilide quassi-
noids and limonoids, alkaloids and 
fl avonols present or absent, ellagic 
acid, kaempferol, and quercetin 
present; n = 8, 13 +.. . . . . . . . . . . .
3. simaroubaceae.

10 Ovules two. Dioecious, evergreen 
small trees or shrubs, rarely sub-
shrubs, non-laticiferous and with-
out coloured juice; bark often very 
bitter. The indumentum consists of 
simple hairs. Vessels with simple 
perforation. Xylem with fi bre trac-

heids Nodes trilacunar with three 
traces. Leaves alternate, petiolate, 
conduplicate, imparipinnate, shiny 
and with wavy margins (many 
Picramnia), estipulate. Stomata 
anomocytic. Flowers in terminal or 
axillary racemes or panicles, or 
 caulifl orous, small or minute, acti-
nomorphic,  3-5(-6)-merous. Sepals 
imbricate or valvate, persistent. 
Petals 3-5(-6), imbricate, some-
times absent from male fl owers or 
reduced in female fl owers. Stamens 
3-5(-6), isomerous with the peri-
anth, opposite the petals, some-
times borne on a column; anthers 
versatile, introrse. Pollen grains 
 2-locular, 3-colporate. Gynoecium 
of 2–3 carpels; ovary superior, 
1–3-locular; styles shorter than the 
ovary, stigmas 2(3), divergent, per-
sistent. Placentation axile to api-
cal, or basal. Ovules pendulous 
(when  apical), or ascending (when 
basal), apotropos or epitropous. 
Fruits berry or capsular indehis-
cent and a samara (Alvaradoa). 
Seeds plano-convex to narrowly 
 ellipsoid, with straight or curved 
embryo, cotyledons large, 
endosperm lacking (Alvaradoa). 
Arthroquinones detected, polyace-
tate derived.  . .4. picramniaceae.

9. Flowers in erect axillary catkins of 
reduced dichasia, dioecious, rarely 
with bisexual fl owers among the males 
ones, small, inconspicuous, preco-
cious. Male infl orescences lax, of 
40–50 small 3-fl owered cymules, the 
fl owers without bracteoles and a peri-
anth. Stamens 1–4(5); fi laments short, 
free; anthers tetrasporangiate, bas-
ifi xed, opening longitudinally. Pollen 
grains 3–6-colporate, minutely verru-
cate, with a microperforate tectum. 
Female infl orescences stiffl y spikelike, 
with sessile solitary fl owers inserted in 
the axils of the bracts, each fl ower with 
two bractlets and a perianth of (3)4(-
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8). Gynoecium typically of one carpel, 
but occasionally gynoecia of two 
united carpels and with  2-locular ovary 
occurring; stylodium linear, with long, 
decurrent ventral stigma; each carpel 
with one ovule. Ovules anatropous to 
hemitropous, bitegmic. Fruits dry 
drupes. Seeds testal, with large, 
straight, linear embryo, perisperm of a 
few cell-layers, and thin starchy 
endosperm. Small deciduous trees and 
shrubs with very soft, slightly porous, 
and extremely light wood; bark bitter. 
Secretory canals with yellow resinous 
 contents present at the margins of the 
pith and extending into the minor veins 
of the leaf. Vessels with simple perfo-
rations; lateral pitting scalariform to 
opposite. Fibers with extremely small 
simple pits. Rays exclusively uniseri-
ate, composed of rather large, oblong 
to square cells. Axial parenchyma 
paratracheal, scanty to vasicentric, and 
in fi ne terminal bands. Secondary 
phloem including concentric, tangen-
tially compressed layers of thin-walled 
fi bers. Sieve-element plastids of 
S-type. Nodes trilacunar. Leaves alter-
nate, simple, entire, pinnately veined, 
glandular, estipulate. Stomata anomo-
cytic. minute segments. Tanniferous. 
n = 16.. . . . . . . . . . 5. leitneriaceae.

8 Leaves with well-developed stipules. Trees. 
Vessels with simple perforations; lateral 
pitting alternate. Rays homogeneous. 
Leaves alternate, simple, entire,  pinnately 
veined, coriaceous, with large or very long 
intrapetiolar stipules folded around the ter-
minal bud, early caducous and leaving a 
very distinct scar. Stomata paracytic. 
Flowers small, in axillary or terminal 
 panicles, bisexual, actinomorphic. Sepals 
fi ve, small, imbricate. Petals fi ve, free, 
imbricate. Stamens 10(9), free, inserted 
below the large intrastaminal nectary disc; 
anthers sub-basifi xed, short. Pollen grains 
 3-colporate. Gynoecium of two 
(Desbordesia) or 5–4 united carpels with 
terminal short simple style; ovary 2- or 

5–4-locular, with one ovule per locule, pen-
dulous from the tip of the central axis. Fruits 
drupes or (Desbordesia) broadly winged 
samara. Testa thick, much sclerotised; 
endosperm slight to copious; cotyledons 
large, cordate. . . . . . . . . . 7. irvingiaceae.

5 Stylodia free, ventral or ventral-basal. Shrubs or 
small trees; trichomes simple or glandular or 
plants glabrous. Vessels with simple perfora-
tions. Rays  heterogeneous or less often homoge-
neous. Nodes  unilacunar with one traces. Leaves 
small, alternate,  usually simple and entire, peti-
olate or almost sessile, stipulate or estipulate. 
Stomata anomocytic or anisocytic. Flowers in 
large mixed panicles, leafy racemes, or solitary 
in the axils, actinomorphic, bisexual, sometimes 
unisexual or polygamous. Sepals 5(-7), free or 
connate at the base, imbricate, persistent. Petals 
fi ve, shortly clawed, imbricate, or less often 
(Stylobasium) wanting. Stamens ten, in two 
cycles, in Suriana the inner (antepetalous) 
shorter or sterile or abortive;  fi laments subulate 
or fi liform, glabrous or basally pilose, caduceus 
or persistent; anthers basifi xed (Stylobasium) 
or dorsifi xed, extrorse or introrse. Pollen 
grains  3-zonocolporate (Claxton et al. 2005). 
Gynoecium of one carpel (Stylobasium), one to 
seldom two carpels (Guilfoylia and Recchia) 
or fi ve free carpels (Suriana and Cadellia); 
each carpel with a ventral-basal fi liform stylo-
dium (more or less sygmoid in Stylobasium); 
ovary superior; stigma scarcely capitate or 
(Stylobasium) peltate and glandular. Ovules two 
in each carpel, anatropous, bitegmic, crassinu-
cellate; outer integument not contributing to the 
micropyle. Fruits 1-seeded, drupaceous, bac-
cate, or bony nuts. Seeds small, endocarp with 
outer layer of palisade sclereids, exotestal cells 
enlarged, cuboidal, tanniniferous, rest crushed; 
embryo curved or folded; cotyledons usually 
thickened, endosperm very little (Stylobasium) 
or lacking. Proanthocyanidins present or 
absent.  . . . . . . . . . . . . . . . . . . .6. surianaceae.

1 Plants usually strongly resinous, with vertical inter-
cellular resin-canals in the bark and often also hori-
zontal ones in the wood-rays, usually also with 
similar resin-ducts in the phloem of the larger veins 
of the leaves; plants seldom producing alkaloids 
and only seldom with triterpenoid compounds.
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11 Ovary with two or rarely one epitropous ovules 
in each locule. Trees or less often shrubs, rarely 
epiphytes; brown bark often fl aky, resin present, 
often aromatic and smelling like turpentine. 
Parenchymatous tissues often with scattered 
mucilage cells. Vessels with simple perforations 
(or in Beiselia predominantly with simple but 
occasionally with scalariform perforations). 
Fibers usually septate. Rays heterogeneous or 
more often homogeneous. Nodes mostly penta-
lacunar. Leaves alternate, rarely opposite, pin-
nately compound or decompound, rarely simple 
(1-foliolate), toothed, usually estipulate. 
Infl orescences axillary to subterminal, indeter-
minate panicles of racems, laxly branched or 
variously reduced, sometimes short and fascicu-
late. Flowers small, bisexual or more often uni-
sexual (usually dioecious), actinomorphic. 
Sepals (3)4-5, mostly basally connate, valvate. 
Petals (3)4-5, mostly free, induplicate-valvate, 
usually greenish-yellow, sometimes wine red 
(Dacryodes and Trattinnickia), rarely wanting. 
Some genera (e.g. Garuga) have a  well-developed 
hypanthium. Stamens 6–10, in one or more often 
two cycles, obdiplostemonous, the antesepalous 
cycle often more or less reduced; fi laments free 
or rarely connate; anthers slightly dorsifi xed to 
 basifi xed, slightly versatile, introrse. Staminodia 
often present in the female fl owers. Nectary disc 
intrastaminal or rarely extrastaminal, annular or 
cupular, usually orange or red. Gynoecium of 
(2)3-5 united carpels, or rarely (Beiselia) of 9–12 
carpels; style with 2–5-lobed or capitate stigma; 
ovary (2)3–5-locular, with 2 or rarely 1 pendu-
lous ovule per locule. Ovules with  ventral raphe 
and upwardly and outwardly directed micropyle, 
hemitropous to campylotropous, rarely orthotro-
pous, bitegmic or rarely unitegmic. Fruits more 
or less drupaceous with 1–5 one-seeded pyrene 
or with one plurilocular pyrene, rarely septicidal 
 capsules. Seeds with straight or curved minute 
embryo and almost without endosperm; coty-
ledons folded, usually palmately lobed, n = 11, 
13, 23.. . . . . . . . . . . . . . . . . . .11. burseraceae.

11 Ovary with one apotropous or epitropous ovule 
in each locule.

12 Pedicels of the female fl owers not adnate to 
the bract. Trees, shrubs, less frequently wines, 
scandent shrubs or woody lianas, rarely sub-
shrubs (some  species of Rhus). Resin canals 

present, clear or viscous to milky sap present, 
often poisonous. Vessels with  simple perfora-
tions, but sometimes some of the perforations 
scalariform or reticulate (in Heeria with many 
bars). Nodes mostly trilacunar with 3 traces. 
Leaves alternate or rarely opposite, imparip-
innate or trifoliolate, less often simple, with-
out stipules or very rarely with inconspicuous 
and vestigial stipules. Flowers in terminal or 
axillary and usually paniculate infl orescences, 
mostly unisexual (often with rudiments of 
other sex), seldom apetalous or even without 
perianth (e.g., male fl owers of Pistacia). 
Sepals and petals each (3)5(-7), valvate or 
imbricate. Sepals usually connate. Petals free 
or less often basally connate. Stamens 5–10, 
rarely more numerous or only 1 fertile sta-
men; fi laments free or rarely basally connate, 
borne outside or rarely within the usually 
annular, sometimes 5-lobed nectary disc, or 
the disc modifi ed into a short gynophore, as 
in Anacardium; anthers dorsifi xed, rarely bas-
ifi xed. Staminodia present in female fl owers. 
Gynoecium sometimes of 5(4–6) or occa-
sionally up to 12 (as in Pleiogynium) free 
carpels and then usually only one fertile (as 
in Buchanania and Androtium) or monomer-
ous (as in Mangifera, Anacardium and 
related genera), but more often it consists of 
3, less often 4–5 or 2 united carpels; stylodia 
free or united into a style; ovary superior or 
rarely (Drimycarpus, Holigarna) inferior, in 
plurilocular ovaries often with only one loc-
ule fully developed, with one apical and pen-
dulous to basal and erect ovule in each carpel 
or each fertile locule. Ovules anatropous, 
apotropous, unitegmic or bitegmic, often with 
a placental obturator at the base of the long 
funiculus; micropyle zig-zag. Fruits usually 
drupaceous, with more or less resinous meso-
carp, occasionally samaroid, rarely subtended 
by a large fl eshy hypocarp (Anacardium). 
Seeds often more or less pachychalazal, exot-
estal cells and endotegmen thickened, ligni-
fi ed; embryo usually more or less curved, 
oily; endosperm scanty or none; cotyledons 
fl eshy. Present bifl avonyls, 5-deoxyfl a-
vonoids, and phenols with unsaturated side 
chains (allergenic), n = 7–12, 14–16, 21.
  . . . . . . . . . . . . . . . . . . . 12. anacardiaceae.
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12 Pedicels of the female fl owers adnate to the 
large bract. Shrubs or perennial, rhizomatous 
herbs. Vessels with simple perforations. Leaves 
alternate or opposite, long petiolate, simple, 
entire and pinnately veined (Dobinea) or 3-lobed 
and palmately veined (Campy lopetalum), 
serrate, estipulate. Flowers in terminal thyrses, 
unisexual and dioecious; bracts linear or 
(Campylopetalum) some in male infl orescences 
large, long-stalked and membranous-reticulate. 
Male fl owers: calyx cupular, 4–5-dentate, open 
in bud; petals 4–5, free, clawed, valvate, some-
times  elongate-fi liform; stamens 8–10; fi la-
ments free or adnate to the pistillodium if one is 
present; anthers short, extrorse or introrse. 
Pollen grains 3(4)-colporate, reticulate. 
Pistillodia sometimes present. Female fl owers 
without perianth, with more or less developed, 
annular nectary disc. Gynoecium of 1 carpel; 
ovary superior, 1-locular; style very short or 
elongate-fi liform with lateral stigma; ovule soli-
tary, pendulous from the long basal funicle, ana-
tropous. Fruit a lenticular compressed achene, 
attached to the midrib of accrescent bract. Seeds 
without endosperm; cotyledons 2, fl at, oval, n = 
7 (Campylopetalum).. . . . . . . . 13. podoaceae.

1. RUTACEAE

A. L. de Jussieu 1789 (including Amyridaceae Kunth 
1824, Aurantiaceae A.L. de Jussieu 1789, Boroniaceae 
J.G. Agardh 1858, Citraceae Roussel 1806, Dictam-
naceae Vest 1818, Diosmaceae R. Brown 1814, Diplo-
laenaceae J.G. Agardh 1858, Flindersiaceae C. T. White 
ex Airy Shaw 1965, Fraxinellaceae Nees von Esenbeck 
et Martius 1823, Jamboliferaceae Martynov 1820, 
Pilocarpaceae J.G. Agardh 1858, Pteleaceae Kunth 
1824, Spatheliaceae J. Agardh 1858, Zanthoxylaceae 
Berchtold et J. Presl 1820). 160/1650–1800. Widely 
distributed in tropical, subtropical, and  warm-temperate 
regions, especially in South Africa and Australia.

1.1 RUTOIDEAE
Gynoecium usually of 4–5 carpels, rarely of 3–1 or 
more than 5 separate carpels, often united only by 
 stylodia and stigmas and more or less divided when 
ripe. Ovary with two or fi ve deep lobes. Fruits with 
loculicid dehiscence, rarely fl eshy drupes. –  zantho-
xyleae: Bosistoa, Bouchardatia, Zanthoxylum (includ-

ing Fagaria), Tetradium, Geijera, Comptonella, Euodia, 
Evodiella, Tetractomia, Boninia, Orixa, Melicope, 
Pentaceras, Plethadenia, Decazyx, Lunasia, Decatropis, 
Polyaster, Megastigma, Medicosma, Peltostigma, 
Brombya, Choisya, Platydesma, Dutaillyea, Pitavia; 
ruteae: Boenninghausenia, Psilopeganum, Ruta, 
Haplophyllum, Thamnosma, Cneoridium, Dictamnus; 
boronieae: Boronia (including Cyanothamnus), 
Boronella, Acradenia, Myrtopsis, Zieria, Eriostemon, 
Crowea, Phebalium, Rhadinothmnus, Nematolepis, 
Chorilaena, Muiriantha, Asterolasia, Philotheca, 
Urocarpus, Druimmondita, Microcybe, Geleznowia, 
Correa, Diplolaena; diosmeae: Calodendrum, Agathosma 
(including, Barosma), Adenandra, Coleonema, 
Acmadenia, Diosma, Phyllosma, Macrostylis, Euchaetis, 
Empleurum; cusparieae: Pilocarpus, Esenbeckia, 
Metrodorea, Spiranthera, Almeidea, Euxylophora, 
Adiscanthus, Leptothyrsa, Ticorea, Lubaria, Rauia, 
Galipea, Raputia, Decagonocarpus, Angostura (includ-
ing Cusparia), Erythrochiton, Naudinia, Ravenia, 
Monnieria.

1.2 SPATHELIOIDEAE
Gynoecium of (2)3 united carpels, with two pendulous 
ovules in each locule. Fruits winged drupes. Secretory 
cells and lysigenous oil glands present at the margins 
of leaves. – Spathelia, Harrisonia.

1.3 DICTYOLOMATOIDEAE
Gynoecium of fi ve carpels united only at base; each car-
pel with several ovules. Fruits of separating 3–4-seeded 
carpels. Androecium haplostemonous. – Dictyoloma.

1.4 TODDALIOIDEAE
Gynoecium of 5–2 united carpels or of only 1 carpel, 
each with 2–1 ovules. Fruits drupes or dry and winged. 
Endosperm present or wanting. Leaves and bark with 
lysigenous oil glands. – toddalieae: Phellodendron, 
Fagaropsis, Helietta, Balfourodendron, Ptelea, Oricia, 
Diphasia, Araliopsis, Casimiroa, Vepris, Toddalia, 
Toddaliopsis, Oriciopsis, Acronychia, Halfordia, Hortia, 
Skimmia, Amyris, Maclurodendron, Sarcomelicope, 
Teclea, Stauranthus.

1.5 FLINDERSIOIDEAE
Gynoecium of 5 or 3 united carpels with simple style and 
5-lobed peltate stigma and 2–8 biseriate ovules in each 
locule. Fruits woody capsules, septicidal or  loculicidal, 
with 2–8 seeds per locule. Seeds compressed, winged, 
without endosperm. – Flindersia, Chloroxylon.
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1.6 AURANTIOIDEAE (CITROIDEAE)
Fruits hesperidia (berrylike fruits often with periderm 
and with pulp derived from multicellular juice sacs that 
fi ll the locules when the fruit ripens). Seeds without 
endosperm, often with two or more embryos. Lysigenous 
oil glands present. – Aurantieae: Poncirus, Citrus, 
Burkillanthus, Clymenia, Oxanthera, Microcitrus, 
Fortunella, Citropsis, Eremocitrus, Limonia ( including 
Feronia), Triphasia (including Echinocitrus), 
Monanthocitrus, Wenzelia, Naringi, Balsamocitrus; 
clauseneae: Murraya, Luvunga, Paramignya, 
Micromelum, Glycosmis, Merrillia, Pleiospermium, 
Clausena, Atalantia, Severinia, Pamburus, Merope, 
Swinglea, Balsamocitrus, Aegle, Afraegle, Aeglopsis, 
Feroniella.

Rutaceae are a very diversifi ed and extremely het-
erobathmic family.

2. CNEORACEAE

Vest 1818. 1/3. Canary Islands (C. pulverulentum), 
Mediterranean (C. tricoccon, coasts of Spine, France, 
Italy, the Balearic Is., Sardinia), Cuba (C. trimerum).

Cneorum (including Neochamaelea = C. 
pulverulentum).

Close to the Rutaceae (see Heimsch 1942; Straka et 
al. 1976; Lobreau-Callen et al. 1978; Boesewinkel 
1984; Plisko 1996), especially to Ruteae.

3. SIMAROUBACEAE

A. P. de Candolle 1811 (including Ailanthaceae J.G. 
Agardh 1858, Castelaceae J.G. Agardh 1858, 
Holacanthaceae Engler 1896, Quassiaceae Bertolini 
1827, Simabaceae Horaninow 1847, Soulameaceae 
Endlicher ex Bullock 1958). 21/150. Tropical and sub-
tropical regions, with some species of Picrasma and 
Ailanthus in temperate eastern Asia.

Eurycoma, Quassia (including Samadera, 
Odyendea), Pierreodendron, Iridosma, Simarouba, 
Simaba, Hannoa, Castela, Brucea, Laumoniera, 
Picrasma, Perriera, Picrolemma, Ailanthus, Amaroria, 
Soulamea, Gymnostemon, Gumillea, Nothospondias.

According to Simao et al. (1991), the presence of 
canthinones and beta-carbolines suggests the deriva-
tion of the Simaroubaceae from protorutaceous stock.

4. PICRAMNIACEAE

Fernando et Quinn 1995. 2/50. Southeastern U.S.A., 
Central and South America, West Indies.

4.1 PICRAMNIOIDEAE
Placentation axille to apical, ovules pendulous, epitro-
pous. Fruit berry; seed coat vascularised, unlignifi ed, 
inner layers crushed, embryo minute. – Picramnia.

4.2 ALVARADOIDEAE
Placentation basal to axile; ovules ascending,  apotro-
pous. Fruit a samaroid capsule; exotesta resinous. – 
Alvaradoa.

Related to the Simaroubaceae.

5. LEITNERIACEAE

Bentham and J. D. Hooker 1880. 1/1. Coastal plains of 
the southeastern United States from southern Missouri 
to eastern Texas and northern Florida.

Leitneria.
Serotaxonomical studies suggest relationships with 

the Rutales, especially with the Simaroubaceae 
(Petersen and Fairbrothers 1983, 1985). Thorne (2000, 
2006) included Leitneria in the Simaroubaceae. 
However, from Simaroubaceae the Leitneriaceae  differ 
in many important characters and I prefer to consider 
then other separate family closely related to 
Simaroubaceae.

6. SURIANACEAE

Arnott 1834 (including Stylobasiaceae J. Agardh 
1858). 5/8. Tropical littorals (Suriana), subtropical 
Australia (Cadellia), northeastern and eastern cen-
tral Australia (Guilfoylia), northwestern Australia 
(Stylobasium), and Mexico (Recchia).

stilobasieae: Stylobasium; surianeae: 
Suriana, Cadellia, Guilfoylia; rigiostachyeae: 
Recchia (Rigiostachys).

Closely related to the Simaroubaceae, and Engler in 
his Sylabus (1964) and Hutchinson (1969) include they in 
that family. However from the Simaroubaceae they dif-
fers in usually (except two of three species of Recchia) 
simple, entire leaves, the absence of terpenoid lactones or 
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simaroubolides (quassinoids), and especially in the pres-
ence of distinctive endocarp with its outer palisade layer 
of sclereids, characteristic of all fi ve genera including 
Stylobasium and Recchia (Fernando and Quinn 1992).

According to Fernando and Quinn (1992: 285), the 
absence of a sclerifi ed layer in the mature pericarp of 
Guilfoylia “is atypical of the Surianoideae and indeed of 
all the other subfamilies, and also  reinforces the distinc-
tion between this genus and Cadellia…, with which it 
has sometimes been  combined…. This condition might 
be interpreted, then, as a specialization of the Suriana-
type that was probably associated with a change in dis-
persal mechanism, although the evidence for the 
inclusion of Guilfoylia within the Surianaceae obviously 
needs to be evaluated in the light of this marked differ-
ence in pericarp anatomy.”

7. IRVINGIACEAE

Exell et Mendonça 1951. 3/8 Tropical Africa, 
Madagascar, Southeast Asia, and Malesia. Irvingia (4) 
occurs in tropical Africa, Indochina, Malay Peninsula, 
and Borneo. Klainedoxa (3) and Desbordesia (1) are 
endemic to tropical Africa.

Klainedoxa, Desbordesia, Irvingia.
Closely related to the Simaroubaceae.

8. KIRKIACEAE

Takhtajan 1967. 2/6. Tropical and South Africa 
(Kirkia, 5) and Madagascar (Pleiokirkia, 1).

Kirkia, Pleiokirkia.
Closely related to the Simaroubaceae but differing 

from them in wood anatomy (Webber 1936; Heimsch 
1942; Metcaife and Chalk 1950), aestivation of petals 
(“induplicate-imbricate” – Airy Shaw in Willis 
[1973:616]), pollen morphology (Erdtman 1952), the 
broad, strongly lignifi ed endocarp with prolifi c layers 
of crystalliferous cells (Fernando and Quinn 1992), 
mode of dehiscence of fruits, and seed anatomy.

9. PTAEROXYLACEAE

J. Leroy 1960. 2/8. Near the Atlantic coast of tropical 
West Africa and eastern and southeastern Africa 
(Ptaeroxylon, 1) and Madagascar (Cedrelopsis, 7).

Ptaeroxylon, Cedrelopsis.
These two genera have traditionally been included 

either in Meliaceae or Simaroubaceae. From both of 
them they differ in many respects, and Leroy (1960), 
Sender (1960), Airy Shaw (in Willis 1973), Pennington 
and Styles (1975), Takhtajan (1980, 1987), Dahlgren 
(1983, 1990), Waterman and Grunden (1983), and 
Dahlgren and van Wyk (1988) consider them a  separate 
family. However, the Ptaeroxylaceae are closely related 
to the Simaroubaceae and the Kirkiaceae.

10. MELIACEAE

A. L. de Jussieu 1789 (including Cedrelaceae R. Browne 
1814, Swieteniaceae Berchtold et Presi 1820). 
 52/600–650. Tropical and subtropical regions with a 
few species, including Melia azederach and Cedrela 
sinensis, in warm-temperate areas.

10.1 MELIOIDEAE
Buds naked. Stigma capitate. Fruits fl eshy or leathery 
loculicidal capsules, berries, drupes or nut, usually not 
winged; seeds usually with arillode or sarcotesta. – 
turraeeae: Munronia, Naregamia, Turraea, 
Humbertioturraea, Calodecaryia, Nymania (Aitonia); 
melieae: Melia, Azadirachta, Trichilla, Pseudobrsama, 
Pterorhachis, Walsura, Lepidotrichilia, Malleastrum, 
Ekebergia, Astrotrichilia, Owenia, Cipadessa; 
vavaeeae: Vavaea; aglaieae: Aglaia, Lansium, 
Aphanamixis, Reinwardtiodendron, Sphaerosacme; 
guareeae: Heckeldora, Ruagea, Turraeanthus, 
Guarea, Chisocheton, Megaphyllaea, Synoum, 
Anthocarapa, Pseudocarapa, Dysoxylum; sandoric-
eae: Sandoricum.

10.2 QUIVISIANTHOIDEAE
Loculicidal capsule. Seeds dry, winged. – Quivisianthe.

10.3 CAPURONIANTHOIDEAE
Buds naked. Leaves opposite, decussate. Fruits dry. 
Seeds with corny sarcotesta. n = 29. – Capuronianthus.

10.4 SWIETENIOIDEAE
Buds usually with scales. Fruits woody, septifragal 
capsules with central columella and winged seeds or 
columella rudimentary and seeds with woody or corky 
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sarcotesta. – cedreleae: Cedrela, Toona; swietenieae: 
Khaya, Neobeguea, Soymida, Entandrophragma, 
Chukrasia, Pseudocedrela, Schmardaea, Swietenia, 
Lovoa; xylocarpeae: Xylocarpus.

11. BURSERACEAE

Kunth 1824 (including Balsameaceae Dumortier 
1829). 17/550. Pantropical, especially America, north-
eastern Africa, and Malesia.

bursereae: Aucoumea, Triomma, Beiselia, 
Boswellia, Bursera, Commiphora; protieae: Protium, 
Crepidos permum, Tetragastris, Garuga, Tapirocarpus; 
canarieae: Canarium, Dacryodes, Santiria, 
Haplolobus, Scutinanthe, Trattinnickia.

12. ANACARDIACEAE

R. Brown 1818 (including Blepharocaryaceae Airy 
Shaw 1965, Cassuviaceae R Brown 1818, 
Comocladiaceae Martynov 1820, Julianiaceae Hemsley 
1906, Lentiscaceae Horaninow 1847, Pistaciaceae 
Martius ex Perleb 1838, Rhoaceae Sprengel ex Sadler 
1826, Schinaceae Rafi nesque 1837, Spondiaceae 
Martynov 1820, Terebinthaceae A. L. de Jussieu 1789, 
Vernicaceae Link 1831). 75–78/600–900. Mainly trop-
ical and subtropical regions, but with some species in 
warm-temperate zones.

12.1 ANACARDIOIDEAE
Gynoecium of fi ve free carpels or of one carpel. Leaves 
simple, entire. – Buchanania, Androtium, Mangifera, 
Fegimanra, Anacardium, Gluta, Swintonia, Bouea.

12.2 SPONDIOIDEAE
Gynoecium of 3–5 or more united carpels, rarely 
only 1 fertile. Leaves usually pinnate, rarely simple. 
– spondieae: Spondias, Dracontomelon, Sclerocarya, 
Choerospondias, Poupartia, Pegia, Lannea, Tapirira, 
etc.; rhoeae (rhoideae): Sorindela, Trichoscypha, 
Parishia, Campnosperma, Euroschinus, Schinus, 
Schinopsis, Blepharocarya, Cotinus, Heeria, Comocladia, 
Metopium, Rhus, Poupartiopsis, Woodfordia, 
Quebrachia, Toxicodendron, Astronium, etc.; seme-
carpeae: Nothopegia, Melanochyla, Semecarpus 
Drimycarpus, Holigarna.

12.3 JULIANIOIDEAE
Flowers much reduced, the female ones without  perianth. 
Nectary disc and gynophore wanting. Ovary  unilocular, 
with a single unitegmic ovule. – Orthopterygium, 
Amphipterygium (Juliania).

12.4 PISTACIOIDEAE
Flowers much reduced, apetalous, dioecious, chala-
zogamous. Gynoecium of three united carpels, but 
with two of the carpels represented only by their stylo-
dia; ovary 1-locular, with a single ovule. – Pistacia.

13. PODOACEAE

Baillon ex Franchet 1889. 2/3. Eastern Himalayas 
(Nepal, Sikkim), southern China (Yunnan) (Dobinea), 
and Thailand (Campylopetalum).

Dobinea (Podoon), Campylopetalum.
Close to the Anacardiaceae but differing from them 

in the gynoecium morphology, cytologically (Carlin in 
Forman 1954), and palynologically (Erdtman 1952; 
Forman 1954; Kuprianova 1965). Hutchinson (1959, 
1973) accepts the separate family Podoaceae but places 
it near the Sapindaceae. However, both the anatomy of 
vegetative organs (Heimsch 1942; Metcaife in Forman 
1954) and gross morphology (Forman 1954) suggest 
affi nity with the Anacardiaceae.
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Order 95. CORIARIALES

Erect or scandent shrubs or less often subshrubs or 
perennial herbs, usually with scaly buds. Twigs  angular, 
with numerous corky lenticels. Usually with nitrogen-
fi xing bacteria in nodules in the roots. Young stems 
with large pith. Vessels with simple perforations; lat-
eral pitting alternate. Fibers with simple pits. Rays 
broad (up to 15 cells wide), homogeneous. Axial 
parenchyma paratracheal, scanty. Sieve-element plas-
tids of S-type. Nodes unilacunar. Leaves opposite or 
less often verticillate, simple, entire, palmately veined, 
with minute, often caducous stipules. Flowers small, 
numerous, in terminal or axillary racemes, greenish, 
bisexual or sometimes polygamous, actinomorphic or 
nearly so. Plants entomophilous. Sepals fi ve, free, 
imbricate, persistent. Petals fi ve, free, purplish, valvate, 
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usually shorter than sepals, mostly keeled inside, per-
sistent, becoming more or less fl eshy in fruits. Stamens 
ten, in two cycles; fi laments fi liform, free or those 
opposite the petals, adnate to petal keel; anthers large, 
oblongish, tetrasporangiate, basifi xed or slightly dorsi-
fi xed, opening longitudinally, sometimes apiculate. 
Tapetum secretory. Microsporogenesis simultaneous. 
Pollen grains 3-celled, with (2)3(4)-colporate or 
3(4)-pororate. Gynoecium of fi ve or seldom ten 
 carpels; carpels free or sometimes basally united, 
adnate to the shortly columnar receptacle, each with a 
long slender ventral stylodium that is papillate, stig-
matic all around for most of its length, usually diver-
gent; each carpel with one pendulous ovule. Ovules 
anatropous, with dorsal raphe, bitegmic, crassinucel-
late, micropyle endostomal. Female gametophyte or 
Polygonum-type. Endosperm nuclear. Fruits of sepa-
rate hard-walled 5–10 achene-like mericarps, more or 
less enclosed by the much accrescent, fl eshy petals. 
Seeds small, rather compressed, red-brown; exotesta 
of cuboid,  thick-walled; embryo straight, oily; 
 cotyledons two, large, plano-convex; endosperm scanty 
or none. Contain bitter sesquiterpenoid substances and 
producing kaempferol and quercetin, ellagic and often 
gallic acid, strongly tanniferous. n = 10, 15.

A rather isolated taxon that is one of the most 
 controversial with respect to its affi nities. Shows some 
similarities with the Rutales, especially with the 
Simaroubaceae, which is supported also by wood ana-
tomical studies (Carlquist 1985), embryology (Kamelina 
1991), and chemical data (Bohm and Ornduff 1981).

1. CORIARIACEAE

A. P. de Candolle 1824. 1/15–20. Western Mediter-
ranean, temperate and subtropical Himalayas to Japan 
and New Guinea, New Zealand, South Pacifi c islands 
(including Solomons, Vanuatu, Fiji, Samoa, Society 
Islands), America from Mexico to Chile.

Coriaria.
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Order 96. CORYNOCARPALES

Evergreen trees or shrubs; young stems with separate 
bundles. Vessels with simple perforations, lateral pit-
ting alternate. Fibers with simple or faintly bordered 
pits. Rays very broad (up to 16 cells wide). Axial 
parenchyma vasicentric and in broad paratracheal 
strips. Cambium storied. Sieve-element plastids of 
S-type. Nodes trilacunar. Leaves alternate, condupli-
cate, coriaceous, more or less crowded towards the 
ends of the shoots, shining; stipules intrapetiolar, sub-
tending the axillary bud, deciduous. Stomata paracytic. 
Flowers in terminal panicles and in racemes, bisexual, 



384 Subclass VI. ROSIDAE

actinomorphic, 5-merous. Plants anemophilous. Sepals 
free, strongly imbricate, fl eshy. Petals free, imbricate, 
inserted at the margin of the disc-like receptacle. 
Stamens fi ve, incurved in bud, opposite and basally 
slightly adnate to the petals, alternate with fi ve peta-
loid staminodes attached to the outer surface of the 
nectaries; fi laments fl attened or terete; anthers dorsi-
fi xed, tetrasporangiate, introrse, opening  longitudinally. 
Tapetum secretory. Microsporogenesis simultaneous. 
Pollen grains nearly smooth, 2- colporate, with a short 
colpus at each end. Large cushionlike fi ve nectaries 
borne opposite and internal to petaloid scales (stamin-
odes). Gynoecium pseudomonomerous, reduced to 
one fertile carpel with more or less well-expressed 
trace of a second carpel and very rarely the rudiment of 
the second stylodium; styles short, conduplicate, 
stigma capitate; ovary superior, 1–2-locular, solitary 
ovule pendulous, anatropous, bitegmic, crassinucel-
late, with micropyle directed upwards. Female 
 gametophyte of Polygonum-type. Endosperm nuclear. 
Fruits fl eshy drupes, with fi brous endocarp. Seeds with 
large, straight, oily, and starchy embryo, minute radi-
cle and plumule; endosperm starchy; cotyledons two, 
very large. Plants containing very toxic bitter glyco-
sides, at least in the bark and seed; present kaempferol 
and ellagic acid. n = 22, 23.

Both structural similarities with Coriariaceae 
(Matthews and Endress 2004) and molecular studies 
(Nandi et al. 1998; Savolainen et al. 2000; Soltis et al. 
2000; Zhang and Renner 2003) support the affi nity 
with Coriariaceae

1. CORYNOCARPACEAE

Engler 1897. 1/5–7. Aru Islands, New Guinea, Bismarck 
Archipelago, New Britain, New Ireland, Solomon 
Islands, eastern Australia, New Caledonia, Vanuatu, 
New Zealand.

Corynocarpus.
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Order 97. GERANIALES

Mostly herbs, less often deciduous and evergreen trees, 
shrubs, subshrubs. Vessels typically with simple 
 perforations; lateral pitting alternate, scalariform or 
transitional. Fibers with simple pores, often septate. 
Rays heterogeneous or seldom nearly homogeneous, 
often wanting. Axial parenchyma paratracheal and 
also with a few diffusely scattered cells. Sieve-element 
plastids of S-type or Plc-type. Nodes trilacunar or 
rarely unilacunar, pentalacunar or multilacunar 
(Melianthaceae). Leaves alternate or less often 
 opposite, usually compound or dissected or more or 
less lobed, rarely simple and entire, stipulate or 
 estipulate. Stomata paracytic or more often anomo-
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cytic, or diacytic (Francoa). Flowers usually in cymose 
infl orescences or in terminal racemes or panicles, less 
often solitary and axillary, bisexual or rarely unisexual, 
actinomorphic or rarely zygomorphic, 5-merous or 
seldom 4-merous, rarely 3-merous. Sepals free or 
basally connate, imbricate, valvate, or contorted, 
 sometimes persistent. Petals free or basally connate, 
imbricate or contorted, rarely wanting. Nectary disc 
represented by 5 extrastaminal glands or wanting; in 
Francoaceae nectary disc interstaminal. Stamens 
1–2(3) times as many as the sepals or petals, free or 
more often with basally connate; fi laments sometimes 
subulate; anthers slightly introrse or latrorse, basifi xed 
or dorsifi xed,  tetrasporangiate, opening longitudinally. 
Tapetum secretory or plasmodial. Microsporogenesis 
simultaneous. Pollen grains 2-celled or 3-celled, 
3- colpate or 3- colporate, sometimes (Vivianiaceae and 
Rhynchothecoideae) pantoporate or (Ledocarpoideae) 
inaperturate. Gynoecium of (2-)5(6) carpels; stylodia 
free or more or less connate; stigma small, capitate, 
shortly 5-lobed, or commisural (Francoaceae). Ovary 
superior, or (Greyiaceae and Francoaceae), with 
 (1)2-several to numerous, more or less pendulous 
ovules in each locule. Ovules anatropous to campy-
lotropous, sometimes hemitropous, epitropous, with 
the micropyle directed upward, bitegmic, crassinucel-
late. Female gametophyte of Polygonum-type or very 
rarely of Allium-type. Endosperm nuclear. Fruits of 
various types. Seeds usually exotegmic, rarely endote-
gmic (Ledocarpaceae) or seed coat derived from both 
 integuments and not specialized (Rhynchothecoideae 
and Vivianiaceae, except seeds of Caesarea which are 
exotegmic – Boesewinkel, Bouman 2000); embryo 
straight or curved; endosperm copious or scanty, some-
times wanting.

Have a common origin from a rutalean ancestor.

Key to Families
1 Nodes trilacunar or rately unilacunar.

2 Extrastaminal nectary glands usually present.
3 Fruits loculicidal capsules. Leaves estipulate.

4 Androecium of 15 stamens in two cycles 
(10 short antepetalous stamens and 5 long 
antesepalous ones); stamens with persistent 
subulate fi laments and dorsifi xed, introrse 
anthers. Pollen grains 3-colporate. 
Acaulescent perennial herbs from thick tap-
root. Leaves rosulate, alternate, simple, pin-
natifi d. Sieve-element plastids of S-type. 

Infl orescences radical, 1–9-fl owered cymes. 
Flowers bisexual, actinomorphic, 5-mer-
ous. Calyx strongly imbricate, persistent. 
Corolla contorted. Pollen grains tricolpate. 
Extrastaminal lobed nectary disk well 
developed. Gynoecium of fi ve carpels 
attached to central column; stylodia united 
into a simple fi liform style with capitate 
stigma; ovary 5-locular and 5-lobed, with 
about 12–50 axile, biseriate ovules in each 
locule; ovules anatropous to campylotro-
pous (becoming campylotropous after fer-
tilization, via a bulge from the inner 
integument on the raphal side); micropyle 
zig-zag. Fruits tardily and irregularly locu-
licidal capsules or rarely (H. tridentata) 
schizocarp but the mericarps are not beaked. 
Seeds with cochlear embryo with spirally 
folded cotyledons and scanty endosperm; 
seed coat with an exotegmen consisting of 
stellately lobed cells and a crystalliferous 
endotesta.  . . . . . . 1. hypseocharitaceae.

4 Androecium of 10 or 8, sometimes 5 sta-
mens, equal or unequal. Pollen grains peri-
porate. Perennial herbs, sometimes with 
extensive secondary growth, very rarely 
annuals. Hairs glandular. Nodes unilacunar 
with one trace. Leaves opposite, entire, cre-
nate to coarsely dentate, often more or less 
white-tomentose below. Flowers in termi-
nal or apparently lateral, one to many-fl ow-
ered cymes, bisexual, actinomorphic, 
mostly 5-merous. Sepals prominently 
3-veined, more or less connate, lobes val-
vate. Petals free, imbricate. Nectary glands 
as many as and alternate with the  petals, 
entire or 2-lobed. Gynoecium of 3(2) car-
pels. Stylodia almost free or connate, the 
stigmatic surface papillose, often extended 
to cover all or part of the adaxial surface; 
ovary 3(2)-lobed, with two  superposed, 
anatropous, axile ovules (1 ascending, 1 
pendulous) in each carpel. Fruits 3(2)-lobed 
loculicidal capsules. Seeds with much 
curved or circinate green embryo and abun-
dant fl eshy endosperm, seed coat derived 
from both integuments and not specialized 
(except seeds of Caesarea which are exote-
gmic), n = 7. . . . . . . . . . . 3. vivianiaceae.
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3 Fruits schizocarps. Stipules present. Herbs or 
less often subshrubs or shrublets, sometimes 
(Sarcocaulon) with fl eshy stems and bearing 
essential oils. Hairs glandular. Sieve-element 
plastids of S-type. Nodes  trilacunar with three 
traces. Leaves alternate (the upper, often) or 
opposite (the lower, usually), mostly lobed, 
dissected or compound, petiolate, often gland-
dotted and aromatic; stipules well developed, 
interpetiolar or intrapetiolar, usually twinned 
at the base of the petiole. Stomata anomacytic. 
Infl orescences terminal or  axillary, or leaf-
opposite, often pedunculate, usually consisting 
of paired fl owers or umbels, commonly with 
involucral bracts. Flowers bisexual, actinomor-
phic or slightly zygomorphic (Pelargonium), 
5-merous. Sepals free or connate to the mid-
dle, imbricate with valvate tips, persistent. 
Petals 2–5, free, imbricate or rarely contorted, 
caduceus, rarely absent. Stamens 5, or 10, or 
15, sometimes a few sterile, mostly more or 
less connate at the base, obdiplostemonous 
when more than one cycle. Anthers dorsifi xed, 
usually versatile, introrse. Pollen grains 3-col-
pate (Sarcocaulon and Monsoa) or more often 
3-colporate, tectate- columellate, reticulate to 
striate. Gynoecium of 5 carpels; style with 5–3 
stigmatic branches; ovary 5-locular, 5–3-
lobed, with 1–2 pendulous or ascending, anat-
ropous to often campylotropous (becoming 
campylotropous after  fertilization) ovules in 
each locule; micropyle zig-zag. Fruits of fi ve 
1-seeded mericarps that separate elastically 
from a central beak (the persistent style), the 
mericarps often opening to discharge the seed. 
Seeds with usually or more or less curved 
embryo with green cotyledons; endosperm 
much reduced or absent; seed coat with 
exotegmen consisting of thick-walled cells. 
Containing hydrolysable tannins, fl avonols 
(kaempferol, quercetin, and myricetin), com-
monly alkaloids, and sometimes ellagic acid, 
n = mostly 10 (Erodium), mostly 11 (Monsonia, 
Sarcocaulon, Pelargonium), or mostly 14 
(Geranium).. . . . . . . . . . . . . 2. geraniaceae.

2 Extrastaminal nectary glands absent. Small 
shrubs or shrublets. Leaves usually opposite, 
simple or compound, entire or deeply lobed or 
dissected, estipulate. Flowers solitary or in few-

fl owered corymbs or terminal racemes, bisexual, 
actinomorphic, 5-merous. Sepals free, imbricate. 
Calyx with an epicalyx of a whorl of bracteoles 
(Ledocarpoideae), or epicalyx wanting 
(Rhynchotheca). Petals imbricate (Wendtia) or 
contorted (Balbisia), or absent (Rhynchotheca). 
Stamens ten, free, alternisepalous; anthers 
extrorse or introrse. Pollen grains inaperturate, 
periporate (Rhynchotheca). Gynoecium of fi ve 
(Balbisia and Rhynchotheca) or three (Wendtia) 
carpels. Stylodia free, short (Wendtia), or stig-
mas sessile (Balbisia); ovary 3- or 5-locular, 
ovules 1–2 (Wendtia, Rhynchotheca), or 5–50 
(Balbisia) per locule, pendulous, anatropous to 
campylotropous, with ventral raphe. Fruits cap-
sules, valvular (‘septifragal’) or loculicidal. 
Seeds endotegmic, embryo straight, with thin 
endosperm, n = 9.  . . . . . . . . 4. ledocarpaceae.

1 Nodes pentalacunar or multilacunar.
5 Stipules intrapetiolar, relatively small, papery 

and caduceus (Bersama) or often large, showy 
and  persistent. Capsules loculicidal. Flowers 
more or less zygomorphic, bisexual or polyga-
mous, in axillary or terminal racemes, often 
large, resupinate by twisting of the pedicel. 
Sepals 5 or 4, unequal, free or basally connate, 
imbricate. Petals 4–5, free, clawed, fi ve and 
unequal or one abortive. Nectary disc extrastami-
nal, unilateral, well developed. Stamens 4–5, 
sometimes 8, often declinate, free or sometimes 
basally connate; anthers dorsifi xed, slightly ver-
satile, introrse. Pollen grains 3-celled, 3-colpo-
rate. Gynoecium of 4(5) carpels; style with four 
to fi ve-lobed stigma; ovary superior, slightly 
sunken, 4–5-locular, each locule with 
1 basal (Bersama) or 2–5 axile (Melianthus), 
erect to pendulous ovules; ovule of Bersama may 
smell of mustard, and ovule of Melianthus – 
smells nasty. Fruits capsules, opening loculicid-
ally or only at the apex, in Melianthus papery or 
coriaceous, infl ated and longitudinally deeply 
sulcate and sometimes apically lobed, in Bersama 
tough-walled, often woody, dehiscing 
 longitudinally by 4–5 valves. Seeds exotestal, the 
 tegmen is crushed and unlignifi ed; embryo small 
or large, straight, endosperm copious, starchy or 
oily, exarillate in Melianthus and subtended by a 
large  yellowish aril in Bersama. Characteristic 
anatomical feature is the presence of styloids in 
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vegetative parts and sometimes also in the seed 
coat. Nodes penta- or multilacunar. Evergreen 
subshrubs (Melianthus), or gard-wooded shrubs, 
or small trees. Leaves alternate, imparipinnate, 
or occasionally trifoliate, conduplicate, strong 
odour. Stomata anomocytic. Toxic principles, 
known as bufadienolides, present in both genera. 
Producing fl avonols (quercetin), ellagic acid; 
present traces of inulin and elongated prismatic 
crystals. n = 18, 19. . . . . . . . 5. melianthaceae.

5 Stipules absent, capsules septicidal.
6 Leaves simple, slightly peltate, crenately or 

dentately lobed. Soft-wooded shrubs or small 
trees with leafl ess older branchlets covered 
with a thin layer of periderm. Internodes green 
and photosynthetic, glabrous to densely pubes-
cent, often with minute glandular hairs. Vessel 
elements very short; lateral pitting scalariform 
or transitional. Rays composed entirely of 
square and upright cells containing raphides. 
Leaves crowded apically on the branchlets, 
alternate, petiolate, coriaceous, palmately or 
subpalmately veined, either essentially gla-
brous or with a dense indumentum of long, 
multicellular, uniseriately branched hairs 
when young, often becoming glabrous with 
age, minute glandular hairs present, producing 
a shiny layer of glutinous exudate; petiole dis-
tinctly expanded basally into a decurrent 
sheath fused with the preceding internode, 
forming a pseudocortex; stipulelike out-
growths may occur on the sheath lobes; at the 
end of the growing season the sheath, petiole, 
and lamina are detached together, which is ini-
tiated by the formation of a periderm at the 
junction of the pseudocortex and the real cor-
tex. Stomata anomocytic. Flowers conspicu-
ous, in terminal racemes eventually displaced 
laterally by new leafy shoots emerging below 
the peduncle, bracteolate, bisexual, actino-
morphic to slightly zygomorphic, 5-merous, 
or occasionally 4-merous, pollinated by sun-
birds. The bracts, sepals and petals densely 
covered with short trichomes with globose 
glandular head cells. Sepals fi ve, free or 
shortly connate, imbricate, persistent. Petals 
fi ve, free, imbricate, much longer than the 
sepals, minutely ciliate, partly refl exed or 
(Greyia fl anaganii) loosely coherent apically, 

brilliant red or crimson, rarely white, cadu-
cous. Extrastaminal nectary disc well devel-
oped, connected by fi ve interstaminal ridges 
with the base of the ovary, fl eshy, cupular, with 
the margin crowned by ten small vascularized 
staminodia the distal portions of which are 
subpeltate with a glandular area at the apex or 
irregularly laceratedentate at the apex, produc-
ing copious nectar. Stamens ten, free, seem-
ingly placed in a single series but most 
probably obdiplostemonous (Schonland 1914; 
Dahl gren and van Wyk 1988), episepalous sta-
mens maturing fi rst; fi laments subulate; anthers 
fairly large, with very narrow connective pro-
trusion, slightly introrse. Gynoecium of (4)5(6) 
united carpels with stylodia connate into a 
slender, subulate style; stigma small, shortly 
5-lobed, pappilae on stigmatic cleft. Ovary 
semi-inferior “because of growth of the periph-
eral tissue: (Ronse Decraene and Smets 1992: 
389), deeply (4)5(6)-lobed, with slightly bifi d 
parietal  placentas developing from the intru-
sive margins of the carpels and eventually 
meeting and forming the  placental column 
around a central hollow; the borderline between 
the individual carpel margins remains clearly 
distinguishable (Steyn 1977), and therefore the 
ovary is essentially unilocular. Ovules numer-
ous, in two rows on each placenta. Fruits cap-
sules, mericarps fi ve, comprising follicles, the 
mature carpels separating from the central col-
umn or hollow, and opening ventrally. Seeds 
numerous per locule, minute,  elongate; seed 
coat membranous, formed by both integu-
ments, the exotegmen and next layer is fi brous, 
but although the mesotegmic cells elongate; 
embryo small, straight; endosperm copious, 
fl eshy. Producing ellagic acid and quercetin, 
but not myricetin; present durses and raphids; 
n = 16 or 17  . . . . . . . . . . . . . . .6. greyiaceae

6 Leaves lyrate-pinnatifi d to pinnate or rounded-
cordate. Perennial rhizomatous, scapose herbs, 
 glandular-pilose or tomentose. Nodes trilacunar 
with fi ve traces. Leaves crowded or subradical, 
 conduplicate-plicate, pinnately veined (Francoa) 
or palmately veined (Tetilla), estipulate. 
Stomata (in Francoa)  diacytic. Flowers in lax, 
elongated racemes, bracteate, bisexual, actino-
morphic, sometimes zygomorphic, usually 
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4-merous, but occasionally 5-merous. Sepals 
(4)5, persistent, valvate, equal (Francoa) or 
(Tetilla) unequal with two much smaller or 
defi cient; petals clawed or sessile, inserted at 
the base of the calyx, imbricate or contorted. 
Stamens 8 (Tetilla) or 4–5 (Francoa), alternat-
ing with as many staminodia;  fi laments free; 
anthers oblong or subglobose, latrorse. Nectary 
disc interstaminal, covered with nectarosto-
mata. Pollen grains 3-colporate. Gynoecium of 
four (rarely two) carpels; stigmas four, rarely 
two, sessile, commissural (stand over the “com-
missures,” lines of fusion of the adjacent car-
pels). Ovary semi-inferior, tetragonous, 4-lobed 
at the apex, 4-locular or very rarely 2-locular; 
stigma papillae on stigmatic cleft; ovules 
numerous, biseriate. Fruits oblong, erect, 
4- locular, septicidal (Tetilla) or loculicidal 
(Francoa) capsules with numerous seeds. Seeds 
very small, striolate; exotestal cells elongated, 
thickened, endotesta elongated, with thickened 
anticlinal walls, tegmen of pigmented cells; 
embryo, minute, straight, in the copious, fl eshy 
endosperm. Present ellagic acid (strongly – 
Francoa) and anthocyanin in roots, and traces 
of  inulin; n = 13.  . . . . . . . . . 7. francoaceae.

1. HYPSEOCHARITACEAE

Weddell 1861. 1/6. Andes of South America from Peru 
to Chile and northern Argentina.

Hypseocharis.
Hypseocharitaceae close related to the Geraniaceae 

and their seeds have many common features 
(Boesewinkel and Bauman 2000) In habit Hypseocharis 
somewhat resembles Erodium, and its staminal 
arrangement compares well with that of Monsonia and 
Sarcocaulon (Rama Devi 1991), but it differs from the 
Geraniaceae in its capsular fruits and estipulate leaves, 
as well as in its cochlear embryo with spirally folded 
cotyledons (Boesewinkel 1988).

2. GERANIACEAE

A. L. de Jussieu 1789 (including Erodiaceae Horaninow 
1847). 4/c.830. Subcosmopolitan, but mainly in tem-
perate and subtropical regions.

Geranium, Erodium (including California), 
Pelargonium, Monsonia (including Sarcocaulon).

Close to both the Hypseocharitaceae and the Vivia-
niaceae but their fruits are schizocarps.

3. VIVIANIACEAE

Klotzsch 1836. 4/6. Southern Brazil, Uruguay, 
Argentina, and Chile.

Viviania, Araeoandra, Caesarea, Cissarobryon.
Usually included in the Geraniaceae from which 

they differ in capsular fruits, estipulate leaves, and 
abundant fl eshy endosperm.

4. LEDOCARPACEAE

Meyen 1834 (including Rhynchothecaceae Endlicher 
1841). 3/12. Andian South America.

4.1 LEDOCARPOIDEAE. 
Calyx with an epicalyx of a whorl of bracteoles. Small 
shrubs or shrublets. Leaves usually opposite, simple 
or compound, entire or deeply lobed or dissected, 
estipulate. Flowers solitary or in few-fl owered 
corymbs or terminal racemes, bisexual, actinomor-
phic, 5-merous. Sepals free, imbricate. Petals imbri-
cate (Wendtia) or contorted (Balbisia). Stamens ten, 
free, alternisepalous; anthers extrorse or introrse. 
Pollen grains inaperturate. Gynoecium of fi ve 
(Balbisia) or three (Wendtia) carpels. Stylodia free, 
short (Wendtia), or stigmas sessile (Balbisia); ovary 
3- or 5-locular, ovules 1–2 (Wendtia), or 5–50 
(Balbisia) per locule, pendulous, anatropous to 
campylotropous, with ventral raphe. Fruits capsules, 
valvular (‘septifragal’) or loculicidal. Seeds 
 endotegmic, with thin endosperm, n = 9. – Balbisia 
(Ledocarpon), Wendtia.

4.2 RHYNCHOTHECOIDEAE
Calyx without an epicalyx. Many branched spiny 
 shrublets with 4-angled branches. Leaves small, entire, 
3-fi d or 3-partite. Flowers terminal, sometimes 
 fasciculate, apetalous. Sepals acuminate. Anthers 
large, oblong. Pollen grains periporate. Gynoecium of 
fi ve carpels; style short, thick, with fi ve elongate 
 stigmas; ovules two per locule, pendulous from the 
middle of the loculi. Fruits septifragally dehiscent 
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capsules, beaked (beaks not revolute). Seeds with 
straight embryo and thin endosperm, seed coat derived 
from both integuments and not specialized. –
Rhynchotheca.

Related to the Geraniaceae, however, they clearly 
differ from the Geraniaceae in absence of nectary 
glands, free stamens, inaperturate pollen grains, free 
stylodia, capsular fruits, and also endotegmic seeds.

5. MELIANTHACEAE

Berchtold et J. Presl 1820. 2/16 (including Bersamaceae 
Doweld 2001). Tropical and South Africa; Melianthus 
(8) is endemic to South Africa, often occurring in arid 
areas; Bersama (8) is usually confi ned to forest regions 
in South and tropical Africa.

Melianthus, Bersama.
Related to the Geraniaceae.

6. GREYIACEAE

Hutchinson 1926. 1/3. South Africa, mainly the  eastern 
Transvaal escarpment and the Drakenberg Mountains.

Greyia.
Greyiaceae related to the Melianthaceae.

7. FRANCOACEAE

Adr. Jussieu 1832. 2/2. Mountains of middle Chile.
Francoa, Tetilla.
Very closely related to the Greyiaceae.
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Order 98. ZYGOPHYLLALES

Small trees, shrubs, or subshrubs, less often perennial 
or annual herbs. Stems often swollen or jointed at the 
nodes. Trichomes usually unicellular and simple, more 
rarely unicellular and 2-armed, sometimes glandular. 
Usually without scattered mucilage cells (except for 
spp. of Nitraria) and without secretory cells. All 
 elements of wood are usually storied, except in 
Balanites. Vessel elements very small to moderately 
large, very to extremely short, exclusively with simple 
perforations and with vestured pits (Carlquist 2005); 
lateral pitting alternate and very small and numerous 
or (Nitrariaceae) intermediate between opposite or 
alternate; rarely (Balanitaceae) intervascular pits ves-
tured. Fibers with bordered or (Tetradiclidaceae) sim-
ple pits. Rays usually narrow and short, homogeneous 
or rarely slightly heterogeneous. Axial parenchyma 
predominantly apotracheal, almost entirely paratra-
cheal in Bulnesia and Nitraria, scanty metatracheal 
and vasicentric in Tetraena. Sieve-element plastids of 
S- or less often (some Zygophyllaceae) of Pcs-type. 
Nodes trilacunar. Leaves opposite or less often 
 alternate, mostly paripinnate, often 2-foliolate, less 
often simple and entire, very rarely (Pintoa) gland-

dotted, usually with well-developed and commonly 
slender stipules (sometimes modifi ed into spines). 
Stomata anomocytic or (Balanitaceae) encyclocytic. 
Flowers in infl orescences (cymose or seldom race-
mose) or  solitary, usually bisexual, commonly 
 actinomorphic,  (4)5(6)-merous. Sepals free or some-
times basally  connate, imbricate or valvate. Petals usu-
ally free, imbricate or contorted, rarely valvate, 
sometimes  wanting. Stamens in (1)2(3) cycles; fi la-
ments often with basal glands; anthers small or 
(Peganum) large,  tetrasporangiate, dorsifi xed, introrse, 
opening  longitudinally. Tapetum secretory (becoming 
the false periplasmodium in Tetradiclidaceae). 
Microsporogenesis simultaneous. Pollen grains 
2-celled or rarely 3-celled, of various types, but mostly 
3-colporate. Nectary disc usually well developed, more 
or less distinctly intrastaminal, sometimes modifi ed 
into a gynophore. Gynoecium of fi ve or less often four, 
seldom six or only two united carpels, with a slender 
(sometimes very short) simple style; stigma capitate or 
sometimes lobed or cleft; ovary superior, multilocular, 
with one to several (rather numerous in Peganum) pen-
dulous or seldom ascending ovules per locule. Ovules 
epitropous or rarely (Nitraria) apotropous, anatro-
pous to sometimes hemitropous, campylotropous, or 
orthotropous, bitegmic, crassinucellate, mostly with 
an endothelium (except in Nitraria, Peganum, 
Malacocarpus, and Seetzenia), sometimes 
(Malacocarpus and Seetzenia) with a funicular-pla-
cental obturator. Female gametophyte of Polygonum-
type. Endosperm nuclear. Fruits often capsules or 
schizocarps, rarely drupes or berries. Seeds typically 
exotestal-endotestal, with endotegmic cells elongate 
tangentially; embryo straight or slightly curved, in 
hard oily endosperm, which is sometimes absent.

Closely related to the Linales and had a common 
origin from a rutalean stock.

Key to Families
1 Leaves usually stipulate.

2 Leaves alternate.
3 Glabrous or hairy perennial herbs (Peganum) 

or shrubs (Malacocarpus) with raphids. 
Leaves entire or irregularly dissected, leathery 
or fl eshy, sessile, simple, with minute seta-
ceous stipules on some leaves (usually absent 
in Malacocarpus); glands with a clavate or 
spherical head are characteristic of Peganum; 
hypoderm present beneath the upper epidermis 
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in Peganum. Flowers solitary and axillary, 
bisexual, actinomorphic, 4–5-merous. Sepals 
leafl ike, entire or pinnately cleft, valvate. 
Petals free, contorted and imbricate. Stamens 
12, or 15, in three cycles, attached to the 
nectary disc; fi lament dilated at the base. 
Pollen grains 3-colporate, with reticulate orna-
mentation. Gynoecium of 3–2  carpels, with 
simple cylindrical style continued into long 
3–2-keeled stigma papillate along the keels; 
ovary superior, 3–2-lobed and 3–2-locular, 
with numerous pendulous, anatropous ovules 
per locule. Fruits loculicidal capsule (Peganum) 
or 2-locular berry (Malacocarpus). Seeds 
angular, with spongy, mucilage testa bearing 
small, funicular outgrowth; embryo green, 
slightly curved, in fl eshy endosperm. Present 
alkaloids, n = 12.. . . . . . . . . . 3. peganaceae.

3 Succulent shrubs, sometimes spiny, secretary 
cavities sometimes present, with mucilage 
cells. Leaves entire or sometimes 2–3 toothed 
above, petiolate, simple stipules minute, intra-
petiolar, free of one another, often caduceus or 
persistent; very large  clusters of crystals occur 
in the leaves. Stomata  anomicytic. Flowers in 
the axils of small caducous bracts, in scorpioid 
cymose infl orescences, actinomorphic, 5-mer-
ous. Calyx synsepalous, small, fl eshy, toothed, 
imbricate, persistent. Petals free, concave, 
 conduplicate-valvate. Stamens 15–10, fi ve of 
them antesepalous, the other ones in pairs or 
solitary antepetalous; fi laments subulate, with-
out basal appendages; anthers versatile. Pollen 
grains 3(4)-colporate, with thick ectexine. 
Gynoecium of three or rarely of six carpels, 
with a continuous fl eshy style; stigma of three 
(rarely 6) papillate decurrent ridges; ovary 
3(6)-locular, not lobed, with one pendulous, apo-
tropous ovule per carpel. Fruits drupaceous, 
1-seeded, derived from single fertile locule, with 
fl eshy exocarp with lignifi ed inner part (named 
scleromesocarp) and stony thin fovealate endo-
carp (in N. sphaerocarpa the drupe is almost 
dry). Seeds with a straight, green embryo, with 
the radicle next to hilum; endosperm wanting, 
n = 12, 30. . . . . . . . . . . . . . . . . 4. nitrariaceae.

2 Leaves opposite or sometimes alternate, usually 
pinnate, rarely 3-foliolate or 2-foliolate or simple 
and entire, leathery, fl eshy, or modifi ed into 

spines, usually with stipules (sometimes spiny, 
or scaly, or leafy,  persistent). Stomata mostly 
anomocytic. Small trees or shrubs, rarely peren-
nial or annual herbs, resinous or not resinous, 
more or less succulent. Wood often  fl uorescing; 
vessels with simple perforation and  usually with 
vestured pits. Axial parenchyma diffuse or 
 diffuse-in-aggregates; rays heterogenerous or 
 homogeneous; crystals one per cell or septate 
portion of cell in wood or secondary phloem 
(Carlquist 2005). Nodes often swollen or jointed, 
trilacunar with three traces. Flowers in cymose 
infl orescences or solitary, terminal or axillary, or 
leaf-opposed, bisexual or very rarely unisexual 
and dioecious (Neoluederitzia),  actinomorphic or 
rarely zygomorphic, 5-merous or sometimes 
4-merous. Sepals free or less often basally con-
nate, imbricate or valvate. Petals usually free, 
imbricate or contorted, rarely valvate, sometimes 
 wanting (Seetzenia, Miltianthus). Nectary disc 
usually present, extrastaminal or intrastaminal. 
Stamens in (1)2(3) cycles, alternisepalous, or 
oppositisepalous, when the outer whorld is sta-
minodal; fi laments often with basal ligular 
appendages; anthers versatile, introrse, or latrorse. 
Pollen grains mostly 3-colporate, less often 3-col-
pate (Seetzenia, Sisyndite, Viscainoa) or pantopo-
rate (Tribuloideae). Gynoecium of fi ve or less 
often four carpels, gradually attenuated into a 
simple style with lobed or capitate stigma; ovary 
often angled or winged, 5–6-locular (in Tribulus 
locules secondarily divided by ‘false septa’), with 
one to many axile, pendulous, apotropous to 
orthotropous or campylotropous ovules per loc-
ule; micropyle not zig-zag. Endothelium present 
(absent in Seetzenia). Fruits usually loculicidal 
and/or septicidal capsules or schizocarps, rarely 
(Sericodes) succulent and berrylike. Fruit elasti-
cally dehiscent (when of cocci), or passively 
dehiscent. Seeds with straight to weakly curved, 
green embryo, with oily or without endosperm; 
seed-coat with endotestal crystal layer and a lig-
nifi ed endotemgen. Present anthroquinones, fl a-
vonols (kaempferol and quercetin), some species 
produce steroid and triterpenoid saponins, alka-
loids (harman, harmin, and harmol); n = 6, 8–13 
or (Tetraena) 14. . . . . . . . . 1. zygophyllaceae.

1 Leaves estipulate (Balanitaceae) or stipules minute 
and only visible in the youngest leaves.
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4 Small trees and shrubs with very long axillary 
spines and bitter bark. Leaves alternate, leathery, 
petiolate, 2-foliolate, leafl ets coriaceous, entire; 
stipules absent. Stomata anomocytic. Flowers in 
axillary 3–9-fl owered racemose infl orescences, 
small, greenish-yellow, bisexual, actinomorphic, 
usually 5-merous. Sepals free, imbricate, cadu-
cous. Petals free, narrow oblong, spreading, imbri-
cate. Stamens usually ten, inserted in the grooves 
below the outside of the nectary disc; fi laments 
free, fi liform; anthers dorsifi xed, introrse. Pollen 
grains usually 2-cellular, 3-colporate or 6-rugo-
rate. Nectary disc intrastaminal, thick, shortly 
cupular or cushion-shaped, 10-grooved. 
Gynoecium of fi ve carpels, with very short, subu-
late style; stigma minute; ovary usually partly 
immersed in the disc, 5-locular, with one anatro-
pous ovule per locule,  pendulous from the axis 
below the apex of the loculi; micropyle zig-zag. 
Endothelium present. Fruits 1-seeded drupes with 
very thick, bony, 5-angled, 1 locular endocarp sur-
rounded by oily mesocarp. Seeds with subfi brous 
testa, seed-coat consists of isodiametrical paren-
chyma cells with scattered lignifi ed sclerenchyma 
elements, green embryo; endosperm wanting, 
n = 9.. . . . . . . . . . . . . . . . . . . . . 2. balanitaceae.

4 Small succulent annual herbs. Fibers with rare 
simple pits. Leaves with two minute, lateral, color-
less outgrowths at the base; two lowest pairs of 
leaves of the basal rosette opposite, decussate, 
entire, spatulate, cauline ones alternate, usually 
slightly dissected, often with two basal, earlike 
lobes, the uppermost ones entire; stipules minute. 
Flowers very small, subsessile in the axils of the 
basal leafl ike bracts, forming a  scorpioid terminal 
infl orescence, bisexual, actinomorphic, 4-merous 
or rarely 3-merous. Sepals basally connate, imbri-
cate, persistent. Petals free, very shortly clawed, 
imbricate, persistent. Stamens attached to the 
intrastaminal, annular, slightly lobed nectary disc; 
fi laments free, long, slender; anthers subglobose. 
Microsporogenesis simultaneous. Pollen grains 
3- colporate, with striate ornamentation. Gynoecium 
of four carpels alternating with the sepals; style 
simple, arising from the apical depression of the 
ovary; stigma clavate, 4-sulcate, with four short, 
decurrent, double series of papillae; ovary superior, 
on very short obconic gynophore, slightly 4-lobed, 
4-locular; each locule contains 6 ovules hanging 

on the 6-branched free placentas attached to the 
center and directed toward the dorsal sides of the 
ovary; 4 branches of each placenta are situated 
along the median line of the locule and bear four 
ovules, each of the two other branches is directed 
to the lateral locelli and bears one ovule close to 
the ovary wall. During the fruit development two 
lateral ovules of each placenta become included in 
the tissues of the ovary wall that completely frame 
the developing seed; as a result, the developing 
seed turns out to be completely within an endo-
carplike chamber connected with the middle cham-
ber by a squeezed orifi ce; thus four ovules of each 
locule are in the middle chamber and two other 
ovules are in the lateral one. Ovules hemitropous, 
bitegmic, crassinucellate; the outer integument 
contains specifi c cells that accumulate mucilage. 
Endothelium absent. Female gametophyte of 
Polygonum-type. Endosperm nuclear. The fruit is 
at fi rst fl eshy and red but after maturing becomes 
dry, capsulelike; it is of very unique structure, 
 dehiscence, and seed dispersal. At fi rst it is opening 
loculicidally and discharges four seeds of the mid-
dle chamber while the lateral seeds are still in their 
chambers; the discharge of the lateral seeds of each 
locule takes place at the later stage of the ripening 
of the fruit; dehiscence of the lateral chambers 
occurs as a result of a mechanical rupture of the 
epicarp tissues around the seed and the seed dis-
charges together with a part of the surrounding tis-
sues including the epidermis of the wall of the 
locule; part of the epidermis becomes a membra-
nous edging around the seed and serves as an 
anemochorous adaptation. Thus dispersing seeds 
are of two kinds: with or without membranous 
wings. The anemochorous seeds are adapted for 
more distant dispersal (Bunge 1840; Yanishevsky 
1940). Seeds small, oblong, dimorphic; those from 
the middle chambers of the fruit with tuberculate 
and mucous surface, whereas those from the lat-
eral chambers are almost glabrous and not mucous; 
testa thin; embryo straight, in fl eshy endosperm, 
n = 7.. . . . . . . . . . . . . . . . . .5. tetradiclidaceae.

1. ZYGOPHYLLACEAE

R. Brown 1814 (including Tribulaceae Trautvetter 
1853). 24/240. Mostly tropical and subtropical regions, 
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but also in warm-temperate regions, mainly in arid and 
subarid areas.

1.1 ZYGOPHYLLOIDEAE
Shrubs, herbs, or rarely trees. Leaves alternate 
(Sericodes and Plectrocarpa) or more often opposite, 
paripinnate or imparipinnate, often 2-foliolate, some-
times unifoliolate or simple, stipulate. Nectary disc 
usually present, often small. Pollen grains 3-colporate 
or rarely (Seetzenia) 3-colpate. Gynoecium of 5–2 
 carpels. Fruits capsular, dehiscing septicidally or 
breaking into cocci. Seeds usually with endosperm. – 
seetzenieae: Seetzenia; sisynditeae: Sisyndite; 
sericodeae: Sericodes; zygophylleae: Zygophyllum 
(including Halimiphyllum), Miltianthus, Pintoa, 
Roepera, Sarcozygium, Plectrocarpa, Metharme, 
Fagonia; larreae: Guaiacum, Bulnesia, Porlieria, 
Larrea; morkillieae: Morkillia, Viscalnoa. Widely 
distributed.

1.2 TETRAENOIDEAE
Shrubs with very tortuous branches and short, lateral 
branchlets. Young shoots and leaves covered by 
2-armed trichomes. Axial parenchyma scanty 
 metatracheal and vasicentric. Leaves alternate, 
2- foliolate. Flowers solitary in the leaf axils, 4-merous 
with a very short androgynophore. Sepals imbricate. 
Petals valvate. Stipules membranous, lacerate. 
Stamens eight in two cycles; fi laments with membra-
nous scaly appendage at the base. Pollen grains 
 3-colporate. Nectary disc annular. Gynoecium of 
4-carpels with long, simple, persistent style and capi-
tate stigma; ovary deeply lobed, with 3–5 ovules per 
locule; ovules orthotropous, with long, curved funi-
cles. Fruits deeply 4-lobed, breaking into four one-
seeded indehiscent cocci, with the style in the middle, 
indehiscent; exocarp spongy, densely villose. Seeds 
one in each locule, oblong, with thick testa; embryo 
oblong-ovoid, green, with fl eshy cotyledons; endosperm 
wanting, n = 14. – Tetraena. Arid regions of China 
(Inner Mongolia).

1.3 TRIBULOIDEAE
Shrubs (Kelleronia) or biennial prostrate herbs. Leaves 
alternate (Kelleronia) or opposite, pinnate, stipulate. 
Trichomes of two markedly different sizes: short and 
pointed, or much longer and wider and growing from a 
basal “plinth” of epidermal cells. Pollen grains panto-
colpate. Nectary disc present, lobed. Fruits breaking 

up into fi ve cocci (Kelleronia), dividing by oblique 
transverse septa into 5–3 one-seeded compartments 
(Tribulus) or separating into 12–5 indehiscent 1- or 
rarely 2-seeded cocci. Seeds without endosperm. – 
Kelleronia, Kallstroemia, Tribulopis, Tribulus. Widely 
distributed.

1.4 NEOLUEDERITZIOIDEAE
Shrubs with axillary thorns. Leaves alternate, imparip-
innate. Flowers dioecious. Filaments with a deeply 
2-lobed hairy scale at the base. Pollen grains 3- colporate. 
Disc in the female fl owers hyaline, embracing the 
young fruits. Gynoecium of fi ve carpels. Fruits densely 
silky-villous, breaking up into fi ve cocci. Seeds with-
out endosperm. – Neoluederitzia. Southwestern 
Africa.

1.5 AUGEOIDEAE
Very succulent annual herbs with jointed branches. 
Leaves opposite, clavate, connate at the base, simple, 
semiterete, estipulate. Petals 3-lobed. Nectary disc 
urceolate, stipitate, membranous, with ten subulate 
teeth. Stamens with 3-fi d fi laments, the lateral lobes 
longer than the oblong anthers. Pollen grains 3- colporate. 
Gynoecium of 10 carpels. Ovary 10-locular. Fruits 
10-ribbed capsules. Seeds without endosperm. – 
Augea. Dry regions of South Africa.

The family is very diversifi ed and specialized in 
various directions. Perhaps the Morkillioideae are 
relatively the least advanced. Seeds of both Viscainoa 
and Morkillia have endosperm and their fruits are sep-
ticidal capsules whereas Sericodes is devoid of 
endosperm and its villous fruits are breaking into 
indehiscent cocci. The Zygophylloideae are also less 
specialized than the three next subfamilies, especially 
Seetzenia, Zygophyllum, and Guaiacum. Palyno-
logically Seetzenia and Sysindite are the most primi-
tive (3-colpate pollen grains), but Seetzenia is an 
apetalous prostrate herb with brittle branches, whereas 
Sysindite is a Spartium-like shrub and its seeds are 
without endosperm. The genus is rather isolated 
within the Zygophylloideae. The subfamily 
Tetraenoideae is close to the Zygophylloideae but 
very specialized.

Tribuloideae, although differing in many respects 
from the rest of the family, do not deserve the status of 
a separate family.

The monotypic African subfamily Neoluederitzioideae 
is connected with the Tribuloideae, and El Hadidi 
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(1977) includes both of them in the family Tribulaceae. 
Besides, the subfamily Neoluederitzioidieae comprises 
both Neoluedentzioideae and Sisyndite, which are not 
closely related.

Augeoideae are the most specialized subfamily of 
the Zygophyllaceae. Augea capensis is one of the most 
remarkable African succulent plants.

2. BALANITACEAE

Endlicher 1841. 1/25. Tropical and North Africa (from 
Mauritania to Egypt) and from western Asia through 
India to Burma.

Balanites.
Sheahan and Chase (1996, 2000) include Balanites 

in the Zhygophyllaceae – Tribuloideae, but from the 
Zygophyllaceae it markedly differs in so many respects 
(including estipulate leaves, wood anatomy, pollen 
morphology, structure of drupaceous fruits, and seed-
coat anatomy) that they defi nitely constitute a separate 
family. According to Boesewinkel (1994), in the struc-
ture of ovule and seed anatomy there are many simi-
larities with the members of Linales.

3. PEGANACEAE

van Tieghem ex Takhtajan 1987. 2/6. Southern Europe, 
North Africa, arid and semi-arid regions of Asia and 
North America (northwestern Texas and northern 
Mexico); monotypic genus Malacocarpus is endemic 
to northern Iran and central Asia.

Peganum, Malacocarpus.
Both genera are usually included in the Zygophyllaceae. 

However, they differ from the Zygophyllaceae in many 
characters, including  multicellular, capitate trichomes, 
elongated leaf epidermal cells alternating with shorter 
cells, the presence of a hypodermis in the stem, angular, 
thin-walled pericyclic fi bers that sometimes form a 
complete cylinder, and the absence of bracysclereids, 
raphid sacs in the leaf tissue (see Sheahan and Cutler 
1993), the absence of ligular appendages at the base of 
stamens, the absence of the endothelium (and other 
embryological differences – see Kapil and Ahluwalia 
1963; Kamelina 1959, 1991), pollen morphology 
(Erdtman 1959; Agababian 1965), the structure of 
stigma, and spongy seed coat.

4. NITRARIACEAE

Berthold et J. Presl 1820. 1/10. From North Africa and 
southeastern Europe to Siberia, Afghanistan, central 
Asia, and 1 sp. in arid and coastal regions of southern 
Australia.

Nitraria.
Probably related to the Zygophyllaceae, but differ 

in the absence of endothelium (Kamelina 1991), leaf 
morphology, pollen morphology (Agababian 1965), 
structure of the drupe and seed. The family is relatively 
isolated within the order.

5. TETRADICLIDACEAE

Takhtajan 1986. 1/1. North Africa and Irano-Turanian 
region.

Tetradiclis.
Tetradiclis has historically been included in such dif-

ferent families as Crassulaceae, Elatinaceae, 
Zygophyllaceae, and Rutaceae. Endlicher (1841), 
Lindley (1853), and Le Maout and Decaisne (1868) 
placed Tetradiclis in the Elatinaceae whereas in Engler’s 
(1896) system it is included in Zygophyllaceae as a 
monotypic subfamily Tetradiclidoideae. Fenzl (1841), 
Hallier (1908, 1912) and Takhtajan (1966) spoke in 
favor of Rutaceae, but the majority of modern system-
atists follow Engler. In 1987 I still accepted the rutalean 
affi nity of Tetradiclis but separated it into a family of its 
own. Later I came to the conclusion that Tetradiclidaceae 
differ from the Rutales in so many respects, that it prob-
ably must be raised to the ordinal level. The structure of 
the gynoecium and fruits, a very unique type of placen-
tation, and no less the unique type of fruit dehiscence 
confi rm a very isolated position of the family. No less 
unique are some embryological characters, including 
the very specifi c type of tapetum (Kamelina 1991, 
1994). Kamelina also has come to the conclusion that 
Tetradiclis deserves the rank of an order that would be 
placed between Rutales and Linales.
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Order 99. LINALES

Trees, shrubs, woody lianas, or herbs. Vessels with 
scalariform or simple perforations; lateral pitting 
 usually alternate. Fibers with distinctly bordered pits, 
rarely with simple pits. Rays heterogeneous or homo-
geneous. Axial parenchyma of diverse types. Sieve-
element plastids of Ps- (Erythroxylaceae and 
Rhizophoraceae), Pcs- (Humiriaceae), or more often 
of S-type. Nodes trilacunar or unilacunar, or rarely 
(Rhizophoraceae) multilacunar. Leaves alternate or 
less often opposite, simple and often entire, with 
stipules or estipulate; stipules bearing colleters on the 
adaxiale face (Erythroxylaceae and some 
Rhizophoraceae – see Thiebaut and Hoffmann 2005). 

Stomata mostly paracytic. Flowers in terminal or 
 axillary infl orescences (mostly more or less cymose), 
bisexual or sometimes unisexual, actinomorphic or with 
dissimilar sepals, 5-merous or sometimes 4- merous. 
Sepals free or more or less connate, mostly imbricate. 
Petals free, often clawed, imbricate or contorted, some-
times appendaged. Nectary disc mostly present, of 
staminal origin, intra- or extrastaminal. Stamens in one 
or two cycles or less often in three or four cycles or even 
numerous; fi laments usually  connate at the base or into 
a short tube (except in the Ixonanthaceae); anthers tet-
rasporangiate, introrse, basifi xed or dorsifi xed, opening 
longitudinally. Tapetum secretory. Microsporo genesis 
simultaneous or rarely (Gynotrocheae – Rhizo-
phoraceae) successive. Pollen grains 3-celled or 
sometimes 2-celled, 3(-4)-colporate or less often, pan-
tocolpate, pantocolporate or pantoporate. Gynoecium 
of 2-5(-20) united carpels, with free or more or less 
connate stylodia; ovary superior, rarely semi-inferior 
to inferior, mostly 2–5-locular, with 1–2 or more pen-
dulous ovules per locule. Ovules anatropous to 
hemitropous, rarely campylotropous or  epitropous, 
bitegmic, crassinucellate or sometimes tenuinucellate, 
often with endothelium (lacking in Humiriaceae and 
Rhizophorea). Female gametophyte of Polygonum-
type. Endosperm nuclear. Fruits usually drupaceous or 
capsular, sometimes schizocarps, rarely baccate. Seeds 
typically with fi brous exotegmen, sometimes arillate 
or winged, with straight or slightly curved embryo; 
endosperm copious, fl eshy and oily to scanty or want-
ing. Plants with ellagic acid and proanthocyanins, 
sometimes producing alkaloids.

Most probably derived from some relatively primi-
tive members of the Rutales with scalariform perfora-
tion of the vessels and free stylodia. The Hugoniaceae 
are the most archaic member of the order.

Key to Families
1 Petals not appendaged. Fibers always with  bordered 

pits. Ovary locules all fertile. Plants not producing 
alkaloids.
2 Stylodia more or less free or when they are united 

into a simple style, it is evidently cleft. Petals 
contorted, caducous. Nectary disc extrastaminal 
or wanting.
3 Trees, shrubs, or woody lianas. Fruits drupa-

ceous or capsular. Anthers dorsoversatile. 
Ovules two per locule.
4 Fruits drupaceous. Trees or more often 

woody lianas (the lower infl orescence 
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branches modifi ed into hooks), rarely 
shrubs. Hairs, if present, simple, uniseriate, 
or multiseriate with multicellular, glandular 
heads; tufted hairs absent. Vessels in 
Indorouchera with scalariform perforations 
that have 15–25 bars, but in all other genera 
perforations predominantly or (Hugonia) 
exclusively simple. Nodes trilacunar. 
Leaves alternate, entire, with lateral, cadu-
cous stipules. Stomata paracytic, subsidiary 
cells are lobed underneath the guard cells. 
Flowers in terminal or axillary racemes, 
spikes or panicles, small to large, 5-merous. 
Sepals often more or less unequal, imbri-
cate. Petals free, rarely basally clasping, con-
torted. Extrastaminal nectary disc absent or 
some-rimes represented by glands, adnate to 
staminal tube. Stamens 10 or 15, alternately 
shorter or longer; fi laments basally connate 
into a tube. Pollen grains 3-colporate. 
Gynoecium of 3-5(-8) carpels; stylodia free 
or basally connate, with capitate stigma; 
ovary 2–5-locular, locules without ‘false 
septa’; ovules two per locule, pendulous, 
anatropous, with ventral raphe. Fruits fl eshy, 
indehiscent or rarely splitting fi nally into 
indehiscent mericarps. Seeds sometimes 
with an arillode; mesotesta with  sclerotic 
cells, endotesta lignifi ed or tegmen obliter-
ated; embryo straight or slightly curved; 
cotyledons large; endosperm copious or 
scanty, n = 6, 12, 13.  . . . . 1. hugoniaceae.

4 Fruits 1-locular capsules with woody peri-
carp fi nally lengthwise splitting into two 
valves. Trees with stellately tufted and sim-
ple hairs on the young shoots, stipules, and 
the outsides of the sepals and petals. Vessels 
with scalariform perforations. Leaves oppo-
site, leathery, entire, coriaceous, with inter-
petiolar, large, caducous stipules. Stomata 
anomocytic to anisocytic. Flowers in termi-
nal or axillary cymes or racemes, 5-merous. 
Sepals shortly connate, persistent. Petals 
free, thick, imbricate, spoon-shaped at the 
base. Extrastaminal nectary disc well devel-
oped, cuplike. Stamens ten, free, adnate at 
base to inner side of the disc, alternately 
longer and shorter; anthers with broad con-
nective; anthers introrse. Pollen grains 

3–9- colporate. Gynoecium of two carpels; 
stylodia more or less free or connate, with 
capitate stigma; ovary 2- locular, ovules two 
in each locule, pendulous. Fruits 1-seeded, 
with seed persisting after falling of pericarp 
and pendulous from the top of a long fi li-
form funiculus. Seeds with papillose arilloid 
surrounding their lower half; exotestal cells 
palisade; embryo straight; endosperm 
copious; cotyledons very large, folded.
  . . . . . . . . . . . . . . . 3. ctenolophonaceae.

3 Mostly herbs, seldom subshrubs, shrublets, or 
(Tirpitzia) small shrubs. Vessels with simple 
perforations. Nodes unilacunar with one trace 
(Linum), or trilacunar. Leaves alternate or oppo-
site, entire; stipules lateral, small and incon-
spicuous, sometimes (Linum and Hesperolinon) 
modifi ed into glands, or wanting; epidermis 
often somewhat mucilaginous. Stomata com-
monly paracytic. Flowers in cymose infl ores-
cences or rarely (Anisadenia) racemes, bisexual, 
actinomorphic, 5-merous or rarely (Radiola) 
4-merous. Sepals free or basally connate, per-
sistent, imbricate (quincuncial). Petals free, 
usually clawed, imbricate or contorted, usually 
caducous. Small nectary glands usually present 
external to the stamens or at the inner base of 
the petals. Stamens 5, 10, or 15, or rarely 
(Radiola) 4, usually alternate the petals or rarely 
(Anisadenia) opposite the petals, sometimes 
alternating with fi liform or toothed staminodia; 
fi laments expanded below and more or less 
connate into a tube; anthers introrse. Pollen 
grains 3-colpate, pantocolpate or pantoporate. 
Gynoecium of 3–5 carpels, very rarely (Linum 
 digynum) of 2 carpels; stylodia free or shortly 
connate below, with terminal stigma; ovary 
(2)3–5-locular, sometimes unilocular at the 
very top, ovules 2 in each locule, usually (but 
not in Anisadenia) separated by an incomplete 
secondary septum extending inward from the 
ovary wall; ovules crassinucellate or tenuinu-
cellate, bitegmic, outer integument not contrib-
uting to the micropyle. Fruits septicidal capsules 
(Lineae) or of two indehiscent, 1-seeded meri-
carps (Anisadenia). Seeds often mucilaginous, 
exotesta with outer walls massively thickened; 
embryo a straight, spatulate, oily, green; 
endosperm scanty, n = 6, 8–12. . . 2. linaceae.
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2 Stylodia more or less completely united into a 
style. Petals imbricate or contorted. Nectary disc 
intrastaminal or rarely (Ochthocosmus in the 
Ixonanthaceae) nectary is represented by inter-
staminal glands.
5 Fruits capsular. Trees (sometimes to 30 m tall) 

or shrubs, sometimes with slender stems, wiry, 
wandlike, with sparse leaves; mucilage cells 
present. Vessels with simple perforations. 
Leaves alternate, petiolate, simple, entire or 
toothed, with small lateral stipules, or stipules 
wanting. Stomata paracytic. Flowers small, un 
axillary infl orescences, mostly bisexual, acti-
nomorphic or nearly so, commonly 5-merous. 
Sepals free or connate only at the base, imbri-
cate or contorted. Petals free, imbricate or 
contorted, persistent. Stamens 5, or 10, or 20; 
fi laments widened at the base, free or basally 
adnate to the conspicuous annular or cupular 
nectary disc. Pollen grains 2-locular and 3-col-
porate. Gynoecium of (4-)5 or rarely 2 carpels; 
style with a more or less capitate stigma; ovary 
superior or semiinferior, 2- or (4-)-5 locular, 
sometimes apically unilocular and sometimes 
the locules are divided into locelli by incom-
plete secondary septa as in the Linaceae; style 
and fi laments folded in the bud. Ovules one 
(Allantospermum) or two per locule, pendu-
lous, anatropous, with ventral raphe, the 
micropyle directed upward and outward. Fruits 
septicidal capsules,  sometimes also loculicidal 
by secondary septa, with or without a persis-
tent central column. Seeds with an obvious 
basal wing (Ixonanthes and Ochthocosmus) or 
aril arising between the hilum and micropyle 
(laciniate and covers the seed in Phyllocosmus 
and 2-lobed and membranous in Cyrillopsis); 
endotegmen with sinuous anticlinal walls. 
Embryo straight, endosperm scanty or absent; 
cotyledons large. Proanthocyanidins and 
ellagic acid present.  . . . .4. ixonanthaceae.

5 Fruits drupaceous. Evergreen trees and shrubs, 
often with an aromatic juice, but without 
secretory structures (except often in the fruits). 
Vessels usually with scalariform perforations 
that have mostly 15–25 bars. Leaves alternate, 
coriaceous, entire or toothed, with tiny and 
caducous stipules or estipulate; leaves often 
aromatic, with balsamic juice. Stomata ano-

macytic or paracytic. Flowers bisexual, acti-
nomorphic or nearly so, 5-merous. Sepals 
persistent, more or less connate, imbricate, 
two outer ones often smaller than others, rarely 
the lobes suppressed. Petals free, thick, usu-
ally 3–5 veined, imbricate or contorted. 
Stamens numerous in fascicles (Vantanea) or 
more often 10–30, sometimes in 5 antesepal-
ous groups of 3, plus 5 antepetalous singles; 
fi laments connate into a tube; some of the sta-
mens sometimes staminodial; anthers  basifi xed 
or dorsifi xed or attached near the base, with 
expanded, prolonged connective, versatile. 
Pollen grains 3(4)-colporate or seldom 
3(4)-porate. The intrastaminal nectary disc 
free or adnate to the base of the ovary or to the 
base of the fi laments, usually cupulate to tubu-
lar or toothed or lobed, or sometimes of 10–20 
free scales. Gynoecium of (4)5(-7) carpels; 
style with a lobed or cleft stigma; ovary 
(4-)5(-7)-locular, sometimes apically 1-locu-
lar, with 1(-2) pendulous ovule per locule. 
Fruits with more or less fl eshy, thin exocarp 
and hard, woody, multilocular, and usually 
1–2-seeded stone (pyrene) sometimes contain-
ing numerous resinous secretory cavities and 
adapted to the water dispersal; the stone with 
as many longitudinal valves as carpels, 1 or 
more being pushed off at germination. Seeds 
with nucellar remnants; exotestal cells thick-
walled, lignifi ed, tegmen multiplicative, cross 
layer beneath exotegmen; embryo straight or 
slightly curved; endosperm copious oily. 
Ellagic acid present, n = 12. 5. humiriaceae.

1 Petals appendages. Fibers with simple or  bordered 
pits. Plants contain alkaloids.
6 Nectary disc absent. Evergreen or deciduous, 

glabrous, small trees and shrubs; wood hard, 
 commonly with silicium grains. Vessels with 
simple perforations. Fibers with distinctly bor-
dered to sometimes simple pits. Nodes unilacu-
nal. Leaves alternate or rarely (Aneulophus) 
opposite, entire, simple, sometimes accompanied 
by scale leaves, with intrapetiolar,  abaxially bico-
sytate, often caducous stipules. Stomata  paracytic. 
Flowers small, in axillary fascicles or  solitary in 
the axils, bisexual or seldom unisexual (plant 
dioecious), actinomorphic, 5-merous, often 
 heterostylous; bracteoles small, scarious. Sepals 
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persistent,  connate below into a tube with imbri-
cate or valvate lobes. Petals free, imbricate or con-
torted, caducous, mostly with an adaxial more or 
less basal ligular appendage. Stamens ten, in two 
whorls of fi ve, the outer whorl alternate with petals; 
fi laments united at least at the base, usually forming 
a short tube; anthers dorsifi xed, versatile, introrse. 
Pollen grains 3- colporate. Gynoecium of three or 
less often two carpels; stylodia free or more or less 
connate into a style, stigmas  capitellate, rarely ses-
sile; ovary superior, (2-)-3- locular, usually only 
with one fertile locule, the others empty. Ovules 
solitary or less often two in the fertile locule, pen-
dulous, anatropous to hemitropous, with an 
endothelium. Fruits 1-, or sometimes 2-seeded 
drupes. Seeds with more or less thickened exot-
estal cells; embryo straight, green; cotyledons 
two, fl at; endosperm copious, starchy, or rarely 
lacking. Present alkaloids, proanthocyanidins 
(cyanidin), fl avonols (kaempferol and quercetin) 
n = 12.. . . . . . . . . . . . . . . . 6. erythroxylaceae.

6 Intrastaminal nectary disc present. Shrubs or trees 
(up to 50 m tall) of dry to wet forests or mangrove 
swamps, mostly with aerial roots and unicellular 
hairs. Vessels with scalariform or less often sim-
ple perforations; lateral pitting scalariform to 
opposite and alternate. Fibers with simple or bor-
dered pits. Rays nearly always heterogeneous, 
usually mixed uniseriate and pluriseriate with 
short ends. Axial parenchyma typically scanty 
paratracheal. Sieve-element plastids of Pc-type 
with about 20 or more square or polygonal pro-
tein bodies. Nodes trilacunar or multilacunar with 
split-lateral traces. Leaves opposite or sometimes 
 verticillate, simple, entire, crenate or dentate, 
with well-developed interpetiolar stipules, imbri-
cate (Rhizophoreae), or valvate (Macarisieae), 
sheathing the terminal bud; stipules bear colleters 
on the inner surface at the base that secrete 
gummy substances onto the buds. Stomata para-
cytic or (Rhizophoreae)  encyclocytic. Flowers in 
axillary and fundamentally cymose few-fl owered 
infl orescence or (in large- fl owered species of 
Bruguiera) solitary, clearly  articulated at juncture 
with pedicel, bisexual or rarely unisexual (plants 
monoecious),  actinomorphic, most often 4–5-mer-
ous, with well- developed fl oral tube that is some-
times prolonged beyond the ovary; both the calyx 
and the ovary have a layer of hypodermal laticif-

erous cells, which in Gynotroches and Pellacalyx 
are represented by many idioblastic secretory 
cells. Sepals (3)4-5(-16), fused at base, valvate, 
thick, usually fl eshy or leathery. Petals as many as 
and alternate with the sepals, fused at base, com-
monly fl eshy and often shorter than the sepals, 
contorted or infolded in bud, generally condupli-
cate, mostly distally divided or appendaged, each 
petal individually enclosing 1–5 stamens. 
Androecium diplostemonous to polyandrous; fi l-
aments free or sometimes basally connate, borne 
around the base of a fl eshy, often conspicuously 
lobed, intrastaminal nectary disc; anthers tet-
rasporangiate, 2-locular or (Rhizophora) multilo-
cellate, cross-partitioned and dehiscent by a 
separating longitudinal valve. Microsporogenesis 
simultaneous or also successive in most 
Gynotrocheae. Pollen grains 2-celled, 3(4)-col-
porate, with relatively thick tectum and rugulate-
punctate to psilate surface; endoapertures with 
some degree of fusion. Gynoecium of (2) 3-5(-
20) united carpels, with a terminal simple style; 
stigma capitate or with pronounced lobes (in 
Gynotroches the stigmatic lobes may be rather 
long), generally papillate; ovary superior 
(Macarisieae) or semi-inferior to inferior, with as 
many locules as  carpels, or the locules often 
incompletely or not at all separated by septa at 
anthesis. Ovules 2–6 or more per carpel, usually 
apical-axial, pendulous, anatropous to hemitrop-
ous or rarely campylotropous, bitegmic, crassinu-
cellate or (Gynotroches and Pellacalyx) 
 tenuinucellate; micropyle zig-zag or endostomal. 
Endothelium present (except for Rhizophoreae). 
Fruits capsular (Macarisieae and Crossostylis), 
baccate (Gynotrocheae), or hard-walled and inde-
hiscent (Rhizophoreae). Seeds arillate or winged 
(in capsular fruits) or nonappendaged (in baccate 
or indehiscent hard-walled fruits); seed coat in 
Macarisieae and Gynotrocheae with well-devel-
oped exotesta and (fi brous) exotegmen and is 
either exotestal or  exotestal-exotegmic; seed coat 
in Rhizophoreae is not histologically differenti-
ated and entirely lacking a tegmen; embryo 
straight, in the mangrove genera viviparous and 
with an enlarged hypocotyl; endosperm well 
developed, fl eshy, oily. Plants contain pyrroliz-
idine alkaloids and ellagic acid, n = (13), 14, 16, 
18, 21. . . . . . . . . . . . . . . . . .7. rhizophoraceae.
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1. HUGONIACEAE

Arnott 1834. 5/55–60. From tropical Africa and 
Madagascar to New Caledonia, Fiji, and tropical South 
America.

Indorouchera, Roucheria, Philbornea, Hebepetalum, 
Hugonia (including Durandea).

Probably the most archaic member of the order.

2. LINACEAE

A. P. de Candolle ex Perleb 1818. 8/250. Widely dis-
tributed, especially in temperate and subtropical 
regions.

lineae: Tirpitzia, Reinwardtia, Linum, Cliococca, 
Sclerolinon, Hesperolinon, Radiola; anisadenieae: 
Anisadenia.

Linaceae has probably derived from the nearest ances-
tor of the Hugoniaceae. The most primitive members of 
the Linaceae are Tirpitzia (southwestern China, northern 
Vietnam) and Reinwardtia (northern India and China).

3. CTENOLOPHONACEAE

Exell et Mendonça 1951. 1/4. Tropical West Africa 
and Malesia.

Ctenolophon.
Related to the Linaceae and also like Humiriaceae 

(Link 1992a).

4. IXONANTHACEAE

Planchon ex Miquel 1858. 5/35. Tropical Africa 
(Phyllocosmus), Himalayas, northeastern India, south-
ern China, Southeast Asia, New Guinea (Ixonanthes), 
and tropical America (Cyrillopsis and Ochtocosmus). 
Allantospermum (2) occurs in Madagascar (1) and 
Borneo (1).

Cyrillopsis, Ixonanthes, Ochthocosmus, Phyllo-
cosmus, Allantospermum.

Related to the Linaceae and especially to the 
Humiriaceae. According to Link (1992b), the 
Ixonanthaceae have more or less prominent discs in 
common only with the Humiriaceae whereas the 
 nectaries of the Linaceae sensu stricto (and the 
Erythroxylaceae) are clearly parts of the staminal tubes.

5. HUMIRIACEAE

A. H. L. de Jussieu 1829. 8/65. Tropical South America, 
north to Costa Rica, but mostly in the Amazon basin 
and with 1 species (Sacoglottis gabonensis) in tropical 
West Africa.

vantaneeae: Vantanea (20); humirieae: Duckesia, 
Endopleura, Hylocarpa, Humiria, Sacoglottis (11), 
Schistostemon, Humiriastrum (17).

Close to the Linaceae and have also much in com-
mon with Ixonanthaceae. According to Boesewinkel 
(1985), the Humiriaceae seem to be more primitive 
than the Erythroxylaceae and the Linaceae because of 
the large persistent nucellus, the lack of an endothe-
lium, the absence of repeated divisions in the original 
middle layer of the inner integument, and perhaps also 
because of the strongly lignifi ed exotesta.

6. ERYTHROXYLACEAE

Kunth 1822 (including Nectaropetalaceae Exell et 
Mendonça 1951). 4/250–260. Pantropical, but most 
abundant in the Andes, in the Amazon Basin of South 
America, and in Madagascar.

Erythroxylum, Aneulophus (2), Nectaropetalum (8), 
Pinacopodium (2).

Related to the Linaceae, Ixonanthaceae, and 
Humiriaceae.

7. RHIZOPHORACEAE

C. H. Persoon 1806 (including Cassipoureaceae J. Agardh 
1858, Macarisiaceae J. Agardh 1858, Mangiaceae 
Rafi nesque 1837). 15/140. Pantropical, but extend into 
the subtropics of North America and Asia; the greatest 
diversity in the paleotropics.

macarisieae: Anopyxis, Macarisia Blepha-
rostemma, Comiphyton, Dactylopetalum, Cassipourea, 
Sterigmapetalum; gynotrocheae: Carallia, 
Gynotroches, Pellacalyx; crossostylideae: 
Crossostylis; rhizophoreae: Bruguiera, Ceriops, 
Kandelia, Rhizophora.

According to Tobe and Raven (1988), the genera of 
Macarisieae retain many plesiomorphic features, 
including a superior ovary. The most specialized are 
Rhizophoreae: endothelium not formed, outer integu-
ment vascularized, endosperm overfl owing, viviparous 
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seedlings, testa not differentiated histologically, and 
tegmen lacking. The cladistic analysis indicates that 
Rhizophoreae have direct relationships with 
Gynotrocheae (not including Crossostylis) rather than 
with Macarisieae (Tobe and Raven 1988).

Setoguch et al. (1999) and Schwarzbach and 
Ricklefs (2000) identify the Rhizophoraceae and 
Erythroxylaceae as sister group within the Malpighiales 
sensu the APG II.
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Order 100. MALPIGHIALES

Trees, shrubs, subshrubs or herbs, sometimes woody 
lianas. Vessels with simple perforations, lateral pitting 
alternate. Fibers with simple or bordered pits. Rays  narrow, 
heterogeneous or homogeneous. Axial  parenchyma 
 apotracheal or paratracheal, sometimes wanting. 
 Sieve-element plastids of So-types. Nodes unilacunar 
or sometimes trilacunar. Leaves alternate, opposite or 
verticillate, simple and usually entire; stipules present 
or absent, sometimes modifi ed into spines or glands; 
leaf mesophyll cells contain oil bodies. Stomata mostly 
paracytic. Flowers in various types of infl orescences, 
bisexual, actinomorphic or more or less strongly zygo-
morphic, basically 5-merous or less often 4-merous. 
Sepals free or nearly free, imbricate or valvate. Petals 
free and often clawed or basally connate or only some 
of them connate. Nectary disc present or absent. Stamens 
1-10(-15), often some of them staminodial; fi laments 
free or often variously connate; anthers  tetrasporangiate 
or rarely disporangiate, mostly basifi xed, introrse, 
 opening in various ways. Tapetum secretory. 
Microsporogenesis simultaneous. Pollen grains 2-celled 
or 3-celled, very diverse, but mostly 3-colporate or pan-
toporate. Gynoecium of 3–5, less often two or up to 
eight united carpels; stylodia free or only basally con-
nate or more often connate into a terminal style; ovary 
usually superior, commonly plurilocular with axile pla-
centas, seldom unilocular and with two parietal placen-
tas or with 1 or 2, rarely 2–16 pendulous subapical 
ovules, sometimes pseudo-monomerous. Ovules epitro-
pous, anatropous to hemitropous, bitegmic, crassinucel-
late. Female gametophyte of Polygonum-type or) of 
Penaea-type, less often of Allium-type. Endosperm 
nuclear. Fruits of diverse types. Seeds testaltegmic, 
exotegmic, or endotestal, often with fi bers; embryo 
straight or more or less curved; endosperm present 
(sometimes copious) or lacking.

Malpighiales are closely related to the Linales, 
 especially through the Malpighiaceae, which have 
much in common with the Erythroxylaceae. The family 

Malpighiaceae occupies a somewhat intermediate posi-
tion between the Linales and Malpighiales and could 
with almost equal reason be included in either of them.

Key to Families
1 Stylodia usually free, only rarely (as in spp. of 

Bunchosia) fully connate. Small trees, shrubs, or 
more often woody lianas or often stem twiners 
(thryallis twining anticlockwise), often with anom-
alous  secondary growth. Plants generally with 
2-armed (Malpighian) hairs, rarely with basifi xed 
or stellate hairs. Latex rarely present (Galphimia, 
Lophanthera, Spachea, and Verrucularia). Vessels 
with simple perforations and verstured pits. Fibers 
with simple pits, often septate. Rays heterogeneous. 
Axial parenchyma mostly scanty and paratracheal. 
Nodes trilacunar or sometimes unilacunar. Leaves 
mostly opposite, rarely subopposite, or verticillate, 
simple, usually entire (lobed in Stigmaphyllon), 
mostly pinnately veined, very often with two large, 
fl eshy glands on petiole or abaxial  surface, stipulate 
(stipules interpetiolar or intrapetiolar, free of one 
another or concrescent, often rudimentary, some-
times large, more then 14 cm long – Anderson 
2004), or estipulate. Stomata mostly paracytic. 
Infl orescences terminal or axillary, very diverse, 
most often racemose or paniculate, often fl owers in 
umbels or corymbs. Flowers mostly large, bisexual 
or rarely unisexual (dioecious), or polygamous, 
sometimes dimorphic, usually somewhat zygomor-
phic, 5-merous, receptacle more or less convex. 
Sepals free or slightly basally connate, imbricate, 
often with two large glands at the bases of the out-
side members. Petals free, imbricate, usually 
clawed, with ciliate, toothed, or fringed margins. 
Stamens mostly 10 in 2 obdiplostemonous cycles, 
or 5, up to 15 in Lasiocarpus, often some of them 
without anthers or with abortive anthers, seldom in 
1 or 3 cycles; fi laments usually more or less connate 
into a tube; anthers 4-locular, opening longitudi-
nally along inner edge of each locule, or rarely by 
apical pores or very short slits, sometimes with an 
enlarged connective. Pollen grains 2-celled, 
3–5-colporate or 4- to polyporate. Gynoecium of 
(2-)3(-5) carpels, mostly all fertile, or with one or 
more caples aborting, more or less united or rarely 
(as in Coleostachys, Acmanthera, and Pterandra) 
almost free; stylodia usually free or only basally 
connate,  terminal to ventral; stigmas acute, capitate, 
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or more or less truncate; ovary inferior, entire or 
lobed, multilocular with axile placentas and solitary, 
anatropous to nearly orthotropous, pendulous ovule 
in each locule. Fruiting carpels 1-seeded, either free 
and indehiscent or more often united into a fl eshy, 
drupaceous or woody fruit that usually separates into 
nutlike, samaroid, or variously winged indehiscent or 
rarely 2-valved mericarps, sometimes nuts or drupes. 
Seeds with large, oily, straight or sometimes curved 
or even circinate embryo; nearly or quite without 
endosperm. Seed coat with exotesta and with scler-
ofi ed endotegmen, rarely with fi brous endotegmen. 
Plants producing proanthocyanins, alkaloids of the 
indole group and sometimes storing carbohydrates 
as insulin,  fl avonols (kaempferol and quercetin), 
detected iridoids (only from Stigmaphyllon), n = 6, 
9–12 +.  . . . . . . . . . . . . . . . . . . . . 1. malpighiaceae.

1 Stylodia united into a style. Plants seldom with 
2-armed hairs. Hemiparasitic shrubs (sometimes 
arborescent) or perennial rhizomatous herbs with a 
woody rootstock, mostly pubescent or silky all over, 
with  scatterous, tanniniferous secretory cells in the 
parenchymatous tissues; cuticle waxed more or less 
ribbon-like platelets. Vessels with simple perfora-
tions, lateral pitting alternate. Fibers with bordered 
pits. Rays uniseriate, homogeneous. Axial paren-
chyma diffuse-in- aggregates (Carlquist 2005). 
Crystals many per cell, of varied sized, rare in wood, 
but common in axial parenchyma of secondary 
phloem. Nodes unilacunar with one trace. Leaves 
alternate, simple entire or rarely  3-foliolate, petiole 
bundle, deeply arcuate; stipules  wanting. Flowers 
solitary and axillary, or in terminal racemes, showy, 
pink, purple, yellow, or rose, bibracteolate, bisex-
ual, strongly zygomorphic. Sepals fi ve or some-
times four, unequal, free, imbricate, three outer 
often larger than two inner and often more or less 
enclosing fl ower; the sepals have three principal 
veins, like the leaves. Petals fi ve or sometimes four, 
the three adaxial (upper) ones long-clawed, free or 
connate by their claws, the two abaxial (lower) ones 
smaller, usually broad thick, sessile, often modifi ed 
into lipid- secreting glands. Nectary disc wanting. 
Stamens (3)4, alternating with the upper petals, a 
fi fth sterile stamen rarely found below; fi laments 
thick, free or sometimes basally connate or adnate 
below to the claws of the upper petals; anthers 
4-locular, opening by one or two apical pore or 
short slit. Pollen grains 3–4-colporate to 3-porate, 

with striate ornamentation. Gynoecium of two car-
pels, one of them reduced and empty; style termi-
nal, curved, slightly longer than stamens, protruding 
from fl ower, with a discoid or punctiform stigma; 
ovules two in a single fertile locule, collateral and 
pendulous, anatropous. Fruits dry, indehiscent, 
1-seeded; usually armed with barbed bristles or 
with spines. Seeds long, with straight embryo and 
without endosperm; cotyledons large, cordate; seed 
coat very thin, membranous, developed from the 
outer integument; the inner integument is repre-
sented by one layer of endotegmen (Plisko 2000). 
Contain tannins, principally those of the catechin 
type, and fatty acids; n = 6. . . . . .2. krameriaceae

1. MALPIGHIACEAE

A. L. de Jussieu 1789. 66/1250. Tropical and  subtropical 
regions, especially in South America.

1.1 MALPIGHIOIDEAE
Plants mostly erect, rarely climbing. Receptacle fl at or 
slightly concave. Stamens mostly all fertile. Carpels 
united in the ovary stage, drupaceous in fruit, neither 
winged nor covered with long bristles. – Thryallis, 
Galphimia, Blepharandra Lophanthera, Byrsonima, 
Dicella, Spachea, Burdachia, Clonodia, Bunchosia, 
Heladena, Verrucularia, Glandonia, Mcvaughia, 
Malpighia, Diacidia, Coleostachys, Acmanthera, 
Pterandra.

1.2 HIRAEOIDEAE
Plants mostly climbing. Receptacle pyramidal, usually 
3-sided. Stamens all fertile or some stamens sterile. 
Carpels united in the ovary stage, separating when 
mature, usually winged or covered with long bristles. – 
tricomarieae: Tricomaria, Ptilochaeta, etc.; 
hiraeeae: Aspidopterys, Microsteira, Mascagnia, 
Hiraea, Tetrapteris, Hiptage, etc.;  rhyncho phoreae: 
Rhynchophora; banisterieae: Barnebya, 
Acridocarpus, Heteropteris, Sphedam nocarpus, 
Rhyssopteris, Banisteriopsis, Peixotoa, Stigmaphyllon, 
etc.

1.3 GAUDICHAUDIOIDEAE
Erect or climbing shrubs. Flowers often dimorphic. 
Sepals always glandular. Some anthers sterile. Carpels 
free in the ovary stage, winged or wingless, often at 
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length hanging by a raphelike thread. – Gaudichaudia, 
Janusia, Aspicarpa, Camarea.

2. KRAMERIACEAE

Dumortier 1829. 1/18. Southwestern United States (3 
from Kansas to Arizona and Florida), Mexico (11), 
Central and South America southwards to Brazil (5), 
Argentina and Chile; 1 sp. in West Indies.

Krameria.
A rather isolated family that, according to Verkerke 

(1986), is likely to be related to the Malpighiaceae, 
which is supported also by wood anatomical data 
(Heimsch 1942). It is interesting “and perhaps signifi -
cant” (Cronquist 1981: 780) that Krameria is polli-
nated primarily by bees of the genus Centris, which 
also collect oil from species of Malpighiaceae (Simpson 
and Neff 1978).
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Superorder CELASTRANAE

Order 101. CELASTRALES

Trees, shrubs, or woody lianas, sometimes herbs. Often 
with laticifers in the stem and leaves. Vessels mostly 
with simple perforations, less often with scalariform 
perforations. Fibers nearly always with bordered pits. 
Rays heterogeneous or homogeneous. Axial paren-
chyma apotracheal to paratracheal. Sieve-element 
plastids of S-type. Nodes trilacunar (with tree traces – 
Brexiaceae), or bilacunar (with two traces – 
Lepidobortyaceae), or unilacunar. Leaves alternate or 
opposite, simple, usually entire, with small stipules or 
estipulate; leaf mesophyll cells contain oil bodies. 
Stomata of diverse types. Flowers in terminal or  axillary 
cymose or less often racemose infl orescences, rarely 
solitary in the axils, small to rather large, bisexual or 
unisexual, actinomorphic or rarely weakly zygomor-
phic, usually 4-merous or 5-merous. Sepals free or 
basally connate, usually imbricate. Petals free or more 
or less connate, imbricate or less often  contorted or 
valvate, rarely wanting. Androecium haplostemonous 
with antesepalous stamens or (in a few Celastraceae) 
diplostemonous. Stamens 5 (2–20), free. Anthers dor-

sifi xed or basifi xed, commonly introrse, mostly tet-
rasporangiate, opening longitudinally. Tapetum 
secretory. Microsporogenesis  simultaneous. Pollen 
grains 2-celled or 3-celled, usually 3-colporate. 
Gynoecium of (2-)3–5(-7) united carpels, with terminal 
and usually short style or (Goupiaceae) free stylodia; 
ovary superior or rarely semi-inferior, (1)2–5-locular, 
with (1)2 or sometimes up to 6 (numerous in Goupiaceae 
and Brexiaceae), or numerous ovules in each locule. 
Ovules anatropous, apotropous, or rarely epitropous, 
bitegmic or rarely (Lepuropetalaceae) unitegmic, crassi-
nucellate to  tenuinucellate, often with endothelium. 
Female gametophyte of Polygonum-type. Endosperm 
nuclear. Fruits loculicidal, rarely septicidal capsules, 
samaras,  baccate, drupaceous, or indehiscent capsules 
or dry and separate into indehiscent mericarps. Seeds 
 exotestal, endotegmic, with exotegmic fi bers; embryo 
large to very small, straight; endosperm usually  copious 
and more or less oily or less often scanty or wanting.

The most primitive family of the order is Brexiaceae 
which probably derived from some woody Rosanae.

Key to Families
1 Nodes trilacunar or bilacunar.

2 Nodes trilacunar.
3 Stipules minute, deciduous. Trees or shrubs, 

 glabrous. Vessels almost exclusively with sim-
ple perforations; lateral pitting opposite, but 
occasionally with some tendency to alternate. 
Rays essentially uniseriate (mostly homoge-
neous) and, also biseriate (always heteroge-
neous and consisting mainly of upright and 
square cells). Fibers usually with bordered 
pits. Axial parenchyma abundant, several lay-
ered (1–6), apotracheal banded. Nodes 3-locu-
nar with three traces. Leaves with minute 
deciduous stipules,  alternate, conduplicate, 
entire to spinulose-dentate, without marginal 
glands; marginal venation is characteristically 
fi mbriate. Thin-walled, unicellular hairs are 
present sporadically. Flowers large, bisexual, 
5- merous, in axillary  umbel-like cymes or 
they may occur on the stem. Sepals connate 
into a short tube. Petals not clawed. Anthers 
almost basifi xed, with a basal pseudopit, sagit-
tate, introrse and versatile; connectives 
 protrude in long acute appendages. Pollen 
grains 3-colporate. There are 4–5 fi liform sta-
minodia with fused bases attached to the thick, 
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5-lobed nectary disc opposite to each petal. 
Ovary superior, 5–7-locular, stigma capitate, the 
short stigmatic lobes are commissural (Matthews 
and Endress 2005). Ovules numerous (up to 40), 
weakly crassinucellate, without nucellar cap, 
funicular obturator, and arillode, but with 
endothelium. Fruits baccate, large, woody, 5-cor-
nered, marked with numerous small, scarcely 
elevated papillae like the surface of an orange 
 many-seeded. Seeds smooth and shining, slightly 
angular, seed coat exotestal-exotegmal; exotestal 
cells tanniniferous, outer wall thickened, with 
transverse thickenings in surface view; embryo 
small, straight, endosperm copious, albuminous; 
n = 30, 32. . . . . . . . . . . . . . . . . . . 3. brexiaceae

3 Stipules intrapetiolar, caduceus. Trees, some-
times tall, or shrubs, sometimes lianoid, with 
simple or stellate hairs or peltate scales and 
with strong odour of garlic. Nodes trilacunar. 
Vessels mostly with oblique, simple perfora-
tions, but some of the fi rst-formed ones of the 
secondary xylem with scalariform perforations, 
without vestured pits. Fibers with bordered or 
simple pits. Phloem with wedge-shaped rays, 
and phloem in young stem not stratifi ed. Leaves 
simple, alternate, entire, pinnately veined, 
stipules free of one another, small in Hua, large 
in Afrostyrax. Stomata paracytic. Flowers small, 
axillary and solitary or in small clusters, bisex-
ual. Sepals 5, free, valvate (Hua), or the calyx 
closed in bud and opening by 3–5 irregular 
lobes (Afrostyrax). Petals (4)5, free, indupli-
cate-valvate, long clawed (Hua) or with a very 
short, broad base beneath the obovate blade 
(Afrostyrax). Stamens (8)10, free, in 1 cycle; 
fi laments fl attened; anthers basifi xed, 2-locular 
(Hua) or 4-locular, the lower 2 loculi smaller 
than the upper, appendaged (Afrostyrax). Pollen 
grains 3-porate. Gynoecium of fi ve carpels with 
a terminal style and small, punctate stigma; 
ovary 1-locular; ovules solitary (Hua) or ovules 
4–6 (mostly abortive), anatropous, erect on a 
basal placenta. Fruits dry, 1(2)-seeded, dehis-
cent from the apex into fi ve valves (Hua) or 
drupes (Afrostyrax). Seeds large, with a basal 
hilum, hairy (Hua); exotegmen of lignifi ed pal-
isade cells; embryo straight, surrounded by the 
copious endosperm; cotyledons fl attened. 
Plants with a strong odor of  garlic and without 
cyclopropenoid fatty acids.  . . . . . 9. huaceae.

2 Nodes bilacunar with two traces. Evergreen trees 
up to 40 m tall, with very sparse indumentum of 
unicellular hairs; wood fl uoresces. Vessels with 
simple perforations. Vestured pits present 
(Ruptiliocarpon). Leaves alternate, unifoliolate, 
petiolate and petiolule pulvinate, not gland-dotted, 
with caducous stipules and stipelli, stipules adnate 
to petiole. Stomata paracytic. Flowers in axillary, 
rarely terminal panicles or spikes, strobiliform 
when young, bracteolate,  5-merous, unisexual, 
dioecious, fertile fl owers functionally male, or 
functionally female, female fl owers with stamin-
odes. Sepals shortly connate below, persistent, 
imbricate; petals imbricate. Staminodes and pistil-
lodes present. Stamens ten, in two whorls, on fl eshy 
disc, shortly connate below, the antipetalous anthers 
sessile, the antisepalous fi laments distinct beyond 
tube; anthers basifi xed or dorsifi xed, versatile. 
Pollen grains 3- colporoidate. Nectary disc present, 
receptacular, protuberant between the fi lament 
bases. Gynoecium of 2–3 carpels; stylodia partially 
joined, attenuate from the ovary, apical, stigma 
2-lobed; ovary superior, 2–3- locular, with two col-
lateral ovules per locule; ovules pendulous, anatro-
pous, with an obturator and with ventral raphe, 
carunculate, the caruncle eventually orange-red. 
Fruits large, leathery, septicidal and val vular cap-
sules. Seeds covered with a fl eshy red-orange aril, 
integuments multiplicative, with fi brous, strongly 
thickened exotegmen; embryo straight or oblique; 
endosperm nearly absent.  . 2. lepidobotryaceae.

1 Nodes unilacunar.
4 Perforations always scalariform, with 3–10 thick 

bars. Evergreen trees or shrubs, cork superfi cial. 
Fibers with distinctly bordered pits. Rays hetero-
geneous, with elongate ends. Axial parenchyma 
apotracheal and paratracheal. Leaves alternate, 
shining, coriaceous, entire (but seedlings with 
dentate leaves), subtriplinerved and transversely 
venose, petiolate (the petiole with complex and 
unusual vascularization), with very narrow and 
rather long, caducous stipules. Stomata anomo-
cytic. Infl orescences axillary, pedunculate, 
umbel-like clusters of very short, bracteate 
racemes. Flowers small, bisexual, actinomor-
phic, 5-merous. Pedicels slender. Bracts short 
and triangular, hairy. Sepals connate, lobes imbri-
cate. Petals very long and subulate, concave, 
induplicate-valvate, the upper third sharply 
infl exed in bud and sometimes geniculate or 
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sigmoid at anthesis. Stamens fi ve, inserted on the 
edge of the nectary disc; fi laments extremely 
short; anthers small, ovoid, with a thickened and 
apically pilose  connective and ellipsoidal, sepa-
rate, introrse loculi. Pollen grains 3-colporate. 
Nectary disc thin and  cupular, sinuate on the 
margin. Gynoecium of fi ve carpels; ovary supe-
rior, partly enclosed by the disc, but free, 
depressed-globose, 5-locular; stylodia free, short, 
 subulate, very divergent, shorter than the ovary; 
ovules several to numerous in each locule, basal 
axile,  ascending. Fruits small, hard, globose, 
2–3-locular, indehiscent, many seeded. Seeds 
erect, obovoid, exotestal, with axile straight 
embryo in copious, fl eshy endosperm; testa retic-
ulate, pitted inside.  . . . . . . . . . . . 1. goupiaceae

4 Perforations simple or (some Celastraceae) partly 
scalariform. Leaves not transversely-venose. 
Petals not very long and sharply infl exed in bud.
5 Trees, shrubs, or woody lianas.

6 Petals usually imbricate. Trees, shrubs, or 
woody lianas, laticiferous, or non-laticifer-
ous. Commonly present yellow triterpene 
derivatives in the bark. Vessels with simple 
or rarely (Bhesa, Elaeodendron, Perrottetia) 
scalariform perforation, without vestured 
pits. Fibers with bordered or simple pits, 
often septate. Leaves alternate or opposite, 
rarely much reduced (Psammomoya and 
Canotia leaves represented by cataphylls), 
sometimes leathery or membranous, margins 
entire, spiny; stipules small, caducous or 
absent. Flowers in terminal, axillary, or 
rarely (Polycardia) epiphyllous cymose or 
rarely racemose infl orescences, rarely fl ow-
ers solitary, usually greenish or white, bisex-
ual or less often unisexual (plants monoecious 
or dioecious), usually 4–5-merous. Sepals 
(2-)4-5, free or basally connate, mostly 
imbricate. Petals usually free, imbricate or 
rarely contorted or valvate, rarely wanting. 
Stamens (2)3-5(8-10), alternipetalous; 
anthers 2-locular or rarely (Euonymus spp) 
1-locunar, extrorse or introrse, disporangiate 
or tetrasporangiate. Nectary disc well devel-
oped, intrastaminal (most Celastroideae) or 
extrastaminal, often cupular, often adnate to 
the ovary, sometimes forming a short androg-
ynophore, very rarely wanting (as in 
Campylostemon). Pollen grains 2- or 

3-celled, 3-colporate or sometimes (as in 
Siphonodon) 3-porate, mostly reticulate. 
Gynoecium of 2–5 carpels (usually with all 
but one abortive), with commonly short 
style; stigma capitate or sometimes 2–5-
lobed; ovary superior or very rarely semi-
inferior, 2–5-locular, rarely only 1 locule 
developed, with (1)2–10(-15) ovules per loc-
ule. Ovules anatropous,  apotropous, or very 
rarely (Tripterygium) epitropous, pendulous 
or ascending, crassinucellate to  tenuinucellate, 
with differentiated endothelium. Fruits 
mostly loculicidal, very rarely (Canotia) 
loculicidal and  septicidal, dehiscent or inde-
hiscent capsules, samaras, berries, or drupes. 
Seeds with a fl eshy or  submembranous 
brightly colored aril, or winged with the 
funicle free from the wing, originating from 
the integument near the funicle, or wingless, 
exotestal- exotegmic, with copious and more 
or less oily endosperm or  sometimes without 
endosperm; embryo sometimes rather large, 
green, straight, with short or minute  radicle; 
cotyledons very large, connate. Present 
gutta- percha, pyrrolizidine and sesquiter-
pene alkaloids, triterpenoids, proanthocyani-
dins (cyaniding and  delphinidin), fl avonols 
(kaempferol, quercetin, or myricetin) pres-
ent or rarely (Salacia) absent, n = 8–10, 12, 
14–17, 23, 28.  . . . . . . . . . 4. celastraceae.

6 Petals noncontiguous. Glabrous lianas with 
leaf tendrils. Cork superfi cial, vessels with 
simple  perforation, phloem stratifi ed. Leaves 
alternate, simple, entire,  serrulate or crenu-
late, stipulate, with  watch-spring tendrils 
(modifi ed infl orescences). Stomata para-
cytic. Flowers in glomerules on the branches 
of loose  axillary panicles, unisexual, monoe-
cious, actinomorphic, 5- merous. Sepals free 
or shortly connate, valvate,  persistent. Petals 
free, much smaller. Stamens fi ve, oppositise-
palous, alternate with fi ve spreading, 
 opposite,  petalous staminodia or glands that 
in the male fl owers are more or less adnate to 
the subtending p etals and in the female fl ow-
ers are more or less concrescent into a 
5-lobed nectary disc; fi laments fi liform; 
anthers introrse. Pollen grains 3-colporate. 
Gynoecium of 5–4 carpels, ovary superior, 
4–5- locular, ovoid-oblong, shallowly ribbed; 
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pubescent, with 5–4 sessile, subulate stigmas 
and 2 pendulous, apical-axile, anatropous 
ovules per locule, each surrounded by an 
obturator-like appendage. Fruits indehiscent, 
fusiform, 1-locular, 1-seeded, with fi ve 
broad, stramineous wings. Seeds oblong, 
with endosperm; embryo straight with long 
cotyledons.. . . . . . . . .6. lophopyxidaceae.

5 Perennial herbs with a woody, branched rhi-
zome to nearly subshrubs with moderate wood 
accumulation or (Macgregoria) annuals. 
Vessels mostly with simple perforations but a 
few double perforation plates are also found; 
lateral pitting alternate. Fibers with  bordered 
pits. Rays both multiseriate and uniseriate, 
cells predominantly erect. Axial parenchyma 
 essentially absent. Leaves alternate, entire, ses-
sile, fl eshy or  leathery, sometimes much 
reduced; stipules interpetiolar, scaly, deciduous 
or persistent. Stomata  anomocytic. Flowers 
rather small, in racemose or cymose (rarely 
umbellate) infl orescences, bisexual, actinomor-
phic (except for the usually unequal stamens), 
5-merous. Sepals connate into a tube, lobes 
imbricate. Petals  linear or spatulate, unequal 
but not bilabiate, clawed, claws free, but the 
blades mostly connate. Stamens fi ve, alternipe-
talous, usually three long and two short; anthers 
almost basifi xed, with a basal pseudopit, 
 sagittate, introrse, apically appendaged. Nectary 
disc thin, extends between androecium and 
gynoecium. Pollen grains 3-celled, 3-colporate. 
Gynoecium of 2–5 carpels; stylodia more or 
less connate, mostly sunken between the ovary 
lobes; ovary laterally and usually also apically 
lobed, with one erect, axile-basal ovule in each 
locule; ovules apotropous to sometimes epitro-
pous, anatropous, bitegmic, tenuinucellate. Fruits 
dry, of 2–5 indehiscent cocci. Seeds small, with 
straight embryo and rather thick cotyledons, 
endosperm fl eshy, contains starch and oils; testa 
composed of tangentially elongate tannincells; 
meso-endotesta thin-walled; exotesta with tan-
niniferous cells, tegmen absorbed, vascular bun-
dle extending in the antiraphe to the micropyle. 
n = 9, 10, 15. . . . . . . . . . . 7. stackhousiaceae.
7 Leaves alternate, all basal or both basal and 

 cauline. Perennial herbs from rhizomes or 
caudices, or diminutive winter annuals, gla-
brous or young petiole bases puberulent. 

Secretory cells with tanniniferous contents 
present in the unlignifi ed tissues of leaves 
and stem. Vessels with simple perforation. 
Leaves alternate or subopposite, fl at, long 
petiolate, the blades  palmately veined, ovate, 
reniform, or orbicular, entire, with  cuneate, 
truncate, or cordate bases; leaf venation 
campylodromous. Stomata anomocytic, on 
the abaxial leaf surface. Flowers protandrous, 
solitary, bisexual, weakly zygomorphic, 
5-merous, on a long peduncle, terminal on 
scapiform stems with one or (in section 
Fimbripetalum) many sessile and reduced 
leaves, often with a clasping base. Sepals 
basally connate, forming a more or less 
denned cup, lobes spreading, imbricate, per-
sistent. Petals showy, larger than sepals, ses-
sile, or clawed, imbricate, persistent. Stamens 
fi ve, dehiscing over the gynoecium in 
sequence before moving outwards; anthers 
ventrifi xed, versatile, extrorse, the connective 
is broad with a short protrusion, tetrasporan-
giate, opening longitudinally. Staminodia 
fi ve, candelabra-like, consist of three or many 
fi liform divisions with glandular-appearing 
apices. Nectar secretion from the bases of 
the staminodes. Pollen grains 2-celled, 
3- colporate, 4-colporate and syncolpate, with 
thin exine and fi ne columellae, reticulate. 
Gynoecium of 3–4(5) carpels; stigmas sessile 
or subsessile; ovary superior or partially infe-
rior. Ovules bitegmic (Parnassioideae) or 
unitegmic (Lepuropetaloideae), many to 
numerous, Capsules loculicidal, many-
seeded. Seeds minute (in Parnassia palustris 
about 100–2,000 in capsules – Hultgärd 
1987), oblong, thinly, with a winglike testa; 
endotegmic cells with U-shaped thickening; 
endosperm scanty or absent, embryo 
straight, cylindrical, n = 7, 8, 9, or 23 
(Lepuropetaloideae).. . . . 8. parnassiaceae.

7 Leaves opposite, simple, entire, pinnately 
veined, estipulate, with very short stellate 
hairs. Veins with adaxial caps of thin-walled 
fi bers containing elastic material. Stomata 
anomocytic and encyclocytic. Climbing 
shrubs. Young twigs rectangular in trans-
verse section. Branches and leaves with 
latex canals. Vascular system sheathed by 
thin-walled fi bers containing elastic material. 
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Vessels with simple perforations and with 
vestured pits. Fibers with bordered pits, sep-
tate and nonseptate. Flowers small, in axil-
lary, paniculate infl orescences, very fragrant, 
bisexual, with an epicalyx. Sepals (3)4(5), 
conspicuous in bud,  valvate, covered by the 
same kind of hairs as the  vegetative parts, 
revolute. Corolla (3)4(5), valvate, externally 
pubescent, revolute. Stamens numerous (30–
100) on small disc, shortly connate at the 
base; fi laments  slender, free; anthers small, 
4-locular,  transversely dehiscent by an apical 
horizontal slit. Pollen grains 3-celled, 3-col-
porate, tectate- columellate. Gynoecium of 3 
carpels, with elongate, subulate, shortly 
3-lobed style; stigma  punctate, ovary 3-locu-
lar, with two basal, ascending, apotropous, 
weakly  crassinucellate ovules per locule; 
micropyle zig-zag. Endothelium differenti-
ated. Fruits turbinate, fi nely septicidal cap-
sules expanded at the apex into two or three 
divergent, stiff wings.  5. plagiopteraceae.

1. GOUPIACEAE

Miers 1862. 1/2–3. Tropical South America (Guyana, 
Surinam, northern Brazil).

Goupia.
Goupiaceae differ from Celastraceae in many 

respects, including the peculiar structure of the petiole 
(Metcaife and Chalk 1950), leaf venation, long stipules, 
morphology of anthers, free stylodia. In some respects 
Goupia is more archaic than Celastraceae. Goupiaceae 
are characterized by primitive wood anatomy and have 
vessels with scalariform perforations with numerous 
bars. The APG (2003) included this family in 
Malpighiales. However, the including Goupiaceae in 
the Celastrales is debatable.

2. LEPIDOBOTRYACEAE

J. Léonard 1950. 2/2–3. Tropical Africa (Lepidobotrys), 
trop. America from Costa Rica to Peru and Suriname 
(Ruptiliocarpon).

Lepidobotrys, Ruptiliocarpon.
The Lepidobotryaceae are related to the Celastraceae 

(Savolainen et al. 2000). According to Matthews and 
Endress (2005), some “features are shared by 

Celastraceae and Lepidobortyaceae”, e.g. “stamen 
bases are united and form a collar around the gynoe-
cium, associated with a pronounced nectariferous disc, 
and seeds have a conspicuous red or orange aril”. In 
their opinion, “Lepidobotriaceae are more distant and 
share with Malpighiales several features that deviate 
from other Celastrales”.

3. BREXIACEAE

Loudon 1830. 1/12. Mainly Madagascar (10), with one 
species extending to East Africa (Tanzania, 
Mozambique, Zanzibar) and Comoro Islands, and one 
species restricted to the Seychelles.

Brexia.
Bensel and Palser (1975) noted that both Brixiaceae 

and Celastraceae have dulcitol, and Ramamonjiarisoa 
(1980) has found the anatomical similarities between 
Brexia and Celastraceae. According to Simmons et al. 
(2001), Brexia is closely related to Elaeodendron and 
Pleurostylia.

4. CELASTRACEAE

R. Brown 1814 (including Canotiaceae Airy Shaw 
1965, Chingithamnaceae Handel-Mazzetti 1932, 
Euonymaceae Berchtold and J. Presl 1820, 
Hippocrateaceae A. L. de Jussieu 1811, Pottingeriaceae 
Takhtajan 1987, Salaciaceae Rafi nesque 1838, 
Siphonodontaceae Gagnepain et Tardieu ex Tardieu 
1951). 85–90/860. Widely distributed, but chiefl y in 
tropical and subtropical regions.

4.1 POTTINGERIOIDEAE
Fruits septicidal capsules. Seeds mesotestal. Nectary 
disc large, annular. – Pottingeria.

4.2 CELASTROIDEAE
Fruits mostly loculicidal capsules, or drupes, berries. 
Seeds with endosperm or without (Lophopetaleae), 
with or without an aril. Nectary disc usually intra-
staminal. – euonymeae: Mommopetalum, Euonymus, 
Microtropis, Glyptopetalum, Empleuridium, etc.; cel-
astreae: Celastrus, Psammomoya, Maytenus, Catha, 
Polycardia, Bhesa, Xylonymus, Paxistima, etc.; lopho-
petaleae: Lophopetalum, Kokoona, Peripterygia. 
cassineae: Cassine, Forsellesia, Elaeodendron, 
Pleurostylia, Gyminda, Crossopetalum, Myginda, 
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Acanthothamnus, Canotia, Mortonia, Schaefferia, etc.; 
perrottetieae: Perrottetia.

4.3 TRIPTERYGOIDEAE
Fruits samaras or nut. Seeds without an aril. – Ptelidium, 
Zinowiewia, Plenckia, Tripterygium, Wimmeria, 
Platypterocarpus.

4.4 HIPPOCRATEOIDEAE
Fruits drupes, berries, or often strongly 3-lobed 
 capsules. Seeds without endosperm and usually 
 without true aril. – salacieae: Cheiloclinium, Peritassa, 
Sala cia, Salacighia, Thyrsosalacia, Tontelea; campylos-
temoneae: Bequaertia, Campylostemon, Tristemona
nthus; helictonemeae: Helictonema; hippo-
crateae: Hippocratea, Anthodon, Apodostigma, 
Arnicratea, Cuervea, Elachyptera, Hylenaea, Pristimera, 
Prionostemma, Simirestis, Loeseneriella, Reissan tia, 
Semialarium, Simicratea.

4.5 SARAWAKODENDROIDEAE
Fruits 3-lobed capsules. Seeds with fi lamentous arils, 
endosperm thin-walled, oily. – Sarawakodendron.

4.6 SIPHONODONTOIDEAE
Fruits drupaceous. Nectary disc very large, almost 
completely enclosing gynoecium. Seeds with 
endosperm. Aril wanting. – Siphonodon.

Genus Bhesa (2 sp. in India, Sri Lanka, Burma, 
Thailand, Indochina, Malesia) is traditionally includ-
ing into the Celastraceae (see Kubitzki 2004). However, 
molecular analysis does not support the including 
Bhesa in Celastraceae and show affi nity with families 
of Malpighiales sensu APG II (2003). The systematic 
position of Bhesa is debatable.

All six subfamilies are closely related. The 
Hippocrateoideae are connected with the Celastroideae 
through the tropical African genus Campylostemon. 
Seemingly more isolated is an Indomalesian-Australian 
genus Siphonodon, but as Airy Shaw (in Willis 1973) 
points out, it is possibly only an extreme modifi cation 
of Celastraceae. Perrottetia, according to Corner 
(1976), is entirely anomalous in Celastraceae.

5. PLAGIOPTERACEAE

Airy Shaw 1965. 1/2. Southwestern China, Lower 
Burma, Thailand.

Plagiopteron.
Related to the Celastraceae, especially 

Hippocrateoideae (see M.P.Simmons 2004).

6. LOPHOPYXIDACEAE

H. Pfeiffer 1951. 1/2. Malay Peninsula, Borneo, East 
Malesia, Palau, and Solomon Islands.

Lophopyxis.
Closely related to the Celastraceae.

7. STACKHOUSIACEAE

R. Brown 1814. 3/28. Malesia, Micronesia, New 
Guinea, Australia, Tasmania, New Zealand.

7.1 MACGREGORIOIDEAE
Flowers ebracteate. Petals free. Stamens equal; 
 fi laments very short; anthers with apical appendages. 
Pollen grains smooth. Carpels fi ve; style with discoid 
collar beneath stigma. – Macgregoria.

7.2 STACKHOUSIOIDEAE
Flowers with three transverse bracteoles. Claws of 
 petals free below, connate into a tube above. Stamens 
unequal, three long, three short; fi laments elongate; 
anthers obtuse or shortly mucronate at apex. Pollen 
grains lamellate-areolate. Carpels three, rarely two or 
fi ve, style without collar. – Stackhousia, 
Tripterococcus.

Close to the Celastraceae but much more special-
ized, especially in seed coat structure.

8. PARNASSIACEAE

Martynov 1820 (including Lepuropetalaceae Nakai 
1943). 2/c.50–70. Cold and temperate regions of the 
Northern Hemisphere, especially in the Himalayas, 
eastern Asia, and northwestern parts of North America 
(Parnassia, c.70) and Southwestern United States, 
Mexico, Ecuador, Brazil, Argentina, central Chile, and 
Uruguay (1, Lepuropetalon).

8.1 PARNASSIOIDEAE
Ovules bitegmic. Perennial herbs from rhizomes or 
caudices, glabrous or young petiole bases puberulent. 
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Secretory cells with tanniniferous contents present in 
the unlignifi ed tissues of leaves and stem. Leaves all 
basal, fl at, long petiolate, the blades palmately veined, 
ovate, reniform, or orbicular, entire, with cuneate, 
truncate, or cordate bases; leaf venation campylodro-
mous. Stomata on the abaxial leaf surface. Flowers 
protandrous, solitary, on a long peduncle, terminal on 
scapiform stems with one or (in section Fimbripetalum) 
many sessile and reduced leaves, often with a clasping 
base. Sepals persistent. Petals showy, larger than 
sepals, sessile, or clawed, imbricate, persistent. 
Stamens dehiscing over the gynoecium in sequence 
before moving outwards; anthers ventrifi xed, versatile, 
extrorse, the connective is broad with a short protru-
sion. Staminodia fi ve, candelabra-like, consist of three 
or many fi liform divisions with glandular-appearing 
apices. Nectar secretion from the bases of the stamin-
odes. Pollen grains 2-celled, 3-colporate, 4-colporate 
and syncolpate, with thin exine and fi ne columellae, 
reticulate. Seeds minute (in Parnassia palustris about 
100–2,000 in capsules – Hultgärd 1987), oblong, 
thinly, with a winglike testa; endotegmic cells with 
U-shaped thickening; endosperm scanty or absent, 
embryo straight, cylindrical, n = 7, 8, 9. – Parnassia.

8.2 LEPUROPETALOIDEAE
Ovules unitegmic. Diminutive annual, more or less 
succulent herbs, usually forming small hemispherical 
tufts. Leaves both basal and cauline, alternate or 
 subopposite, spatulate, entire, the blade constricted 
into a broad petiole; leaves brown-streaked from tan-
nins; leaf venation acrodromous. Stomata on both 
leaf  surface. Flowers small and inconspicuous, either 
appearing sessile in the basal rosette or terminal at the 
ends of short, leafy, and angled stems. Petals white, 
smaller than sepals, sometimes absent or of (4)5 
 linear, bractlike, submicroscopic structures inserted 
on the rim of the fl oral cup. Stamens very short; 
anthers bisporangiate at anthesis (Simmons 2004), 
Staminodia external to the stamens, dilated distally. 
Seeds  cylindrical, blackish, with a short beak on 
one end, the  surface reticulate; endotestal cell walls 
much thickened, endosperm scanty, n = 23. – 
Lepuropetalon.

9. HUACEAE

A. Chevalier 1947. 2/3. Tropical Africa.

Hua, Afrostyrax.
The affi nities of Huaceae have long been obscure 

(Soltis et al. 2005). According to Zhang and Simmons 
(2006), “Huaceae are best supported as the sister group 
of Oxalidales, suggesting that it should be placed 
within that order.”. Here I follow to recent version of 
Thorne system (2006) in inclusion of Huaceae in the 
Celastrales.
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Superorder SANTALANAE

Order 102. SANTALALES

Trees, shrubs, woody lianas, or perennial herbs, 
mostly hemiparasitic and attaching to the roots or 
stems of other plants. Vessels with simple or some-
times  scalariform perforations; lateral pitting scalari-
form to alternate. Fibers with bordered or simple 
pits. Rays heterogeneous or homogeneous. Axial 
parenchyma mostly apotracheal. Sieve-element plas-
tids of Ss- or (Misodendraceae) So-type. Nodes trila-
cunar or unilacunar, rarely pentalacunar. Leaves 
alternate or opposite, simple, entire, mostly estipu-
late. Stomata of various types. Infl orescences  axillary 
or terminal. Flowers mostly rather small, bisexual or 
unisexual, usually actinomorphic, often apetalous or 
in the most reduced groups even naked. Calyx often 
very reduced or absent. Petals free or basally  connate, 
mostly valvate, seldom absent. Stamens usually 
isomerous and opposite the petals; fi laments free or 
sometimes adnate to the petals (very rarely to the 
sepals) or connate into a column; anthers basifi xed, 
tetrasporangiate, disporangiate, or monosporangiate, 
opening longitudinally or by apical pore or trans-
verse slit. Tapetum secretory. Microsporogenesis 
simultaneous. Pollen grains 2-celled or sometimes 
3-celled, with various types of apertures (from 
3- colpate to pantoporate). Gynoecium of 2–3(-4) 

united carpels, with short or rarely long style; ovary 
superior to inferior, mostly 1-locular or partitioned 
only at the base, with the ovules pendulous from a 
columnar placenta that extends upward beyond the 
basal partitions. Ovules anatropous, epitropous, 
hemitropous, or orthotropous, bitegmic to unitegmic 
and usually tenuinucellate, but more often ategmic, 
sometimes not differentiated from the placenta and 
mostly characterized by clearly expressed reduction 
of nucellus. Female gametophyte of Polygonum- or 
sometimes of Allium-type, rarely (Thesium) of 
Adoxa-type. Endosperm cellular or less often 
 helobial. Fruits of various types. Seeds mostly 
 without seed coat, usually with well-developed 
endosperm; embryo terete and lug-like. Contain 
 triglycerides with C18 acteylenic acids, triterpenic 
sapogenins.

Probably related to Celastrales (Hutchinson 1973; 
Dahlgren 1983).

Key to Families
1 Ovules well differentiated from placenta (except in 

Exocarpos of Santalaceae). Ovary superior or infe-
rior. Endosperm cellular or helobial.
2 Plants usually terrestrial. Calyx present, at least 

in female fl owers, but usually greatly reduced in 
Schoepfi a, and minute or almost absent in 
Opiliaceae.
3 Leaves alternate. Ovary superior or inferior. 

Stamens opposite the petals.
4 Nectary disc present. Petals usually 

present.
5 Stamens not united into a column. 

Gynoecium of 2–5 carpels.
6 Nectary disc annular, more or less 

adherent around the base of ovary. 
Trees, woody lianas, and shrubs, rarely 
subshrubs, sometimes root parasites 
(Schoepfi a and Ximenia), sometimes 
with schizogenous resin glands and/or 
branched laticifers. Nodes mostly trila-
cunar with three traces. Vessels usually 
with simple perforations, but in some 
genera perforations scalariform with 
6–10 bars (up to 20 or more in 
Heisteria); lateral pitting scalariform to 
alternate. Fibers with bordered or more 
often simple pores. Rays heterogeneous 
with long or short ends. Axial paren-
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chyma apotracheal to paratracheal. 
Flowers usually small, 3–6-merous, in 
axillary panicles, racemes, heads, or 
(Erythropalum) very slender compound 
dichasia, sometimes solitary in the 
axils, usually bisexual or rarely unisex-
ual (dioecious). Calyx small, more or 
less cupular, mostly 3–6-toothed, often 
accrescent in fruit. Petals 3–6, usually 
valvate or rarely imbricate, free or 
basally connate, seldom forming a long 
tube. Stamens as many as and opposite 
the petals or more often 2–3 times as 
many, but apparently always in one 
cycle; fi laments free or sometimes 
adnate to the corolla, very rarely adnate 
to calyx; anthers 4-locular, opening 
longitudinally or sometimes by termi-
nal valves. Pollen grains 3-colpate, 
3-colporate or 3–8-porate. Gynoecium 
of (2)3(-5) carpels. Stigma 2–5-lobed; 
ovary free or more or less embedded in 
nectary disc, 2–5-locular at the base, 
but mostly 1-locular above, with 1 
ovule in each locule or semilocule, pen-
dulous from the top of the free central 
placenta; several genera, e.g., 
Anacolosa, have a complete placental 
column attached to the top of ovary; 
ovules mostly anatropous, bitegmic, 
unitegmic, or ategmic, tenuinucellate 
or very rarely (Ximenia americana) 
crassinucellate. Endosperm cellular (as 
in Strombosia) or helobial (as in Olax). 
Fruits usually 1-seeded drupes or nuts, 
often subtended or enclosed by accres-
cent and colorful calyx, the  pericarp 
fl eshy, thin, the endocarp woody. Seeds 
with green small or minute embryo 
near tip of copious, oily (and sometimes 
also starchy) endosperm; cotyledons 
2–6; seed coat thin, crushed. n = 12, 13, 
16, 19, 20.  . . . . . . . . . . .1. olacaceae.

6 Nectary disc of separate glands or parts 
only united at the base but not adherent 
to ovary, alternating with stamens. Trees 
and shrubs, sometimes lianoid, usually 
or always hemiparasitic. Vessels with 
simple perforations; lateral pitting alter-

nate. Fibers with  bordered or rarely sim-
ple pits. Rays homogeneous. Axial 
parenchyma apotracheal, usually dif-
fuse. Cystoliths present. Flowers small, 
in axillary or caulifl orous infl orescences 
(spikes, racemes, umbels, or panicles), 
bisexual or (Gjellerupia and Agonandra) 
dioecious, 4–5-merous. Calyx small and 
inconspicuous, cupular or with 4–5 
small lobes or teeth. Petals free or con-
nate below or less often for more than 
half of their length, valvate, in female 
fl owers usually  wanting. Stamens as 
many as and opposite petals;  fi laments 
free or borne on petals or on corolla 
tube; anthers 4-locular, opening longi-
tudinally; rudimentary gynoecium 
present. Pollen grains 3-colporate, 
microechinate. Stigma small or capi-
tately expanded or stigma sessile; ovary 
free or half-sunken in nectary disc, supe-
rior, 1-locular, with a single (very rarely 
2) ovule  pendulous from the summit of 
the columnar  free- central placenta or 
(Agonandreae) the ovule basal and erect. 
Ovules pendulous, anatropous (or 
orthotropous ? – Corner 1976), uniteg-
mic and tenuinucellate or not divided into 
nucellus and integument (Agonandra). 
Endosperm cellular. Fruits drupaceous; 
the pericarp thin, usually yellow to 
orange, the mesocarp fl eshy, the endo-
carp woody or crustaceous. Seeds large, 
with rather small embryo and copious, 
oily and starchy endosperm; seed coat 
thin-walled, crushed; cotyledons (2) 
3–4, n = 10.  . . . . . . . . . . 2. opiliaceae.

5 Stamens united into a column around the 
style with as many sessile anthers in a 
whorl at the top. Trees. Vessels with sim-
ple perforations; lateral pitting alternate. 
Fibers with simple or (Ongokea) dis-
tinctly bordered pits. Rays heteroge-
neous. Axial parenchyma typically 
apotracheal. Flowers in short, axillary 
infl orescences racemes (Harmandia) or 
panicles, usually bisexual or dioecious. 
Calyx 4–5-dentate or -lobed, small at 
anthesis but very much enlarged and 
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persistent in fruit. Petals 4–5 in bisexual 
fl owers, or 6–8 in female ones, free, val-
vate. Nectary disc extrastaminal, annular 
(Harmandia) or lobed between petals. 
Stamens 4 or (Ongokea) 5; anthers 2-loc-
ular, opening from apex to base by a 
membranous fi nally refl exed valve. Pollen 
grains (3)4(5)-porate. Gynoecium of 3–2 
carpels, with elongated style between the 
staminal column or (Harmandia) stigmas 
sessile; ovary 2- or 1-locular, with 1–3 
ovules pendulous from the top of the free-
central placenta. Ovules not divided into 
nucellus and integument. Fruits drupes, 
more or less enclosed by the enlarged 
calyx; pericarp coriaceous, endocarp 
woody. Seeds with oily endosperm and 
very small embryo near its tip. Ongokea 
has polyacetylenes.  . .3. aptandraceae.

4 Nectary disc absent or present in female 
fl owers.
7 Ovary superior. Trees with scattered secre-

tory canals containing a yellow liquid. 
Vessel elements very long with oblique, 
scalariform perforation plates that have 
11–43 (mostly 19–24) bars; lateral pitting 
scalariform. Rays high, uniseriate-hetero-
geneous. Axial parenchyma scanty para-
tracheal and diffuse. Leaves alternate, 
apparently simple, remotely and minutely 
crenulate, pinnately veined, transverse 
veins numerous and parallel; the lower 
surface provided with hairs of a unique, 
thick-based type; petiole with a pulvinus at 
the top, suggesting that the leaves may be 
unifoliolate rather than simple; stipules 
small,  deciduous. Stomata anomocytic. 
Flowers small, in axillary, pendulous cat-
kinlike racemes, bisexual,  actinomorphic. 
Sepals fi ve, free or nearly so, open in bud, 
 persistent. Petals fi ve, free, small, imbri-
cate. Fertile stamens fi ve, oppositipetalous, 
short, erect in bud, free from each other but 
fi laments slightly adnate to the base of pet-
als; anthers tetrasporangiate, the outer 
(abaxial) loculi opening by an outwardly 
recurved valve, the inner (adaxial) ones 
opening by an inwardly recurved valve; 
staminodia fi ve, oppositisepalous, elon-

gate, long-exerted, linear, very densely and 
shortly pubescent above the glabrous base, 
in-fl exed at the apex and with an abortive 
anther at the tip. Pollen grains 3- colporate. 
Nectary disc wanting. Gynoecium of 3 
(-4) united carpels; stylodia free, widely 
separate, short, with a very small, terminal 
stigma; ovary 1- locular, with a slender 
free-central placental column and 6(-8) 
anatropous, epitropous ovules pendulous 
from the top of the column. Fruits 
3(4)-valved coriaceous 1-seeded capsule, 
silky-fi brous within,  subtended by persis-
tent refl exed sepals. Seeds large, pulvini-
form, often with six radiating ribs above, 
with small, straight embryo near the 
edge of the  copious, slightly ruminate 
endosperm. . . . . . . 5. medusandraceae.

7 Ovary inferior. Trees or shrubs with stellate 
hairs (as in Couleae, Olacaceae). Vessels 
with scalariform (Octoknema) or simple 
perforations (Okoubaka); lateral pitting 
opposite to alternate. Fibers with simple 
pores, rarely septate. Rays heterogeneous 
with long ends (Octoknema) or homoge-
neous (Okoubaka). Axial parenchyma apo-
tracheal, diffuse or (Octoknema) absent. 
Stomata anomocytic. Flowers usually in 
axillary racemes, spines, or panicles, uni-
sexual, 5-merous. Sepals valvate, mostly 
very reduced, in male fl owers obsolete. 
Petals more or less connate, valvate, persis-
tent, the outer surface of the petals densely 
covered by hairs. Stamens free, oppositipe-
talous; fi laments short and broad; anthers 
short, introrse. Pollen grains  3-colporate. 
Rudimentary gynoecium in male fl owers 
with 5-lobed disc at the base. Staminodia in 
female fl owers without anthers or 
(Okoubaka) with sterile anthers. Nectary 
disc in female fl owers lobed. Gynoecium of 
three carpels; style very short and thick, 
with three broad, refl exed, irregularly lobu-
late lobes; ovary inferior, in lower part 
3-locular, more or less 1-locular above with 
three ovules at the apex of a threadlike, 
free-central placenta that reaches and adnate 
to the top of the ovary. Ovules anatropous, 
unitegmic. Fruits drupaceous, 1-seeded. 
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Seeds with small embryo and copious, 
slightly ruminate endosperm; radicle much 
longer than cotyledons; cotyledons up to 6. 
n = 36.. . . . . . . . . . . . 4. octoknemaceae.

3 Leaves opposite or less commonly alternate, 
sometimes reduced to scales, rarely (Ionidium) 
 margins with spines. Stomata mostly paracytic. 
Hemiparasitic terrestrial small trees, shrubs, 
and perennial herbs  usually on roots of other 
plants or rarely (as Dendrotrophe) on branches, 
sometimes thorny or xeromorphic. Cuticular 
epithelium common (cuticle waxes as rodlets); 
epidermal cells sclerifi ed, with druses. Vessels 
with simple perforations; lateral pitting usually 
alternate. Fibers with bordered or simple pores. 
Rays heterogeneous or homogeneous. Axial 
parenchyma usually rather scanty, apotrachel, 
or paratracheal. Nodes unilacunar. Flowers 
small, often greenish, in various kinds of infl o-
rescences (often small dichasium in axil of each 
bract), rarely solitary in leaf axil (as in Thesium), 
bisexual or unisexual (monoecious or dioe-
cious). Calyx extremely reduced, inconspicu-
ous. Petals (3)4–5(-8), free or forming a 
valvately lobed, often fl eshy cup or tube. 
Stamens as many as and  opposite the petals; 
fi laments often adnate to base of petals; anthers 
4-locular or rarely (Exocarpos) 2- locular, open-
ing longitudinally of by single apical pore. 
Pollen grains 3-aperturate, with apertures of 
various types. Lobed nectary disc mostly pres-
ent (absent in Thesieae), surrounding or seated 
on the ovary or lining the lower part of fl oral 
tube. Gynoecium of (2)3(-5) carpels, with ter-
minal style and lobed or capitate stigma; ovary 
 superior to inferior, completely 1-locular or 
with basal  partitions, with straight or spirally 
coiled free-central placenta bearing 1–4, less 
often 4–5 pendulous ovules. Ovules anatropous 
or less often hemitropous, or orthotropous, 
unitegmic and tenuinucellate, ategmic (Mida 
and Santalum) or (Exocarpos) more or less 
undifferentiated into nucellus and integument. 
Endosperm  cellular or (Mida and Santalum) 
helobial. Fruits drupaceous, nuts, or baccate. 
Seeds without a differentiated testa, with 
straight embryo surrounded by copious, fl eshy, 
oily, or (Thesium) starchy endosperm; seed coat 
absent. n = 5–7.  . . . . . . . . . . .6. santalaceae.

2 Hemiparasitic shrublets almost always on 
Nothofagus spp., with radially expanded hausto-
rial region and stout twigs; shoot apex aborts 
annually and one or more lateral branches con-
tinue vegetative growth in a sympodial fashion 
in the next growing  season. Vessel elements very 
short, with simple perforations; lateral pitting 
alternate to scalariform. Fibers very short and 
broad, with bordered pits. Rays uniseriate, homo-
geneous. Axial parenchyma vasicentric. Leaves 
alternate, small, sometimes scalelike. Stomata 
mostly paracytic. Flowers very small, in axillary 
 catkinlike compound racemes or spikes, sub-
tended by a bract, dioecious, but very occasion-
ally bisexual (Skottsberg 1913); male fl owers 
without perianth of two or three stamens around 
small, lobed nectary disc; anthers at least ini-
tially 2-locular, monothecous, opening by apical 
tangential slit. Pollen grains 4–12- colpate. 
Female fl owers apetalous, but with three sepals 
basally adnate to the ovary and free at the top, 
they fused with the ovary along their midregion 
and extended sideways in a winglike fashion, 
having three deep grooves that rub the length of 
the ovary; from each groove protrudes a short 
bristlelike staminodium that is lengthening into 
long plumose bristle during maturation of the 
fruit. Gynoecium of three carpels; style very 
short, stout, with 3-lobed stigma; ovary essen-
tially superior (Kuijt 1969), 1-locular, with 
three ovules pendulous from the top of short, 
free, central placental column, each hanging 
down into a basal pocket of ovarian cavity; 
ovules anatropous, reduced, not differentiated 
into nucellus and integument. Female gameto-
phyte  Polygonum-type. Endosperm cellular, 
with elongate chalazal haustorium. Fruits small, 
1-seeded nuts crowned the strongly accrescent 
staminodia covered by numerous long, 
 unicellular trichomes and serving as an adapta-
tion for wind dispersal and anchoring while the 
seeds  germinate. Seed without testa or testa rudi-
mentary (M. punctulatum), with straight embryo 
surrounded by oily green endosperm; seed coat 
absent. . . . . . . . . . . . . . . . .7. misodendraceae.

1 Ovules embedded in placenta, placentalike body, or 
in the base of the ovary and scarcely differentiated 
from them. Ovary inferior, usually 1-locular. 
Endosperm cellular. Seeds without testa.
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8 Flowers usually bisexual, only rarely unisexual. 
Hemiparasitic brittle shrublets on tree branches 
(or on epiphytes), less often terrestrial shrubs, 
lianas, or even (Nuytsia) trees on host roots, with 
a single or several haustoria at ends of epicortical 
roots, occasionally almost Cuscuta-like in habit. 
Stem often dichasially branched, but without 
nodal construction. Vessels with simple perfora-
tions; lateral pitting alternate. Fibers short to very 
short, with simple or clearly bordered pits. Rays 
slightly to strongly heterogeneous. Axial paren-
chyma apotracheal. Nodes unilacunar. Leaves 
mostly opposite, less frequently alternate or ver-
ticillate, always simple, sometimes reduced to 
scales. Stomata mostly paracytic. Flowers rather 
large and brightly colored to small, in various 
types of  infl orescences the basic unit of which is 
a triad or simple dichasium, rarely (Ixocactus) 
solitary, bisexual or rarely unisexual (plant dioe-
cious), actinomorphic or (in African members) 
with a strong tendency to  zygomorphic, fre-
quently red or yellow, entomophilous or ornitho-
philous. Calyx represented by toothed or lobed 
rim around the summit of ovary. Petals (3-)5–6(-
9), valvate, free or often connate below into a 
tube,  sometimes nectariferous basally within. 
Stamens as many as and opposite to petals; fi la-
ments often adnate to petals; anthers 4-locular or 
sometimes 2-locular or 1- locular opening longi-
tudinally. Pollen grains 3- or seldom 4-(5)-aper-
turate, rarely (Atkinsonia) inaperturate, trilobate 
or triangular. Nectary disc present or wanting. 
Gynoecium of 3–4-carpels, with very short to 
much elongated style and small stigma; ovary 
1- locular, with commonly 4–12 ovules embed-
ded in the erect, free-central placenta or the basal 
tissue of the ovary, rarely (Lysiana) ovary 4-locu-
lar with an axile placentas; each ovule consists 
essentially of monosporic, 8-nucleate female 
gametophyte of  Polygonum-type. Suspensor 
highly elongate. Fruits usually laticiferous ber-
ries or drupes, mostly 1-seeded, less often 
2–3-seeded; rarely fruits dry and indehiscent. 
Seeds more or less covered with viscous mate-
rial, embryo green, rather large, at least some-
times without obvious radicle; endosperm 
copious, starchy, rarely wanting at maturity. 
Contain triterpenes (loranthin, betulin, etc.), 
rather large amounts of tannins, alkaloids, 

saponins, and fatty acids, n = 8–12 (Wilson et 
Calvin 2006).. . . . . . . . . . . . .8. loranthaceae.

8 Flowers unisexual, generally small and incon-
spicuous. Calyx obsolete. Ovules two. Female 
gametophyte bisporic.
9 Leaves opposite. Hemiparasitic, brittle shrub-

lets on trees without epicortical roots; haustoria 
( sometimes almost like mycelium) penetrating 
and ramifying in host tissues; aerial branding 
often pseudodichotomous and often with nodal 
constructions. Vessels with  simple perforations; 
lateral pitting alternate. Fibers very short, with 
simple or evidently bordered pits. Rays more or 
less heterogeneous. Axial parenchyma apotra-
cheal. Leaves opposite, often reduced to scales. 
Stomata mostly paracytic. Flowers very small, 
not brightly colored (usually yellow or green), 
more or less sessile, mostly in spikelike often 
branching infl orescences with (1)3-fl owered 
dichasium in axil of each bract, unisexual 
(monoecious or dioecious), anemophilous or 
entomophilous. Petals small, valvate, usually 
four in male fl owers and three in female fl ow-
ers, often reduced to merely teeth or bumps on 
ovary rim. Stamens opposite and often adnate 
to petals; tetrasporangiate and opening longitu-
dinally or reduced to one or two microsporan-
gia and opening by apical pores or slits or 
transversely partitioned and opening by a num-
ber of transverse slits, or the anthers confl uent 
into synandrium (Viscum album, Korthalsella 
opuntia). Pollen grains usually spheroidal, tria-
perturate or in some African Viscum species 
(3-)4–6-aperturate, in one African Viscum spe-
cies (5-)7–10-rugorate. Gynoecium of 3–4 car-
pels; style very short with a small stigma; ovary 
inferior, usually 1-locular, with massive pla-
centa (mamelon) bearing two ategmic ovules 
usually completely reduced to only a female 
gametophyte. Female gametophyte bisporic, of 
Allium-type. Suspensor very short or absent. 
Cleavage of zygote transverse. Fruits 
1(2)-seeded berries, sometimes explosive. 
Seeds with viscid tissue at one end; embryo 
rather large, green, embedded in starchy green 
endosperm. Chemistry is similarity of that of 
Loranthaceae, except for toxic polypeptides 
(visco-toxins and lectins), which present only 
in Viscaceae, n = 10–15(-17).  . . 9. viscaceae.
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9 Leaves alternate or sometimes opposite 
(Lepidoceras and juvenile plants of Eubrachion). 
Small hemiparasitic shrubs on woody plants, 
 sometimes (spp. of Antidaphne) with epicortical 
roots. Vessels with simple perforations. Leaves 
 foliaceous or (in mature plants of Eubrachion) 
peltate and scalelike. Flowers small, mostly 
sessile, ebracteolate, in catkinlike spikes or 
racemes, often with deciduous scale leaves; 
sometimes female fl owers solitary in leaf axils, 
unisexual (dioecious or monoecious), 2–4-mer-
ous, without calyx. Aborted organs of opposite 
sex wanting. Petals small, two or four (or rarely 
none) in male fl owers, two or three in female 
fl owers. Stamens free, opposite petals; fi la-
ments often very short; anthers  tetrasporangiate, 
2-locular, opening longitudinally. Pollen grains 
3-colporate, echinate or rarely (Eubrachion) 
shallowly reticulate and lacking any spines. 
Gynoecium of three or fi ve carpels with a short, 
stout style  surrounded by a capitate or crestlike 
stigma, sometimes shallowly lobed; ovary infe-
rior or semi- inferior, 1- locular and contains a 
small, central ovarian papilla (mamelon) bear-
ing two extremely reduced ovules without 
clearly defi ned nucellus and integument and 
almost completely reduced to only a female 
gametophyte. Female gametophyte bisporic of 
Allium-type. Fruits 1-seeded berries. Seeds 
extremely slippery on account of large amount 
of associated viscin  concentrated at its radicular 
pole; embryo rather large, with two cotyledons 
or (Lepidoceras peruvianum) undifferentiated 
and without cotyledons; endosperm green or 
white (absent in Lepidoceras), n = 10, 13.
  . . . . . . . . . . . . . . . . . . .10. eremolepidaceae.

1. OLACACEAE

A. L. de Jussieu ex R. Brown 1818 (including 
Cathedraceae van Tieghem 1900, Coulaceae van 
Tieghem 1900, Erythropalaceae Planchon ex Miquel 
1856, Harmandiaceae van Tieghem 1900, Heisteriaceae 
van Tieghem 1900, Schoepfi aceae van Tieghem 1900, 
Strombosiaceae van Tieghem 1900, Tetrastylidiaceae 
van Tieghem 1900, Ximeniaceae Horaninow 1834). 
25/200–250. Widespread in tropical and subtropical 
regions.

1.1 ANACOLOSOIDEAE
Ovules with one or two integuments, rarely (Ximenia 
americana) without integuments, anatropous, with 
dorsal raphe; micropyle facing upward. Calyx often 
enlarged with ripening of fruit. Ovary superior. – 
 couleae: Coula, Maburea, Minquartia, Ochano stachys; 
heisterieae: Heisteria, Chaunochiton; ximenieae: 
Ximenia; anacoloseae: Scorodocarpus, Engomegoma, 
Phanerodiscus, Brachynema, Diogoa, Tetrastylidium, 
Cathedra, Anacolosa, Strombosia, Strombosiopsis.

1.2 ERYTHROPALOIDEAE
Ovules with one integument, anatropous, with dorsal 
raphe. Calyx not enlarged. Ovary embedded in nectary 
disc. – Erythropalum.

1.3 OLACOIDEAE
Ovules without integument, anatropous, with dorsal 
raphe; micropyle facing upwards. Calyx more or less 
enlarged. – Curupira, Ptychopetalum, Douradoa, 
Olax, Dulacia, Malania.

1.4 SCHOEPFIOIDEAE
Ovules with one integument, with dorsal raphe. Calyx 
inconspicuous, not enlarged. Ovary embedded in 
nectary disc. Corolla sympetalous. – Schoepfi a.

2. OPILIACEAE

Valeton 1886 (including Cansjeraceae J.G.Agardh 
1858). 10/36–72. Widespread in tropical and subtropi-
cal regions, especially in Asia; Agonandra (10) the 
only American genus.

opilieae: Lepionurus, Cansjera, Melientha, 
Champereia, Opilia, Urobotrya, Rhopalopilia, 
Pentarhopalopilia, Gjellerupia; agonandreae: 
Agonandra.

Very close to the Olacaceae. According to Baas 
et al. (1982), Opiliaceae might be considered a direct 
derivative from Olacaceae through Ximenia.

3. APTANDRACEAE

Miers 1853. 3/6. Southeast Asia (Harmandia), tropical 
Africa (Ongokea and Aptandra zenkeri), and tropical 
South America (three other species of Aptandra).
Aptandra, Ongokea, Harmandia.

Very close to Olacaceae.
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4. OCTOKNEMACEAE

Solereder 1908. 2/6. Tropical Africa.
Octoknema, Okoubaka.
Very close to Olacaceae.

5. MEDUSANDRACEAE

Brenan 1952. 1/2. Equatorial West Africa.
Medusandra.
Close to Olacaceae and especially to 

Octoknemaceae.

6. SANTALACEAE

R. Brown 1810 (including Anthobolaceae Dumortier 
1829, Arjonaceae van Tieghem 1898, Canopodaceae 
K. Presl 1851, Osyridaceae Rafi nesque 1820, 
Thesiaceae Vest 1818). 37/450. Widely distributed, but 
mostly tropical and subtropical regions; best developed 
in relatively dry areas.

santaleae: Choretrum, Spirogardnera, Leptomeria, 
Phacellaria, Dufrenoya, Scleropyrum, Jodina, 
Cervantesia, Buckleya, Omphacomeria, Pyrularia, 
Osyris, Geocaulon, Comandra, Cladomyza, Nanodea, 
Myoschilos, Acanthosyris, Santalum, Rhoiacarpos, 
Amphorogyne, Daenikera, Colpoon, Dendromyza, 
Elaphanthera, Mida, Dendrotrophe, Kunkeliella, 
Nestronia; thesieae: Osyridocarpos, Thesidium, 
Thesium, Austroamericium, Arjona, Quinchamalium; 
anthoboleae: Anthobolus, Exocarpos.

Close to the Olacaceae and originated from them 
(Hallier 1912; Fagerlind 1948; Agarwal 1963; Kuijt 
1968, 1969).

7. MISODENDRACEAE

J. Agardh 1858. 1/11. Cool-temperate South America 
from the Strait of Magellan north to about 33° south-
ern latitude.

Misodendrum.
Close to the Santalaceae, especially to South 

American genera Arjona and Quinchomalium 
(Skottsberg 1935), but differ in the absence of the peri-
anth of the male fl owers, and the absence of petals in 
female fl owers, and male fl owers with monothecous 
anthers and a rudimentary testa in the seed, and 

 probably originated from them (Hallier 1912). Kuijt 
(1968, 1969) derives Misodendraceae from Olacaceae. 
According to Carlquist (1985), wood anatomy of 
Misodendraceae is similar to that of Psittacanthus and 
other Loranthaceae, disregarding the unique features 
found in Misodendrum.

8. LORANTHACEAE

A. L. de Jussieu 1808 (including Dendrophthoaceae 
van Tieghem 1898, Elytranthaceae van Tieghem 1898, 
Gaiadendraceae van Tieghem 1898, Nuytsiaceae van 
Tieghem 1898, Psittacanthaceae Nakai 1952). 
75/c.1000. Mostly in tropical and subtropical regions, 
especially in Southern Hemisphere.

nuytsieae: Nuytsia; lorantheae: Gaiadendron, 
Panamanthus, Atkinsonia, Desmaria, Amylotheca, 
Decaisnina, Lampas, Lepeostegeres, Thaumasianthes, 
Cyne, Loxanthera, Peraxilla, Alepis, Lysiana, Trilepidea, 
Macrosolen, Elytranthe, Lepidaria, Loranthus, 
Helicanthera, Moquiniella, Tristerix, Dactyliophora, 
Amyema, Psittacanthus, Amyema, Ileostylus, 
Dendropthoe, Baratranthus, Scurulla, Emelianthe, 
Pedistylis, Plicosepalus, Oncella, Kingella, Trithecanthera, 
Trithecanthera, Taxillus, Vanwykia, Pedistylis, Oliverella, 
Oncocalyx, Phragmanthera, Septulina, Tapinanthus, 
Agelanthus, Globimetula, Struthanthus, Benthamina, 
Erianthemum, Tolypanthus, Papuanthes, Diplatia, 
Distrianthes, Tetradyas, Bakerella, Helicanthes, 
Sogerianthe, Englerina, Tupeia, Notanthera, Tripod-
anthus, Muellerina, Psittacanthus, Oryctanthus, 
Cladocolea, Oryctina, Phthirusa, Dendropemon, 
Aetanthus, Ligaria, Actinanthella, Berhautia, Cecarria, 
Ixocactus, Socratina, Spragueanella.

Probably derived directly from the Olacaceae 
(Hallier 1912), possibly from Chaunochiton-like 
ancestor (Kuijt 1968, 1969). According to Kuijt, 
Loranthaceae, contrary to tradition, cannot have 
evolved from Santalaceae (“The fl ower of 
Loranthaceae is dichlamydous and can scarcely 
have a monochlamydous ancestor in Santalaceae.” 
[1969: 80]).

9. VISCACEAE

Batsch 1802 (including Arceuthobiaceae van Tieghem 
1897, Bifariaceae Nakai 1952, Ginalloaceae van 
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Tieghem 1899, Phoradendraceae H. Karsten 1860). 
7/450. Very widely distributed, but mostly in tropical 
and subtropical regions; all genera except Arceuthobium 
occur either in the Old or the New World; Arceuthobium 
is restricted to the Northern Hemisphere.

phoradendreae: Phoradendron, Dendrophthora, 
Korthalsella, Ginalloa; arceuthobieae: Arceuthobium; 
visceae: Notothixos, Viscum.

Closely allied to the Loranthaceae. According to 
Kuijt (1968, 1969), Viscaceae may be traceable to 
Santalaceae plants similar to present-day epiphytic 
parasites such as Phacellaria.

10. EREMOLEPIDACEAE

Nakai 1952 (including Lepidocerataceae Nakai 
1952). 3/12. From Isia Chiloe (Chile) north along the 
Andes and the lower, eastern areas of South America 
to Venezuela and Colombia; only Antidaphne vis-
coldea reaches through Central America as far as 
Chiapas (Mexico); Eubrachion and Antidaphne 
wrightii are represented on both Hispaniola and 
Puerto Rico; the former also occurs on Jamaica, the 
latter in eastern Cuba.

Antidaphne (including Eremolepis), Eubrachion, 
Lepidoceras.

Kuijt (1988) recognizes the distinct possibility of 
an early separation of Eremolepidaceae from a prelo-
ranthaceous stock. The affi nities to Loranthaceae have 
also been stated by various authors, including Bhandari 
and Vohra (1983), who mention the striking similari-
ties between the epicortical roots and secondary haus-
toria of the more primitive eremolepidaceous genus 
Antidaphne and the loranthacous genus Notanthera.

Bibliography

Agarwal S. 1963. Morphological and embryological studies in 
the family Olacaceae: I. Olax L. II. Strombosia Blume. 
Phytomorphology 13: 185–196, 348–356.

Baas P, E van Oosterhoud, and JL Scholtes. 1982. Leaf anatomy 
and classifi cation of the Olacaceae, Oc-toknema, and 
Erythropalum. Allertonia 3: 155–210.

Barlow BA. 1964. Classifi cation of the Loranthaceae and 
Viscaceae. Proc. Linn. Soc. N. S. W., 2nd ser., 89: 268–272.

Barlow BA. 1983. Biogeography of Loranthaceae and Viscaceae. 
In: M Calder and P Bernhardt, eds. The biology of mistle-
toes, pp. 19–46. Academic Press, Sydney.

Barlow BA. 1997. Loranthaceae. In: C Kalkman et al., eds. Flora 
Malesiana ser. 1, 13: 209–401. Leiden.

Barlow BA and D Wiens. 1971. The cytogeography of the loran-
thaceous mistletoes. Taxon 20: 291–312.

Bhandari NN and K Indira. 1969. Studies in the Viscaceae: IV. 
Embryology of Eubrachion (Hook. et Am.) Engl. Bot. Not. 
122: 183–203.

Bhandari NN and SCA Vohra. 1983. Embryology and affi nities 
of Viscaceae. In: M Calder and P Bernhardt, eds. The biol-
ogy of mistletoes, pp. 69–86. Academic Press, New York.

Bhatnagar SP. 1960. Morphological and embryological studies 
in the family Santalaceae: IV. Mida salicifolia A. Cunn. 
Phytomorphology 10: 198–207.

Bhatnagar SP and S Agarwal. 1961. Morphological and embry-
ological studies in the family Santalaceae: VI. Thesium. 
Phytomorphology 11: 273–282.

Bhatnagar SP and PC Joshi. 1965. Morphological and embryo-
logical studies in the family Santalaceae: VII. Exocarpus 
bidwellii Hook. f. Proc. Natl. Inst. Sci. India 31B: 34–44.

Bhandari NN and SCA Vohra. 1983. Embryology and affi nities 
of Viscaceae. In: M Calder and P Bernhardt, eds. The biol-
ogy of mistletoes, pp. 69–86. Academic Press, Sydney.

Brenan JPM. 1952. Plants of the Cambridge Expedition, 1947–
1948: II. A new order of fl owering plants from the British 
Cameroons. Kew Bull. 1952: 227–236.

Calvin CL and CA Wilson. 1998. Comparative morphology of 
haustoria within African Loranthaceae. In: R Polhill and 
D Wiens, eds. Mistletoes of Africa, pp. 17–36. Royal Botanic 
Gardens, Kew.

Calvin CL and CA Wilson. 2006. Comparative morphology of 
epicortical roots in Old and New World Loranthaceae with 
reference to root types, origin, growth, patterns of longitudinal 
extension and potential for clonal growth. Flora 201: 51–64.

Carlquist S. 1985. Wood and stem anatomy of Misodendraceae: 
Systematic and ecological conclusions. Brittonia 37: 58–75.

Cocucci AE. 1983. New evidence from embryology in angio-
sperm classifi cation. Nord. J. Bot. 3: 67–73.

Cohen LI. 1968. Development of the staminate fl ower in the 
dwarf mistletoe, Arceuthobium. Am. J. Bot. 55: 187–193.

Cohen LI. 1970. The development of the pistillate fl ower in the 
dwarf mistletoe, Arceuthobium. Am. J. Bot. 57: 477–485.

Davis CC, WR Anderson, and KJ Wurdack. 2005. Gene transfer 
from a parasitic fl owering plant to a fern. Proc. Roy. Soc. 
London B, 272: 2237–2242.

Der J and D Nickrent. 2005. Molecular systematics of Santalaceae: 
Phylogeny and classifi cation of a paraphyletic family of 
hemiparasitic plants. In: Botany 2005. Learning from plants, 
pp. 110. Abstracts, pp. 110: Botanical Society of America.

Dixit SN. 1958, 1961. Morphological and embryological studies of 
the family Loranthaceae: IV. Amyema Van Tiegh. V. Lepeostegeres 
gemmifl orus (Bl.) Bl. VIII. Tolypantus Bl. Phytomorphology 8: 
346–364, 365–376, 1958; 11: 335–345, 1961.

Fagerlind F. 1947. Gynoceummorphologische und embryologis-
che Studien in der Familie Olacaceae. Bot. Not. 1947: 
207–230.

Fagerlind F. 1948. Beiträge zur Kenntnis der 
Gynoceummorphologie und Phylogenie der Santalales-
Familien. Svensk Bot. Tidskr. 42: 195–229.

Fagerlind F. 1959. Development and structure of the fl ower and 
gametophytes in the genus Exocarpus. Svensk. Bot. Tidskr. 
53: 257–282.



424 Subclass VI. ROSIDAE

Feuer S. 1981. Pollen morphology and relationships of 
Misodendraceae (Santalales). Nord. J. Bot. 1: 731–734.

Feuer S and J Kuijt. 1978. Fine structure of mistletoe pollen: 
I. Eremolepidaceae, Lepidoceras, and Tufi eia. Canad. J. Bot. 
56: 2853–2864.

Fineran B.A. 1991. Root hemi-parasitism in the Santalales. Bot. 
Jahrb. Syst. 113: 277–308.

Haron NW and ST Ping. 1997. Distribution and taxonomic sig-
nifi cance of fl avonoids in the Olacaceae and Icacinaceae. 
Biochem. Syst. Ecol. 25: 265–263.

Hiepko P. 1979. A revision of Opiliaceae: I. Genera of the east-
ern Old World, excluding Opilia. Willdenowia 9: 13–56.

Hiepko P. 1982. A revision of Opiliaceae: II. Opilia Roxb. 
Willdenowia 12: 161–182.

Hiepko P. 1984. Opiliaceae. In: CCGJ van Steenis, ed. Flora 
Malesiana, ser.1, 10: 31–52. Nijhoff, The Hague.

Hiepko P. 1985. A revision of Opiliaceae: III. Urobotrya Stapf. 
Bot. Jahrb. Syst. 107: 137–152.

Hiepko P. 1987. A revision of Opiliaceae: IV. Rhopalopilia 
Pierre and Pentarhopalopilia (Engler) Hiepko gen. nov. Bot. 
Jahrb. Syst. 108: 271–291.

Hiepko P. 2000. Opiliaceae. Flora Neotropica Monograph 82. 
New York.

Johri BM, JS Agrawal, and S Garg. 1957. Morphological and 
embryological studies in the family Loranthaceae: 
I. Helicanthes elastica (Desr.) Dans. Phytomorphology 
7: 336–354.

Johri BM and SP Bhatnagar. 1960. Embryology and taxonomy 
of the Santalales. Proc. Natl. Inst. Sci. India, Suppl., 26B: 
199–220.

Johri BM and B Raj. 1969. Morphological and embryological 
studies in the family Loranthaceae: XII. Moquiniella rubra 
(Spreng. f.) Balle. Oesterr. Bot. Z. 16: 475–485.

Johri BM and S Agarwal. 1965. Morphological and embryologi-
cal studies in the family Santalaceae: VIII. Quinchamalium 
chilense Lam. Phytomorphology 15: 360–372.

Johri BM and SP Bhatnagar. 1960. Embryology and taxonomy 
of the Santalales. Proc. Nad. Inst. Sci. India, Suppl., 26B: 
199–220.

Jones BL and CC Gordon. 1965. Embryology and development 
of the endosperm haustorium of Arceuthobium douglasii. 
Am. J. Bot. 52: 127–132.

Joshi PC. 1960. Morphological and embryological studies in the 
family Santalaceae: V. Osyris wightiana Wall. 
Phytomorphology 10: 239–248.

Koek-Noorman J and P van Rijckevorsel. 1983. Wood and leaf 
anatomy of Opiliaceae. Wildenowia 13: 147–174.

Kuijt J. 1968. Mutual affi nities of Santalean families. Brittonia 
20: 136–147.

Kuijt J. 1969. The biology of parasitic fl owering plants. 
University of California Press, Berkeley.

Kuijt J. 1977. Haustoria of phanerogamic parasites. Ann. Rev. 
Phytopathol. 17: 91–118.

Kuijt J. 1979. Host selection by parasitic angiosperm. Symb. 
Bot. Upsali 22: 194–199.

Kuijt J. 1981. Infl orescence morphology of Loranthaceae: An 
evolutionary synthesis. Blumea 27: 1–73.

Kuijt J. 1982a. The Viscaceae of the southeastern United States. 
J. Arnold Arbor. 63: 401–410.

Kuijt J. 1982b. Seedling morphology and its systematics signifi -
cance in Loranthaceae of the World with supplementary 

comments on Eremolepidaceae. Bot. Jahrb. Syst. 103: 
305–342.

Kuijt J. 1985. Morphology, biology, and systematic relationships 
of Deimaria (Loranthaceae). Plant Syst. Evol. 151: 121–130.

Kuijt J. 1988. Monograph of the Eremolepidaceae. Syst. Bot. 
Monograph 18: 1–60.

Kuijt J. 1991. Panamanthus: A new monotypic genus of 
Neotropical Loranthaceae. Ann. Missouri Bot. Gard. 78: 
172–176.

Kuijt J and D Lye. 2005. A preliminary survey of foliar scleren-
chyma in neotropical Loranthaceae. Blumea 50: 323–355.

Ling Y-R. 1982. A revision and addition of Olacaceae from 
China and a primitive discussion for the taxonomy and fl oris-
tics of the family. Bull. Bot. Res. 2: 7–36.

Lobreau-Callen D. 1980. Caractéres comparés du pollen des 
Icacinaceae et des Olacaceae. Adansonia 20: 29–89.

Lobreau-Callen D. 1982. Structures et affi nites polliniques des 
Cardiopterydaceae, Dipentodontaceae, Erythropalaceae, et 
Octoknemataceae. Bot. Jahrb. Syst. 103: 371–412.

Maheshwari P, BM Johri, and SN Dixit. 1957. The fl oral 
 morphology and embryology of the Loranthoideae 
(Loranthaceae). J. Madras Univ. 27B: 121–136.

Malécot V. 2002. Histoire, classifi cation et phylogénie des 
Olacaceae Brown (Santalales). Thèse de Doctorat de 
l’Université Paris 6.

Malécot V, DL Nickrent, P Baas, L van den Oever, and 
D Lobreau-Callen. 2004. A morphological cladistic analysis 
of Olacaceae. Syst. Bot. 29: 569–586.

Metcalfe CR. 1952. Medusandra richardsiana Brenan; Anatomy 
of the leaf, stem, and wood. Kew Bull. 1952: 237–244.

Narayana R. 1958. Morphological and embryological studies in 
the family Loranthaceae: II. Lysiana exocarpi (Behr.) van 
Tieghem. III. Nuytsia fi oribunda (Labill.) R. Br. 
Phytomorphology 8: 146–169, 306–323.

Nickrent DL. 1998-onwards. The parasitic plant connection. 
http://www.science.siu.edu/parasitic-plants/

Nickrent DL and RJ Duff. 1996. Molecular studies of parasitic 
plants using ribosomal RNA. In: MT Moreno, JI Cubero, 
D Berner, D Joel, LJ Musselman., and C Parker, eds. Adv. 
Parasitic Plant Res., pp. 28–52. Cordoba, Spain.

Nickrent DL and CR Franchina. 1990. Phylogenetic relation-
ships of the Santalales and relatives. J. Molec. Evol. 31: 
294–301.

Nickrent DL and V Malécot. 2001. A molecular phylogeny of 
the Santalales. In: A Fer, P Thalouarn, DM Joel, 
LJ Musselman, C Parker and IAC Verkleij, eds. 7th Intern. 
parasitic weed symp., pp. 69–74. Nantes.

Norverto CA. 1993. Wood anatomy and relationships of 
Santalaceae. I. Acanthosyris, Jodina, and Myoschilos. Aliso 
13: 499–511.

Nyananyo BL. 1987. Systematic survey of the leaf epidermis in 
the Medusandraceae (Rosidae). Feddes Repert. 98(11–12): 
595–598.

Paliwal RL. 1956. Morphological and embryological studies in 
some Santalaceae. Agra Univ. J. Res. Sci. 5: 193–284.

Piehl MA. 1965. The natural history and taxonomy of Comandra 
(Santalaceae). Mem. Torrey Bot. Club 22: 1–97.

Ping ST. 1997. Root hemi-parasitism in Malayan Olacaceae. 
Garde. Bull. Singapore 49: 7–13.

Prakash S. 1960, 1963. Morphological and embryological 
studies in the family Loranthaceae: VI. Peraxilla tetrapetala 



Superorder BALANOPHORANAE 425

(Linn. f.) Van Tiegh. X. Barathranthus axanthus (Korth.) 
Miq. Phytomorphology 10: 224–234, 1960; 13: 97–103, 
1963.

Ram M. 1957, 1959. Morphological and embryological studies 
in the family Santalaceae: I. Comandra umbellata (L.) Nutt. 
II. Exocarpus with a discussion on its systematic position. 
III. Leptomeria R. Br. Phytomorphology 7: 24–35, 1957; 9: 
4–19, 20–33, 1959.

Rao LN. 1942. Studies in the Santalaceae. Ann. Bot. 6: 
151–175.

Record SJ. 1938. The American woods of the orders Celastrales, 
Olacales, and Santalales. Trop. Woods 53: 11–38.

Reed C. 1955. The comparative morphology of the Ola-caceae, 
Opiliaceae, and Octoknemaceae. Mem. Soc. Brot. 10: 29–79.

Ross CM and MJ Sumner. 2004. Development of the unfertil-
ized embryo sac and pollen tubes in the dwarf mistletoe 
Arceuthobium americanum (Viscaceae). Canad. J. Bot. 82: 
1566–1575.

Ross CM and MJ Sumner. 2005. Early endosperm and embryo 
development of the dwarf mistletoe Arceuthobium america-
num (Viscaceae). Int. J. Plant Sci. 166: 901–907.

Schaeppi H and F Steindl. 1942. Blütenmorphologische und 
embryologische Untersuchungen an Loranthoideen. 
Vierteljahrsschr. Naturf. Ges. Zurich 87: 301–372.

Schaeppi H and F Steindl. 1945. Blütenmorphologische und 
embryologische Untersuchungen an einigen Viscoideen. 
Vierteljahrsschr. Naturf. Ges. Zurich 90 (I): 1–46.

Shamrov II, GM Anisimova, TB Batygina, G Lakshmi Sita. 
2001. The types and morphological evolution of the ovule in 
the order Santalales. Bot. Zhurn. 85 (7): 1–14 (in Russian 
with English summary).

Singh V and G Ratnakar. 1974. Contribution to the fl oral anat-
omy of the Loranthaceae: I. Subfamily Loranthoideae. J. 
Indian Bot. Soc. 53: 162–169.

Skottsberg C. 1913. Morphologische und embryologische 
Studien über die Myzodendraceae. Kgl. Svensk Vetes.-
kapsakad. Handl. Bd. 51: 34–46.

Sleumer HO. 1984. Olacaceae. In: CGGJ van Steenis, ed. Flora 
Malesiana ser. 1, 10(1): 1–29. Noordhoff, Groningen.

Smith FH and EC Smith. 1943. Floral anatomy of the Santalaceae 
and some related forms. Oregon State Monogr. Stud. Bot. 5.

Stauffer HU. 1959. Santalales-Studien: IV. Revisio 
Anthobolearum, morphologische Studie mit Einschluss der 
Geographic, Phylogenie, und Taxonomie. Mitt.Bot. Mus. 
Univ. Zurich 213: 1–260.

Stauffer HU. 1961. Santalales-Studien: VIII. Zur Morphologic 
und Taxonomie des Olacaceae, Tribus Coulea. 
Vierteljahrsschr. Naturf. Ges. Zurich 106: 412–418.

Swamy BGL. 1949. The comparative morphology of the 
Santalaceae: Node, secondary xylem, and pollen. Am. J. Bot. 
36: 661–673.

Tamamshian SG. 1958. Santalales in the system of 
Spermatophyta. Problems Bot. (Moscow-Leningrad) 3: 
67–97 (in Russian).

Van den Oever L. 1984. Comparative wood anatomy of the 
Olacaceae. In: S Sudo, ed. Proceed. Pacifi c Regional Wood 
Anatomy Conference, pp. 177–178.

Van den Oever L. 1990. Phylogenetic wood anatomy of the 
Olacaceae and related families. IAWA Bull., N.S. 11: 133.

Venkata Rao C. 1963. On the morphology of the calycu-lus. 
J. Indian Bot. Soc. 42: 618–628.

Vidal-Russell R and D Nickrent. 2005. A molecular phylogeny 
of the mistletoe family Loranthaceae. In Annual Meeting of 
the Botanical Society of America 2005, p. 101. Austin, 
Texas.

Wiens D and BA Barlow. 1971. The cytogeography and relation-
ships of the viscaceous and eremolepidaceous mistletoes. 
Taxon 20: 313–332.

Wilson CA and CL Calvin. 2003. Development, taxonomic sig-
nifi cance and ecological role of the cuticular epithelium in 
the Santalales. IAWA J. 24: 129–138.

Wilson CA and CL Calvin. 2006a. Character divergences and 
convergences in canopy-dwelling Loranthaceae. Bot. J. Linn. 
Soc. 150: 101–113.

Wilson CA and CL Calvin. 2006b. An origin of aerial branch 
parasitism in the mistletoe family, Loranthaceae. Am. J. Bot. 
93: 787–796.

Wulff AF. 1991. Los cromosomas de Misodendron punctulatum 
(Misodendraceae). Darwiniana. 30(1–4): 297–298.

Yakovleva OV. 2000. Olacaceae, Opiliaceae, Octoknemaceae, 
Medusandraceae, Santalaceae, Misodendraceae, 
Loranthaceae, Viscaceae, Eremolepidaceae. In: A Takhtajan, 
ed. Comparative seed anatomy, vol. 6, pp. 143–182. Nauka, 
St. Petersburg (in Russian).

Yoshida O and H Kawaguchi. 1971. Embryology of Korthalsella 
japonica (Thunb.) Engler. J. Coil. Arts Chiba Univ. 4B: 
37–47.

Zheng XF and YL Ding. 2001. Morphological features of 
Phacellaria rigidula Benth. J. Nanjing Forest Univ. 25(5): 
33–36.

Superorder BALANOPHORANAE

Order 103. CYNOMORIALES

Terrestrial reddish-brown parasitic herbs with 
branched, thick, fl eshy, underground rhizome. Stem 
simple, fl eshy, bearing numerous, alternate, deltoid, 
scalelike leaves. Haustorial contacts are made by 
means of numerous small lateral roots on the rhizome 
and even with the base of the fl owering stem, which 
fuses with the host root. Food reserve is starch. Vascular 
system reduced. Stomata vestigial, anomocytic. 
Flowers minute, numerous, on short peduncles, inter-
spersed with the scalelike leaves in terminal clavate or 
cylindrical infl orescence with fl eshy axis, polygamous, 
apetalous, entomophilous. Calyx of (1)4–5 (rarely 
6–8) strap-shaped, linear-spatulate sepals, free or con-
nate at the base. Stamen single, at the base adnate to 
the perianth; anthers dorsifi xed, versatile, tetrasporan-
giate, introrse, opening longitudinally. Tapetum secre-
tory. Microsporogenesis simultaneous. Pollen grains 
2-celled, 3-colporate, reticulate. Male fl owers with 
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1–2 bright yellow nectaries-pistillodia. Gynoecium 
monocarpellate (Terekhin and Nikiticheva 1976), with 
a thick and long stylodium, which forms a long canal 
lined with conducting tissue and has a conduplicate 
upper part; ovary inferior, unilocular. with 1 pendu-
lous, submarginal ovule. Ovule pendulous, submar-
ginal, orthohemitropous, unitegmic with thick 
integument, almost crassinucellate. Female gameto-
phyte of Polygonum-type. Endosperm cellular. Fruits 
1-seeded berries (Doweld 2000). Seeds with copious 
endosperm and minute, lentiform, undifferentiated 
embryo; seed coat of four or fi ve layered; cells of 
exotesta covered with thick layer of cuticule (Doweld 
2000), n = 12, size strongly bimodal.

Usually included in the Balanophorales, but differ 
from them markedly in monocarpellate gynoecium 
with conduplicate stylodium and defi ned ovarian cav-
ity, not reduced ovule, presence of stomata, pollen 
grains with reticulate ornamentation, and presence of 
bisexual fl owers.

1. CYNOMORIACEAE

Endlicher ex Lindley 1833. 1/2. From the Canary 
Islands, the Mediterranean coastal regions, from 
Morocco to Egypt and western Asia to Mongolia.

Cynomorium.
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Order 104. BALANOPHORALES

Terrestrial herbs with yellowish-white to yellow, 
orange to red, or brown colors parasiting roots of trees, 
shrubs, or rarely herbs. Attaching to the roots of the 
host by an often irregularly lobed or branched, some-
times more or less horizontal and elongated tuberous 
organ that ranges from several centimeters to the size 
of a human head. Vascular system very reduced, but 
sometimes contains vessels with simple or (?) scalari-
form perforations. Sieve-element plastids of S-type. 
Stems with or without leaves, unbranched. Leaves 
much reduced (but subterranean only), or absent. 
Leaves when present, membranous, scaly, usually 
 spiral, rarely opposite, decussate or distichous, very 
rarely verticillate (Balanophora involullata), without 
stomata. Infl orescences terminal, racemose, spicate or 
spadix-like; branches subtended by scaly caducous 
bracts, sometimes with sterile apical part peltately 
widened. Flowers usually very small (those of some 
genera among the smallest in fl owering plants), numer-
ous or very numerous, unisexual (monoecious or 
 dioecious), apetalous and frequently without calyx, 
entomophilous. Male fl owers often with 2(3) (4–8) 
free or basally connate, valvate sepals. Stamens usu-
ally 3–4 or more opposite to the sepals or less often 
only 1–2 stamens (1 stamen in Dactylanthus and 
2  stamens in Mystropetalon and Lophophytoideae), 
free and with tetrasporangiate anthers or more or less 
united into a synandrium; synandria opening irregu-
larly; anthers extrorse, usually connate, opening longi-
tudinally or (Balanophora subgenus Balania) 
 transversally. Tapetum secretory. Microsporogenesis 
simultaneous (successive – Corynaea?). Pollen grains 
2-celled or 3-celled (Mistropetaloideae, Helosidoideae), 
3- colpate, rugate, 3–6-colporate, 3–5-porate or 
 3(7–8)-pororate or rarely inaperturate (Balanophora 
subgenus Balania), smooth or variously sculptured. 
Female fl owers commonly with the calyx tube com-
pletely fused with the ovary wall, or the calyx appar-
ently absent, but in Mystropetalon there is still 3-lobed 
upper free part of the calyx, which in some other 
 genera is 2-lobed or irregularly lobed or reduced to an 
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 inconspicuous, lobed rim or represented by a few cells 
at the top of the ovary. Gynoecium of three or two 
completely fused carpels with more or less distinct 
stylodia (Helosidoideae and Lophophytoideae), stylo-
dia united into a 1–3-lobed style (Mystropetaloideae, 
Dactylanthoideae, and Balanophoroideae) or stigma 
sessile (Sarcophytoideae). Ovary superior to inferior, 
1–3-locular (Mystropetalon) or more often unilocular, 
with one ovule per locule, which is sometimes erect 
on the fl oor of the cavity or more commonly suspended 
from the roof by a stalklike cell or (Langsdorffi a and 
Thonningia) completely united with the wall of the 
ovary. Ovules ategmic, with reduced nucellus, usually 
little more than a female gametophyte. In Balanophora 
even the placenta is completely reduced. Female 
gametophyte bisporic of Allium-type or monosporic of 
Polygonum-type. Endosperm cellular, with large cha-
lazal haustorium. Fruits 1-seeded, indehiscent, often 
very tiny, nutlets or drupelets, in Mystropetalon 
 surrounded by the swollen calyx tube and with dis-
clike, whitish elaiosome (modifi ed pedicel) at the 
base. Seeds with a minute, undifferentiated embryo 
 surrounded by copious endosperm; cotyledons lack-
ing; testa probably always absent. Contain starch or a 
waxy resinous substance, balanophorin (Langsdorffi a 
and Balanophora). n = 14, 16, 18.

Both Cynomoreales and Balanophorales are proba-
bly related to the Santalales.

1. BALANOPHORACEAE

A. Richard 1822 (including Dactylanthaceae Takhtajan, 
1987, Hachetteaceae Doweld 2001, Helosidaceae 
Bromhead 1840, Langsdorffi aceae van Tieghem ex 
Pilger et K. Krause 1914, Lophophytaceae Bromhead 
1840, Mystropetalaceae J. D. Hooker 1853, 
Sarcophytaceae A. Kerner 1891, Scybaliaceae 
A. Kerner 1891). 16/50. Tropical and South 
(Mystropetalon) Africa, Madagascar, Comoros, 
Tropical Asia, Malesia, Pacifi c Islands, tropical 
Australia, New Caledonia (Hachettea), New Zealand 
(Dactylanthus), Tropical America.

1.1 MYSTROPETALOIDEAE
Cells with abundant deposits of reddish-brown 
 substance (mystrin) present in leaves, superfi cial  layers 
of the cortex of axis, interspersed among the vascular 
tissue and present also in bracts, fl owers, and fruits. 

Calyx of the male fl owers 3-merous and zygomorphic, 
gamosepalous. Stamens two, fi laments adnate to lower, 
narrow part of the adaxial sepals. Calyx of the female 
fl owers extremely small, cuplike, slightly zygomor-
phic. Ovary inferior, completely adnate to the calyx 
tube, 3-merous, basally encircled by an irregularly 
 crenate disc; from the base of the calyx cup arises the 
relatively long fi liform style, which ends in a papillate, 
more or less clearly 3-lobed capitate stigma. Ovules 
three, pendulous. – Mystropetalon.

1.2 DACTYLANTHOIDEAE
Male fl owers with or without petals. Stamens 1–2, free 
or united. Female fl owers with a small tubular, 3-lobed 
calyx or with 2 fi liform sepals. Stylodia united into a 
style. Pollen grains pantoporate. Seed coat lacking. – 
Hachettea, Dactylanthus.

1.3 SARCOPHYTOIDEAE
Infl orescence conspicuously branched, paniculate, 
with fl eshy axis, bracteate (Sarcophyte) or 
(Chlamydophytum) ebracteate or minutely bracteate. 
Stamens 3–4 or 7–10, free. Pollen grains 3-porate. 
Stigma sessile. Ovary with 3–1 ovules. – Sarcophyte, 
Chlamydophytum.

1.4 SCYBALIOIDEAE
Stem with triangular, scaly leaves. Infl orescence when 
young covered by triangular, imbricate bracts. Pollen 
grains mostly 2-celled, pantoporate. – Scybalium.

1.5 HELOSIDOIDEAE
Stem without scaly leaves. Infl orescence when young 
covered by hexagonal, marginally coherent peltate 
bracts. Pollen grains 3-celled, 3-colpate. – Helosis 
(including Latraeophila and Exorhopala), Corynaea, 
Ditepalanthus, Rhopalocnemis.

1.6 LOPHOPHYTOIDEAE
Both female and male fl owers mostly naked.

Stylodia distinct, 2. Pollen grains 3-colporate. 
Flowers in clavate  panicles, not immersed in a layer of 
chaffy hairs. – Lophophytum, Lathrophytum, 
Ombrophytum (including Juelia).

1.7 LANGSDORFFOIDEAE
Female fl owers with tubular irregularly lobed or 
 dentate calyx. The ovule is completely united with the 



428 Subclass VI. ROSIDAE

wall of the ovary. The stigmatoid tissue of the style is 
conspicuously enveloped. – Langsdorffi a, Thonningia.

1.8 BALANOPHOROIDEAE
Female fl owers without calyx. The ovule is pendulous 
in the cavity of the ovary. The stigmatic tissue is not 
morphologically distinguished from the rest of the 
style. – Balanophora (including Balania?).
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Superorder RHAMNANAE

Order 105. RHAMNALES

Trees and shrubs, rarely woody climbers, or subshrubs, 
very seldom herbs. Branches, leaves and fl owers often 
covered with simple (mostly), stellate or peltate 
trichomes. Vessels mostly with simple perforations, 
rarely scalariform to reticulate; lateral pitting alternate. 
Fibers with simple or bordered pits. Rays from mark-
edly heterogeneous to homogeneous. Axial paren-
chyma predominantly paratracheal in most species, 
predominantly apotracheal, sometimes very scanty. 
Sieve-element plastids of S-type. Nodes unilacunar or 
trilacunar. Leaves alternate or opposite, simple, 
 pinnately veined or with several main veins from the 
base, with small stipules or estipulate. Stomata mostly 

 anomocytic, less often paracytic or anisocytic. Flowers 
in various kinds of terminal or axillary infl orescences, 
sometimes solitary, bisexual or rarely unisexual (plants 
dioecious), actinomorphic, 5–6-merous or more rarely 
3–4-merous, sometimes apetalous. Sepals 5–6, or 3–4, 
usually basally connate, valvate, deciduous or seldom 
persistent. Petals 3–6, rarely 8, often inserted on the 
calyx tube, sometimes wanting (Elaeagnaceae). 
Stamens 4–9(-12), free, alternisepalous; fi laments thin 
or very short (Barbeyaceae and Elaeagnaceae), free or 
adnate to petals; anthers generally 2-locular, basifi xed 
or dorsifi xed, introrse, latrorse or extrorse, tetrasporan-
giate, opening longitudinally. Tapetum secretory. 
Microsporogenesis simultaneous. Pollen grains 
2-celled or 3-celled, usually 3-colporate, often more or 
less triangular. Nectary disc usually well developed. 
Gynoecium of (1-)2–3(-5) united carpels, rarely 
(Dirachmaceae) carpels 8; style long with cylindrical, 
linear or capitate stigmas; ovary superior to inferior, 
1-locular or rarely 5–6(-8)-locular. Ovules solitary, 
rarely 2 (in Karwinskia), anatropous, with inwardly 
directed micropyle, bitegmic, crassinucellate. Female 
gametophyte of Polygonum- or Allium-type. Endosperm 
nuclear. Fruits drupaceous, dry, and indehiscent or 
eventually dehiscent, or separating into dehiscent 
or indehiscent mericarps, baccate, rarely samaroid, or 
capsular, or achenes. Seeds exotestal, arillate or more 
often exarillate; mesotesta with a few sclerotic cells, 
embryo usually straight, endosperm starchy, usually 
scanty, sometimes wanting. Usually producing glyco-
sides, often with various kinds of alkaloids, fl avonols, 
n = (6–8)10–14(23).

Probably related to the Celastrales, from which they 
are chiefl y distinguished by the antepetalous stamens. 
Both Rhamnales and Celastrales evidently had a com-
mon origin from a diplostemonous rosanean stock, the 
antepetalous or antesepalous cycles having aborted.

Key to Families
1 Flowers with developed nectaries. Alkaloids 

present.
2 Gynoecium of 2–3(-5) united carpels. Trees and 

shrubs, often lianoid (by aid of hooks in Ventilago, 
tendrils in Gouania, twining stems in Berchemia), 
or xerophytic (sometimes with fl attened, spiny, 
assimilatory stems and reduced leaves, such as 
Colletia armata), rarely (Crumenaria) subshrubs 
or even (Crumenaria decumbens) herbs. Tendrils 
climbering or scrambling. Hairs mostly simple, 
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stellate in Pomaderreae. Some members of the 
family, such as ssp. of Ceanothus and Colletia, 
contain nitrogen-fi xing actynomycets in the 
roots. Mucilage cells are common in the leaf and 
in the primary cortex of the axis, and mucilage 
cavities are sometimes present as well in the lat-
ter. Vessels mostly with simple perforations, 
rarely scalariform to reticulate; lateral pitting 
alternate. Fibers with simple pits. Rays from 
markedly heterogeneous to homogeneous. Axial 
parenchyma predominantly paratracheal in most 
species, predominantly apotracheal in a few spe-
cies. Nodes trilacunar. Leaves alternate or oppo-
site, simple, pinnately veined or with several 
main veins from the base, sometimes much 
reduced, with very small stipules (sometimes 
modifi ed into spines), wanting in most species of 
Phylica. Stomata mostly anomocytic, less often 
paracytic or anisocytic. Flowers mostly rather 
small, greenish, in various kinds of terminal or 
axillary infl orescences (sometimes reduced to a 
solitary fl ower), bisexual or rarely unisexual 
(plants dioecious), actinomorphic, hypanthium 
present, 5–6-merous or more rarely 4-merous, 
with more or less cuplike fl oral tube that is often 
circumscissile and deciduous above the middle. 
Calyx 5–4-lobed, lobes triangular, valvate and 
are individually deciduous or seldom persistent. 
Petals usually smaller than sepals and more or 
less concave or hooded, and holding anthers fre-
quently clawed at the base, rarely wanting. 
Stamens 5–4, free, alternisepalous; fi laments 
thin, adnate to base of petals; anthers minute, 
dorsifi xed, introrse, generally 2-locular. Pollen 
grains 2-celled usually 3-colporate, often more 
or less triangular. Nectary disc usually well 
developed, intrastaminal, usually adnate to the 
fl oral tube and sometimes to the ovary. Gynoecium 
of 2–3(-5) carpels, with a terminal lobed or often 
deeply cleft style; in 3-carpellate ovaries the 
sequence is usually fertile-sterile-fertile: one 
septum bears 2 ovules, the second – a single 
ovule, and the third is sterile (Medan and 
Schirarend 2004); ovary superior to inferior, or 
fully or imperfectly multilocular (rarely 
pseudomonomerous), with 1 (2 in Karwinskia) 
basal and erect ovule in each locule. Ovules with 
inwardly directed micropyle. Fruits drupaceous, 
dry, and indehiscent or eventually dehiscent, or 

separating into dehiscent or indehiscent meri-
carps, baccate, rarely samaroid or capsular. Seeds 
exotestal, sometimes with dorsal groove, arillate, 
sometimes with a large aril (Alphitonia) or more 
often exarillate; mesotesta with a few sclerotic 
cells, endotegmen of cuboid cells, with scalari-
form thickenings; embryo large, green, oily, usu-
ally straight, rarely (Reynosia) ruminate; 
endosperm starchy, usually rather scanty (rumi-
nate in Reynosia), sometimes wanting. Usually 
producing anthraquinone glycosides, often with 
various kinds of alkaloids (sometimes benzyliso-
quinoline alkaloids), fl avonols, n = (6–8)10–
13(23).. . . . . . . . . . . . . . . . . . . 1. rhamnaceae.

2 Gynoecium of 1 carpel. Shrubs or small trees, 
rarely woody climbers; shoots often reduced to 
spines; cambium storied. Leaves, young branches, 
and calyx tube are covered with peltate and stel-
late trichomes; mycorrhiza present in the cortex of 
the rootlets of Hippophae and Shepherdia, and 
nodules on the roots of all three genera contain 
nitrogen-fi xing bacteria. Vessels with simple per-
forations; lateral pitting alternate, rather small. 
Fibers with conspicuously bordered pits. Rays 
weakly heterogeneous to homogeneous in some 
species of Elaeagnus. Axial parenchyma diffuse, 
sometimes very scanty. Phloem usually stratifi ed 
tangentially into hard and soft layers. Nodes uni-
lacunar. Leaves alternate or (Shepherdia) oppo-
site, simple, entire, pinnately veined, estipulate. 
Stomata anomocytic. Flowers in racemose infl o-
rescences or sometimes solitary in the axils of 
leaves, bisexual (spp. of Elaeagnus) or more 
rarely polygamous (spp. of Elaeagnus) or dioe-
cious (Shepherdia and Hippophae), actinomor-
phic, mostly 4-merous, apetalous. Calyx often 
somewhat corolloid, tubular to saucer-shaped, 
usually 4-lobed or very rarely 6-lobed, in 
Hippophae with only 2 lobes, valvate. Stamens 
borne in the throat of the calyx tube, equal in 
number and alternating with the sepals 
(Elaeagnus), or twice as many and both alternate 
with and opposite to them (4 in Hippophae and 8 
in Shepherdia), fi laments very short; anthers tet-
rasporangiate, dorsifi xed or basifi xed. Pollen 
grains 2-celled or 3-celled, (2)3(4)-colporate. 
More or less well-developed, often lobed nectary 
disc usually present on the inner side of the calyx 
tube. Gynoecium of 1 carpel (probably as a result 
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of complete abortion of the other carpels), with an 
elongate, slender stylodium ending in a linear or 
capitate stigma; ovary superior, 1-locular. Ovule 
solitary, basal, with a short and broad funicle, with 
a funicular obturator. Female gametophyte of 
Polygonum- or (Shepherdia) Allium-type. 
Endospermal chalazal haustorium develops in 
Elaeagnus. Fruits achenes with thin, membranous 
pericarp enveloped by the persistent base of the 
calyx tube that becomes mealy or fl eshy, often 
with a long, inner layer. Seeds have a hard testa 
and contain a straight embryo with large, thick, 
plano-convex cotyledons and a short radicle point-
ing downward; endosperm scanty around the 
embryo (Shepherdia), only near the radicle 
(Hippophae), or wanting (Elaeagnus). Strongly 
tanniniferous, usually producing quebrachitol and 
sometimes also indole alkaloids, sinapinic and 
ellagic acids, fl avonols, 0-methyl fl avonoids, trit-
erpenes, n = 6, 10, 11, 13, 14. 2. elaeagnaceae.

1 Flowers without nectaries. Alkaloids absent.
3 Leaves alternate. Deciduous small trees or 

shrubs. Young annual shoots and leaves with 
unicellular hairs. Leaves clustered on the short 
shoots, rapidly covered with long unicellular 
trichomes on the abaxial side, simple, dentate-
serrate, with persistent subulate stipules. 
Stomata anomocytic or cyclocytic. Flowers 
solitary and axillary, pedicellate, bisexual, acti-
nomorphic, with an epicalyx of 4–8 bracteoles. 
Hypanthium present between the petals and the 
calyx lobes. Sepals 5–6 or 8, basally connate, 
externally densely pubescent and in Dirachma 
somalensis also with glandular peltate hairs (as 
well as on pedicels), valvate. Petals 5–6 or 8, 
free, inserted on the calyx tube, imbricate, with 
fl eshy and densely haired appendages near base 
that are covering a separate cavity in which 
nectar is exuded by a fl at epithelial gland or 
nectar is secreted by the basal part of the 
appendages. Stamens 5–6 or 8, opposite the 
petals, free, inserted on calyx tube above the 
petals; fi laments subulate, in D. somalensis 
with two diverging short spurs at the lower ven-
tral part, propping the petal appendages; anthers 
large, 2- locular, oblong-ellipsoidal, basifi xed, 
latrorse or extrorse. Pollen grains 3-colporate, 
reticulate. Gynoecium of 8 carpels; style long, 
with cylindrical or linear stigmas; ovary supe-

rior, tomentose, 5–6- or 8-locular; ovule soli-
tary in each locule, ascending from the inner 
angle, anatropous, hypotropous, bitegmic; 
micropyle zig-zag. Fruits septicidal and septi-
fragal, 8-locular (Dirachma socotrana) or 
5-locular (D. somalensis), woolly inside with 
very long, unicellular trichomes and separating 
from base to apex into ventrally dehiscent seg-
ments. Seeds ellipsoidal, with straight embryo 
and scanty endosperm; seed coat with exotesta 
and endotegmic pigment layer. Contain fl a-
vonoids.  . . . . . . . . . . . . . . . 4. dirachmaceae.

3 Leaves opposite. Small trees; the wood with-
out growth rings and very hard. Vessel ele-
ments very short, with oblique end walls 
provided by simple perforations; lateral pit-
ting alternate. Fibers with simple or bordered 
pits. Rays somewhat heterogeneous, mixed 
uniseriate and pluriseriate. Axial parenchyma 
very scanty, diffuse. Sieve-elements plastids 
of S-type, with very oblique, compound sieve 
plate. Nodes  unilacunar, with a single trace. 
Leaves petiolate, decussate, simple, entire, 
pinnately veined, densely white-tomentose 
below with curled, unicellular hairs, estipu-
late. Stomata paracytic. Flowers small, in short 
3-fl owered dichasia, dioecious, actinomor-
phic, apetalous, without bracts and bracteoles. 
Sepals 3 or 4, slightly connate at the base, val-
vate; those of the female fl owers pinnately 
veined and slightly imbricate, accrescent in 
fruit. Stamens 6–9 (up to 12), with very short, 
free fi laments; anthers elongate, apiculate, 
latrorse. Pollen grains 3-colporate, tectate- 
columellate, with granular layer beneath the 
thick, perforated tecturn. Exine ornamentation 
rugulate with spinules, colpi with thickened 
margins, and pores covered with exinous 
islets. Gynoecium of 1 (mostly) to 3 free or 
basally more or less connate carpels, each with 
linear stylodium; stigma linear, papillous all 
round; ovary superior,  sessile to shortly stipi-
tate, 1-locular; ovules solitary, pendulous, 
subapical ovule on a short funiculus, anatro-
pous, bitegmic (Bouman and Boesewinkel 
1997), crassinucellate. Endosperm develop-
ment nuclear. Fruits dry, indehiscent, nut-like, 
with thin pericarp and accrescent, submem-
branous, prominently veined sepals. Seeds 
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unspecialized, remain parenchymatic and 
locally compressed, exotesta perforated, 
endotegmen tanniniferous; embryo straight, 
endosperm scanty; cotyledons fl at, fl eshy. 
Embryo and endosperm contain aleuron 
grains. Accumulating ellagic acid and  fl avonols 
quercetin and kaempferol.  . 3. barbeyaceae.

1. RHAMNACEAE

A.L. de Jussieu 1789 (including Frangulaceae A.P. de 
Candolle 1805, Gouaniaceae Rafi nesque 1837, 
Phylicaceae J.G.Agardh 1858, Ziziphaceae Adanson 
ex Post et Kuntze 1903). 52/900. Nearly cosmopolitan, 
but mainly in tropical and subtropical regions.

Classifi cation after D. Medan and C. Schirarend 
(2004).

PALIUREAE: Paliurus, Ziziphus (incl. Sarcomp-
halus), Hovenia; colletieae: Trevoa (incl. Talguenea), 
Retanilla, Adolphia, Kentrothamnus, Colletia, 
Discaria; phyliceae: Phylica, Trichocephalus, 
Nesiota, Noltea; gouanieae: Gouania, Helinus, 
Reissekia, Alvimi antha, Crumenaria, Pleuranthodes; 
pomaderreae: Pomaderris, Siegfriedia, Trymalium, 
Spyridium, Stenanthemum, Cryptandra, Blackallia; 
rhamneae: Rhamnus (including Frangula), Scutia, 
Sageretia, Berchemiella, Rhamnella (including 
Chaydaia), Dallachya, Berchemia, Rhamnidium, 
Karwinskia, Condalia, Auerodendron, Reynosia, 
Krugiodendron; maesopsideae: Maesopsis; venti-
lagineae: Smythea, Ventilago; ampelozizipheae: 
Ampelozi ziphus; doerpfeldieae: Doerpfeldia; 
bathior hamneae: Bathiorhamnus.

Incertae sedis: Alphitonia, Ceanothus, Colubrina, 
Emmenosperma, Granitites, Lasiodiscus, Schistocarpaea.

2. ELAEAGNACEAE

A. L. de Jussieu 1789 (including Hippophaeaceae G. 
Meyer 1836). 3/50. Subtropical and temperate regions 
of the Northern Hemisphere and in tropical Asia, with 
1 species of Elaeagnus in Queensland; Shepherdia (3) 
is endemic to North America.

Elaeagnus, Hippophae, Shepherdia.
Share many features with the Rhamnaceae, inclu-

ding seed anatomy (“The seed-structure is typically 
Rhamnaceous,” states Corner [1976:124]). The affi nity 

with the Rhamnaceae is also confi rmed by uredino-
logical data (see Holm 1979 and Savile 1979). 
A common origin is very probable.

3. BARBEYACEAE

Rendle 1916. 1/1. Northeastern Africa and adjacent 
parts of the Arabian Peninsula.

Barbeya.
Have many similarities with Rhamnaceae, includ-

ing wood anatomy and fl ower morphology.

4. DIRACHMACEAE

Hutchinson 1959. 1/2. Socotra and central Somalia.
Dirachma.
The genus Dirachma is usually included in the 

 Ger-aniales with some members of which it has certain 
similarities, such as beaked fruits dehiscing from 
below to apex. However, Hutchinson (1959, 1967, 
1968, 1973) included his family into Tiliales. Link 
(1991, 1993), Ronse Decraene and Smets (1995) have 
found Dirachma more closely related to the Malvales 
than to any other group, including Geraniales. They 
especially emphasize the location and anatomy of epi-
thelial nectaries, which in some important details 
resemble trichomatic nectaries of Grewieae, Coloneae, 
Duboscieae, Lueheeae, Trichospermeae, and 
Triumpheteae of the Tiliaceae as well as the develop-
ment of long, unicellular trichomes on the fruit valves’ 
ventral sides known in some Bombacaceae, such as 
Ceiba and Ochroma. Also, Dirachma has mucilage 
cells (Yakovleva 1994), stellate hairs, hypocalyx, hap-
lostemonous androecium and hypotropous ovules 
(epitropous in Geraniaceae). However, Thulin et al. 
(1998) conclude that Dirachmaceae are closely related 
to the Barbeyaceae. But Dirachma differs from 
Barbeya in many importance characters, including 
alternate and stipulate leaves, bisexual fl owers, 8–9 
sepals not accrescent in fruit, pollen morphology, the 
number of carpels, bitegmic ovules, septicidal 5–8-loc-
ular capsules, seed anatomy and also in wood structure 
such as the thicker vessel walls, smaller vessel pits, 
scanty or entirely lacking axial parenchyma, absence 
of vasicentric or vascular tracheids, and lack of pris-
matic crystals in the wood. Boesewinkel and Bouman 
(1997) proposed relationships Dirachmaceae to the 
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Rhamnaceae, and Thorne (2000, 2006) includes 
Dirachmaceae in the Rhamnales. According to Baas, 
Jensen and Smets (2001), Dirachma has many com-
mon anatomical  features with Rhamnaceae. However 
Dirachmaceae markedly differ from the Rhamnaceae 
and related families in the presence of epicalyx, the 
lack of a nectary disc, and structure of gynoecium and 
fruit. The caducous glands of Dirachmaceae are not 
homologous with the persistent receptacular disc-nec-
taries of Rhamnaceae and Elaeagnaceae (Smets 1986; 
Smets and Cresens 1988).

Bibliography

Aagesen L. 1999. Phylogeny of the tribe Colletieae, Rhamnaceae. 
Bot. J. Linn. Soc. 131: 1–43.

Baas P, S Jensen, and E Smets. 2001. Vegetative anatomy and 
affi nities of Dirachma socotrana (Dirachmaceae). Syst. Bot. 
26: 231–241.

Bartish IV and U Swenson. 2004. Elaeagnaceae. In: K Kubitzki, 
ed. The families and genera of vascular plants, vol. 6, 
pp. 131–134. Springer, Berlin/Heidelberg/New York.

Bayer C. 2004. Dirachmaceae. In: K Kubitzki, ed. The families 
and genera of vascular plants, vol. 6, pp. 122–124. Springer, 
Berlin/Heidelberg/New York.

Bazar’a M, L Guarino, A Miller, and N Obadi. 1991. Dirachma 
socotrana – back from the brink? Oryx 25: 229–232.

Behnke H-D. 1974. P- und S-Typ Siebelement-Plastiden bei 
Rhamnales. Beitr. Biol. Pfl . 50: 457–464.

Behnke H-D. 1995. Sieve-element characters of the Proteaceae 
and Elaeagnaceae: nuclear crystals, phloem proteins and 
sieve-element plastids. Bot. Acta 108: 514–524.

Bennek C. 1958. Die morphologische Beurteilung der Staub- 
und Blümenblatter der Rhamnaceae. Bot. Jahrb. Syst. 77: 
423–457.

Boesewinkel FD and F Bouman. 1997. Ovules and seeds of 
Dirachma socotrana (Dirachmaceae). Plant Syst. Evol. 205: 
195–204.

Boesewinkel FD and F Bouman. 2000. Dirachmaceae. In: A 
Takhtajan, ed. Comparative seed anatomy, vol. 6, pp. 33–34. 
Nauka, St. Petersburg (in Russian).

Bond G, JT MacConnel, and AH McCallum. 1956. The nitrogen 
nutrition of Hippophae rhamnoides L. Ann. Bot. 20: 501–512.

Bouman F and D Boesewinkel. 1997. Ovules and seeds of 
Barbeya with additional arguments for an urticalean affi nity 
of the Barbeyaceae. Acta Bot. Neerl. 46: 255–261.

Brizicky GK. 1964. The genera of Rhamnaceae in the southeast-
ern United States. J. Arnold Arbor. 45: 439–463.

Cooper DC. 1932. The development of the peltate hairs of 
Shepherdia canadensis. Am. J. Bot. 19: 423–428.

Davtian AG. 1950. Comparative-anatomical study of the wood 
of the Caucasian species of the genus Elaeagnus. Trudy Bot. 
Inst. Armenian Acad. Sci. 7: 133–144 (in Russian).

Dickison WS and EM Sweitzer. 1970. The morphology and 
relationships of Barbeya oleoides. Am.J. Bot. 57: 
468–476.

Friis I. 1993. Barbeyaceae. In: K Kubitzki, ed. The families and 
genera of vascular plants, vol. 2, pp. 141–143. Springer, 
Berlin/Heidelberg/New York.

Gardner IC. 1958. Nitrogen fi xation in Eiaeagnus root nodules. 
Nature 181: 717–718.

Gardner IC and G Bond. 1957. Observations on the root nodules 
of Shepherdia. Canad. J. Bot. 35: 305–314.

Graham SA. 1964. The Elaeagnaceae in the southeastern United 
States. J. Arnold Arbor. 45: 274–278.

Harrison JE and T Beveridge. 2002. Fruit structure of Hippophae 
rhamnoides cv. Indian Summer (sea buckthorn). Canad. J. 
Bot. 80: 399–409

Holm L. 1979. Some problems in angiosperm taxonomy in light 
of the rust data. In: I Hedberg, ed. Parasites as plant taxono-
mists, pp. 177–181. Upsala.

Jensen S, F Piesschaert, and E Smets. 2000. Wood anatomy of 
Elaeagnaceae, with comments on vestured pits, helical 
thickenings, and systematic relationships. Am. J. Bot. 87: 
20–28.

Kellermann J, F Udovicic, and PY Ladiges. 2005. Phylogenetic 
analysis and generic limits of the tribe Pomaderreae 
(Rhamnaceae) using internal transcribed spacer DNA 
sequences. Taxon 54: 619–631.

Leins P. 1967. Morphologische Untersuchungen an Elaeagnaceen 
Pollenkornern. Grana Palynol. 7: 390–399.

Link DA. 1991. Dirachma somalensis D. A. Link sp. nov.: 
A new species of a remarkable and highly endangered mono-
generic family. Bull. Jard. Bot. Belg. 61: 3–13.

Link DA. 1993. Dirachmaceae. In: M Thulin, ed. Flora of 
Somalia, pp. 191–192. Royal Botanic Gardens, Kew.

Massagetov PS. 1946. Alkaloids in plants of the family 
Elaeagnaceae. Zhurn. General Chem. 16: 139–140 (in 
Russian).

Medan D. 1985. Fruit morphogenesis and seed dispersal in the 
Colletieae (Rhamnaceae). I. The genus Discaria. Bot. Jahrb. 
Syst. 105: 205–262.

Medan D. 1988. Gynoecium ontogenesis in the Rhamnaceae. In: 
P Leins, SC Tucker, and PK Endress, eds. Aspects of fl oral 
development, pp. 133–141. J. Cramer, Berlin.

Medan D and L Aagesen. 1995. Comparative fl ower and fruit 
structure in the Colletieae (Rhamnaceae). Bot. Jahrb. 117: 
531–564.

Medan D and C Schirarend. 2004. Rhamnaceae. In: K Kubitzki, 
ed. The families and genera of vascular plants, vol. 6, 
pp. 320–338. Springer, Berlin/Heidelberg/New York.

Nemirovich-Danchenko EN. 1992. Berbeyaceae. In: A Takhtajan, 
ed. Comparative seed anatomy, vol. 4, pp. 380–381. Nauka, 
St. Petersburg (in Russian).

Rao VS. 1974. The nature of the perianth in Eiaeagnus on the 
basis of fl oral anatomy, with comments on the systematic 
position of Elaeagnaceae. Part 1. J. Indian Bot. Soc. 53: 
156–161.

Rendle AB. 1916. Barbeyaceae: Prain. Flora Trop. Africa 6(2): 
14–15.

Richardson JE, MF Fay, QCB Cronk, D Bowman, and 
MW Chase. 2000. A phylogenetic analysis of Rhamnaceae 
using rbcL and trnL-F plastid DNA sequences. Am. J. Bot. 
87: 1309–1324.

Richardson JE, MF Fay, QCB Cronk, and MW Chase. 2000. A 
revision of the tribal classifi cation of Rhamnaceae. Kew 
Bull. 55: 311–340.



434 Subclass VI. ROSIDAE

Ronse Decraene LP and AG Miller. 2004. Floral development 
and anatomy of Dirachma socotrana (Dirachmaceae): a con-
troversial member of the Rosales. Plant Syst. Evol. 249: 
111–127.

Saville PB. 1979. Fungi as aids in higher plant classifi cation. 
Bot. Rev. 45: 377–503.

Schirarend C and E Kohler. 1993. Ramnaceae Juss. World Pollen 
Spore Flora, 17–18: 1–53.

Schweinfurth C. 1891. Barbeya Schf. gen. nov. Urticacearum. 
Malpighia 5: 332–340.

Servettaz C. 1909. Monographic des Eleagnacees. Beih. Bot. 
Centralbl. 25(2): 1–420.

Shabes LK and AA Morozova. 2000. Elaeagnaceae. In: A 
Takhtajan, ed. Comparative seed anatomy, vol. 6, pp. 192–
196. Nauka, St. Petersburg (in Russian).

Sorsa P. 1971. Pollen morphological study of the genus 
Hippophae L., including the new taxa recongized by A.Rousi. 
Ann. Bot. Fenn. 8: 228–236.

Thulin M, B Bremer, J Richardson, J Niklasson, MF Fay, and 
MW Chase. 1998. Family relationships of the enigmatic 

rosid genera Barbeya and Dirachma from the Horn of Africa 
region. Plant Syst. Evol. 213: 103–119.

Tobe H and M Takahashi. 1990. Trichome and pollen morphol-
ogy of Barbeya (Barbeyaceae) and its relationships. Taxon 
39: 561–567.

Tortosa RD, L Aagesen, and GM Tourn. 1996. Morphological stud-
ies in the tribe Colletieae (Rhamnaceae): analyses of architec-
ture and infl orescences. Bot. J. Linn. Soc. 122: 353–367.

Tortosa RD and D Medan. 1992. Rhamnaceae with multiple lateral 
buds: an architectural analysis. Bot. J. Linn. Soc. 108: 275–286.

Veldkamp JF. 1986. Elaeagnaceae. In: CGGJ van Steenis, ed. Flora 
Malesiana, ser. 1, 10: 151–156. Noordhoff, Groningen.

Vyshenskaya TD. 2000. Rhamnaceae. In: A Takhtajan, 
ed. Comparative seed anatomy, vol. 6, pp. 183–191. Nauka, 
St. Petersburg (in Russian).

Yakovleva OV. 1994. The ultrastructure of mucilage cells in the 
leaf epidermis of Dirachma socotrana (Dirachmaceae). Bot. 
Zhurn. 79: 52–58 (in Russian with English summary).

Yamazaki T. 1975. Embryology of Elaeagnus umbellata Thunb. 
J. Jpn. Bot. 50: 281–284.



A. Takhtajan, Flowering Plants, 435
© Springer Science + Business Media B.V. 2009

Trees, shrubs, subshrubs, perennial or annual herbs. 
Vessels with scalariform or simple perforations. Sieve-
element plastids usually of S-type. Nodes trilacunar, 
multilacunar or unilacunar. Leaves simple or com-
pound, alternate, opposite or verticillate. Stomata of 
various types. Flowers in various kinds of infl orescences 
or sometimes solitary, mostly bisexual or less often uni-
sexual, actinomorphic or more or less zygomorphic, 
often characterized by the secondary pollen presenta-
tion. Corolla often sympetalous. Stamens usually fi ve, 
often attached to the corolla tube. Anthers tetrasporan-
giate, opening longitudinally. Pollen grains 2-celled or 
3-celled, colpate, colporate or porate. Tapetum secre-
tory or (some Dipsacales) amoeboid. Microsporogenesis 
simultaneous. Pollen grains 2- or 3-celled, 3-colporate or 
of derived types. Nectary disc mostly present. Gynoecium 
of 2–5 (up to 12) united carpels; stylodia free or more or 
less connate; ovary mostly inferior. Ovules anatropous, 
unitegmic, mostly tenuinucellate. Endosperm cellular 
or more often nuclear. Fruits of various types. Seeds with 
small or large embryo; endosperm copious to scanty, 
rarely absent.

Probably originated from a Cunoniales-like saxifra-
ganaean ancestor.
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Superoder CORNANAE

Order 106. DESFONTAINIALES

Trees or shrubs, less often subshrubs or herbs. Vessels 
mostly with scalariform perforations (sometimes 
with numerous bars), lateral pitting scalariform to 
alternate. Fibers mostly with bordered pits, often 
septate. Rays heterogeneous. Axial parenchyma 
apotracheal to scanty paratracheal, often wanting. 
Sieve-element plastids of S-type. Nodes trilacunar or 
less often unilacunar or multilacunar. Leaves alternate, 
opposite or less often verticillate, simple, entire or less 
often lobed or dentate, stipulate or more often estipu-
late. Stomata paracytic or more often anomocytic. 
Flowers in infl orescences of various types or rarely 
solitary, bisexual or sometimes unisexual, actinomor-
phic or sometimes more or less zygomorphic. Sepals 
(3)4–5(-12), valvate or imbricate, free or more often more 
or less connate. Petals (3)4–5(-12), valvate, imbricate 
or contorted, free or connate into a short tube. Stamens 
(3)4–5 or 8–10 or more, sometimes numerous (even up to 
200 in Carpenteria); fi laments free, basally connate or 
adnate to the corolla tube; anthers opening longitudinally. 

Tapetum secretory. Microsporogenesis simultaneous. 
Pollen grains 2-celled, mostly 3-colporate, sometimes 
2–3-colpate. Intrastaminal nectary disc present or less 
often wanting. Gynoecium of (2)3–5 or less often up to 
12 united carpels; stylodia free or more often connate 
into a style with the stigmatic branches or lobed or capi-
tate stigma; ovary superior or more often semi- inferior 
or inferior, with 1-several or many ovules per locule. 
Ovules mostly anatropous, usually unitegmic, tenuinu-
cellate, or rarely crassinucellate, usually with endothe-
lium. Female gametophyte of Polygonum- or Allium-type. 
Endosperm cellular, with terminal haustoria. Fruits 
 septicidal or loculicidal capsules or less often baccate 
or drupaceous. Seeds exotestal, rarely (Vahliaceae) 
endotestal, with straight embryo surrounded by fl eshy 
endosperm or less often without endosperm.

The Escalloniaceae, and related families are usually 
included in Rosales sensu amplissimo or in Cunoniales 
or even in the family Saxifragaceae s. 1. However, 
this group of families differs from Saxifragaceae, 
Cunoniaceae, and related families and is much closer to 
the Cornales (see Huber 1963; Dahlgren 1975, 1980, 
1983, 1989 [who even included them in the Cornales]; 
Takhtajan 1987; Soltis et al. 1990; Thorne 1992a, b, 
2006; Xiang et al. 1993). From the saxifraganaean and 
rosanaean families are differ not only morphologically 
(unitegmic and tenuinucellate ovules) but also in the 
presence of iridoid compounds (Jensen et al. 1975; 
El-Naggar and Beal 1980). Its distinctness is also sup-
ported by serological studies (Grund and Jensen 1981).

Key to Families
1 Ovules bitegmic.

2 Vessel elements long (sometimes very long), 
with exclusively scalariform perforations that 
have 16–71 (occasionally up to 111) thin bars; 
lateral pitting extremely rare and confi ned to 
overlapping end walls (when present typically 
occur in uniseriate fi les). Fibers with bordered 
pits. Rays of homocellular, uniseriate rays of 
upright cells and heterocellular, bi- and multise-
riate rays. Axial parenchyma sparse and predom-
inantly apotracheal diffuse and paratracheal 
scanty. Evergreen tree up to 15 m tall. Nodes tri-
lacunar with three traces. Leaves alternate, oppo-
site or verticillate, coarsely and bluntly 
glandular-serrate, estipulate. Stomata anomo-
cytic. Marginal veins are not fi mbriate. Unicellular 
T-shaped trichomes occur on both the pedicels 
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and fl owers. Flowers in terminal,  subumbellate 
panicles. Sepals spirally arranged, and the three 
lower ones, which are larger than the other two, 
completely enclose the other organs in the bud. 
Calyx-tube adnate to base of ovary, lobes fi ve, 
imbricate, deciduous. Petals fi ve, inserted below 
5-lobed disc, clawed, imbricate. Connectives are 
not prolonged. Stamens fi ve, alternate with disc 
lobes, fi laments slender. Pollen grains 2-celled, 
(3)4–5-colporate. Ovary superior to semi-inferior, 
conical, 5-lobed, 5-locular, with two ovules per 
locule; style spirally twisted, 5-grooved. Ovules 
crassinucellate, with nucellar cap, funicular obtu-
rator and ruminate arillode and without endothe-
lium. Fruits broadly ovoid, coriaceous, 5-locular, 
loculicidal capsules. Seeds large, glossy, with a 
broad “aril”, hilar scar elongated, exotestal; coty-
ledons large. Contains proanthocyanidins (from 
cortex), urolic acid; n = 25.  . . . . . 4. ixerbaceae.

2 Vessels with simple perforations. Leaves oppo-
site, simple, entire, ovate to linear, estipulate. 
Stomata anomocytic. Annual herbs rather densely 
pubescent by multicellular glandulose hairs. 
Nodes unilacunar. Flowers small, paired, in axil-
lary cymose infl orescences, bisexual, actinomor-
phic. Sepals fi ve, connate into hemispherical tube 
adnate to the ovary; lobes valvate. Petals fi ve, 
free, shorter than the calyx lobes,  obovate-spatulate, 
imbricate. Stamens fi ve, alternipetalous, inserted 
on the margin of the epigynous nectary disc; fi la-
ments free, subulate; anthers dorsifi xed, introrse. 
Pollen grains 2-celled, 3-colporate. Gynoecium 
of two or three united carpels, with two or three 
thick, divergent stylodia terminated by capitellate 
stigma; ovary inferior, 1-locular, with numerous, 
anatropous, bitegmic, tenuinucellate ovules 
attached to the large placentas hanging from the 
apex of the locule. Fruits more or less globose, 
loculicidal capsules, 2–3-valved at the top, with 
persistent calyx. Seeds numerous, minute, oblong, 
appendaged; exotestal cells more or less elon-
gated; endotesta a layer of cells with well-devel-
oped U-thickening; embryo large, straight; 
endosperm scarce, of two cell layers. Contain iri-
doids n = 6, 9. . . . . . . . . . . . . . . 10. vahliaceae.

1 Ovules unitegmic.
3 Trees, shrubs, subshrubs or perennial herbs.

4 Corolla not sympetalous. Stem and petiole 
without endodermis.

5 Flowers usually bisexual, rarely polyg-
amo-dioecious.
6 Nectary disc usually present.

7 Pericycle without a ring of lactifer-
ous sacs and without a composite and 
continuous ring of  sclerenchyma. 
Trees and shrubs. Leaves alternate or 
rarely (Polyosma) opposite or subop-
posite, estipulate. Hairs unicellular 
and thick-walled, glandular-shaggy 
with uniseriate stalks of variable 
length and aspheroid or (Quintinia) 
peltate glands. Vessels with scalari-
form perforations that have many 
bars (up to 125 in some species of 
Polyosma); lateral pitting transitional, 
opposite or alternate. Fibers with bor-
dered pits. Rays  heterogeneous. Axial 
parenchyma apotracheal, diffuse and/
or diffuse-in-aggregates. Nodes (at 
least in Escallonia) unilacunar. 
Leaves entire, serrate or dentate, 
often  glandular-serrate. Flowers in 
terminal or axillary cymes, small to 
rather large (Anopterus), actinomor-
phic. Sepals 4–6, free or connate into 
a short tube. Petals 4–6, free, imbri-
cate or valvate. Stamens mostly fi ve, 
free, alternate with the lobes of 
nectary disc. Pollen grains 3-colpo-
rate or (Quintinia)  5-colporate. 
Gynoecium of 2–5 carpels; stylodia 
connate into a short or elongate style 
with capitate, 2–5-lobed stigma; 
ovary superior to inferior, usually 
with numerous ovules on axile or 
less often (Polyosma, Anopterus) 
parietal placentas. Fruits septicidal 
or loculicidal capsules or (Polyosma, 
Abrophyllum) berries.  Seeds small 
or minute; embryo small, surrounded 
by copious fl eshy endosperm. 
Contain decarboxylated iridoids, 
fl avonols, n = 12 (Escallonia).
. . . . . . . . . . . . 1. escalloniaceae.

7 Pericycle with a ring of laticiferous 
sacs consisting of vertically elon-
gate cells arranged in longitudinal 
rows and fi lled with white, friable 
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contents and with a composite and 
continuous ring of sclerenchyma. 
Trichomes glandular with short 
sunken stalks and unicellular heads. 
Vessels with scalariform perfora-
tions. Leaves alternate, large, long-
acuminate, subserrate. Stomata with 
a pair of small cells nearly circular 
in outline. Flowers in terminal or 
axillary cymes, yellowish. Calyx 
tube very short, lobes 6–5, small, 
decieduous. Petals 6–5, valvate, 
spreading, deciduous. Stamens 6–5, 
inserted on the margin of the incon-
spicuous nectary disk; fi laments 
very short. Gynoecium of fi ve car-
pels; stigma sessile, 5-lobed; ovary 
superior,  5-locular, with numerous 
axile ovules. Fruits a small, black, 
many-seeded berry, corsned by the 
stigma. Seeds small, with deeply 
latticed testa; embryo very small.
  . . . . . . . . . . . 3. abrophyllaceae.

6 Nectary disc absent. Prostrate, gla-
brous shrublets with robust, fl exuous 
stems emitting short ascending, 
densely leafy branches. Vessels with 
scalariform  perforations that have 
12–14 bars. Leaves alternate, sessile, 
semiamplexicaul, simple, entire but 
apically minutely tridentate, more or 
less glaucous above, obscurely veined, 
estipulate. Flowers small, solitary at 
apex of branchlets; subsessile, ebrac-
teate, actinomorphic, 5-merous as to 
the perianth and androecium. Sepals 
small, shortly connate bellow, imbri-
cate, persistent. Petals relatively large, 
slightly clawed, contorted, fl eshy or 
not. Stamens alternipetalous; fi laments 
subulate; anthers small, ovoid, sub-
didymous, extrorse. Pollen grains 
3-colporate, rugulate-reticulate, with 
fractioned, partial tectum with inter-
rupted muri on the intercolpium. 
Gynoecium of three carpels; style 
short, with 3-lobed, capitate stigma; 
ovary superior,  3-locular, with many 
(30–50) anatropous ovules per locule. 

Fruits small, many-seeded, loculicidal 
and valvular capsules, borne on a 
short, erect pedicel; the valves fi nally 
separating from the axis, to which the 
seeds long remain attached after the 
capsule has dehisced. Seeds black, 
shining, with fl eshy and oily 
endosperm. . . . . . . . .5. tribelaceae.

5 Flowers unisexual, dioecious. Vessels 
usually with simple perforations, even in 
the primary xylem; lateral pitting alter-
nate, pits more or less vestured. Fibers 
with simple pits. Rays mostly heteroge-
neous. Nodes unilacunar.
8 Petals valvate. Small trees or shrubs. 

Vessels with simple perforation or 
rarely with simple and scalariform 
perforations, with 1–2 bars. Fibers not 
septate. Rays essentially heteroge-
neous. Axial parenchyma absent. 
Leaves alternate, entire, pinnately 
veined, coriaceous, estipulate. Stomata 
anomocytic. Flowers small, in small 
axillary panicles. Male fl owers: calyx 
 4-angled, 4-lobed. Petals four, oblong-
ovate, free; stamens four; fi laments 
very short, anthers basifi xed, oblong-
linear, acuminate. Pollen grains 3-col-
porate, reticulate. Nectary disc 
pulvinate, obtusely 4-angled; rudimen-
tary gynoecium subulate. Female fl ow-
ers: calyx tube obtusely 4-angled, teeth 
four, remote; petals four, staminodia 
absent; nectary disc hemispherical. 
Gynoecium of two carpels; stylodia 
minute, recurved, with decurrent stig-
mas; ovary semi-inferior, 2-locular, 
with one ascending, campylotropous 
ovule in each locule. Fruits small, com-
pressed, didymous drupes with two 
compressed, 1-seeded, crustaceous, 
thin-walled pyrenes. Seeds linear-
oblong, with membranous testa and 
fl eshy, orange or brownish endosperm; 
embryo large, with inferior radicle, 
n = 16. . . . . . . . . . .6. kaliphoraceae.

8 Petals imbricate. Small trees or shrubs, 
sometimes (Grevea bosseri) lianas. 
Vessels with simple perforation. Fibers 
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with bordered pits, septate (Grevea). 
Rays heterogeneous (Montinia) or 
homogeneous (Grevea). Axial paren-
chyma scanty paratracheal. Leaves 
alternate, subopposite or opposite, 
entire, coriaceous (Montinia) or mem-
branous (Grevea), estipulate. Stomata 
anomocytic (Montinia) or anisocytic 
(Grevea). Flowers in terminal or axil-
lary cymes or panicles, or solitary and 
terminal (female), small, actinomor-
phic, unisexual, 4–5-merous. Male 
fl owers: sepals 3–5, connate into cup-
ular or fl attened, entire or shortly 3–5-
lobed tube; petals 3–5, alternipetalous, 
thick; stamens 3–5, alternipetalous; 
fi laments short, thick; anthers rather 
large, ellipsoid, dorsifi xed, extrorse. 
Pollen grains 3-colporate reticulate; 
rudimentary gynoecium absent or 
minute; nectary disc fl at, discoid. 
Female fl owers: sepals 4–5, adnate to 
ovary, limb shortly tubular, entire or 
minutely 4–5-toothed; petals 4–5, 
fl eshy, deciduous; staminodia 4–5; 
nectary disc epigynous, fl eshy, 
4–5-angled. Gynoecium of two car-
pels; style short, thick, persistent, stig-
mas 2-fi d or shortly 2-lobed; ovary 
inferior to semi-inferior, 2-locular, 
with numerous (Montinia) or 4–6 
ovules per locule; ovules pendulous, 
anatropous. Fruits 2-locular and locu-
licidal, dehiscent (Montinia) or inde-
hiscent (Grevea) capsules with few 
seeds and tipped by persistent style. 
Seeds compressed and winged all 
around and auriculate at the point of 
attachment (Montinia) or subglobose, 
and not winged; exotesta lignifi ed, 
periclinal walls thickened; endosperm 
more or less developed in Grevea 
(Krach 1976), or copious in Montinia 
(Nemiro vich-Danchenko 2000). 
n = 34 (Montinia).  7. montiniaceae.

4 Corolla sympetalous.
9 Ovules tenuinucellate. Evergreen shrubs 

or small trees; plants usually bitter tast-
ing. Vessels with scalariform perfora-

tions; lateral pitting is generally absent 
owing to the solitary nature of vessels 
and tends toward alternate when present. 
Fibers are tracheids. Rays entirely unise-
riate and comprise axially elongated or 
upright cells only. Axial parenchyma 
vasicentric, scanty with some diffuse. 
Leaves opposite, rather small, simple, 
asymmetrical, entire or dentate, with 
glands on lower surface or stipules pres-
ent. Stomata anomocytic. Flowers in 
few-fl owered terminal cymes or solitary 
and terminal, two bracteolate, bisexual, 
slightly zygomorphic, (4)5(-8)-merous 
as to the perianth. Sepals connate, lobes 
valvate or weakly imbricate, persistent. 
Petals yellow, connate into a very short 
tube, lobes spreading, imbricate. Stamens 
two, inserted near the base of corolla, 
alternate with the adaxial and lateral 
lobes; fi laments short, stout; anthers large, 
extrorse, with broad connective and two 
undulately plicate, latrorse, twisted loculi 
that open longitudinally. Pollen grains 
3-colporate. Gynoecium of two carpels; 
style short, thick, stigma cup-like, with 
two broad lobes; ovary almost quite infe-
rior, imperfectly 2-locular, with two 
intruded parietal placentas that are subcon-
tiguous in the center; ovules numerous, 
ascending, anatropous, with endothelium. 
Fruits septicidal and valvular capsules, 
with persistent calyx. Seeds numerous, 
minute, laterally compressed, smooth, with 
minute straight embryo and copious, fl eshy 
endosperm.. . . . . . . .8. columelliaceae.

9 Ovules crassinucellate. Erect or sprawl-
ing evergreen shrubs or rarely small trees 
with somewhat angular, opposite 
branches, glabrous or with a few simple 
hairs. Pith parenchymatous. Vessels with 
scalariform perforations; perforation 
plates very oblique, the bars fi ne and 
numerous from 15 to 65; lateral pitting 
partly scalariform, partly small, round, 
bordered. Fibers with bordered pits. Rays 
uniseriate, composed of upright cells. 
Axial parenchyma mainly diffuse, but 
also some isolated strands associated 
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with the vessels (Mennega 1980). Sieve-
element plastids of S-type. Leaves oppo-
site, simple, petiolate, spinulose-dentate 
like those of Ilex aquifolium, pinnately 
veined, coriaceous, connected at the 
base by stipular line. Stomata anomo-
cytic. Flowers solitary in the axils of the 
leaves near the apices of the branchlets 
or in few-fl owered cymes, large, bisex-
ual, actinomorphic or nearly actinomor-
phic, 5-merous, with leafy or sepal-like 
bracts. Sepals basally connate, strongly 
imbricate, equal or subequal, persistent. 
Corolla much longer than the calyx, 
nearly cylindrical, fl eshy, lobes imbri-
cate or contorted, scarcely spreading. 
Stamens fi ve, inserted just below the 
corolla throat, equal; fi laments much 
shorter than the anthers; anthers bas-
ifi xed, narrowly triangular to nearly 
oblong, deeply cordate at the base, 
introrse. Pollen grains 3-colporate, with 
a thick aperture membrane, rugulate tec-
tum surface with small perforations, and 
elongate pores (Hoc and Bravo 1984). 
Gynoecium of fi ve united carpels; style 
long, slender, with capitate, scarcely 
dilated, obscurely 5-lobed stigma, only 
slightly expanded, persistent; ovary 
superior, cylindrical, 5-locular at the 
base and 1-locular at the apex, with fi ve 
parietal placentas with many ovules; 
placentas mushroom-shaped on section, 
united inside in the basal half of the 
ovary. Ovules anatropous, with 
endothelium. Fruits berries with a per-
sistent calyx. Seeds many, obliquely 
ellipsoid or ovoid, slightly angular, 
outer walls of testa pectic, other walls 
lignifi ed; embryo straight, minute; 
endosperm copious, starchy. Producing 
iridoid glycosides loganin and loganic 
acid (Houghton and Ming 1985). n = 7.
  . . . . . . . . . . . . . 9. desfontainiaceae.

3 Annual herbs. Leaves alternate, simple, 
somewhat fl eshy, the radical leaves spatu-
late-oblanceolate, entire to dissected, when 
dissected, basically palmatifi d (the upper 
members stagshornlike), estipulate. Small, 
densely glandular-hairy annual herbs, much 

branched from the base, thinly pilose all 
over. Vessels with  simple perforations. 
Flowers very small, in terminal, cymose, 
paniculate infl orescences, bisexual, actino-
morphic, 5-merous. Sepals narrow, deeply 
lobed, basally connate into a very short 
tube, adnate to the lowest third of the ovary; 
lobes valvate. Petals free, narrowly elliptic, 
spreading. Stamens fi ve, alternate with the 
petals, free; fi laments subulate; anthers 
small, rounded-ellipsoidal, dorsifi xed, ver-
satile, introrse to latrorse. Pollen grains 
3-colporate, reticulate. Epigynous disc 
absent. Gynoecium of two united carpels, 
with free slender divergent stylodia termi-
nated by capitate stigma; ovary 2-locular, 
three-quarters superior, shortly adnate to 
the calyx tube at the base, with one sub-
basal axile ascending, anatropous ovule 
per locule. Fruits semi-inferior, sub-
didymous, loculicidal capsules. Seeds 
small, erect, with minute, straight embryo 
and copious endosperm; seed coat 3–4 
layered. . . . . . . . . . . . .2. eremosynaceae.

1. ESCALLONIACEAE

R. Brown ex Dumortier 1829 (including Anopteraceae 
Doweld 2001; Polyosmaceae Blume 1851). 6/150. The 
largest genus Polyosma (60) is distributed from eastern 
Himalayas through Southeast Asia to New Guinea, 
tropical Australia, and New Caledonia, Escallonia 
(about 40) in South America (especially Andes), 
Quintinia (25) from Malesia to Australia, New Zealand, 
and New Caledonia, Cuttsia (1), and Anopterus (2) are 
endemic to Australia, Forgesia (1) to Reunion and 
Valdivia (1) to Chile.

Anoptereae: Anopterus; FORGESIEAE: 
Forgesia, Quintinia; escallonieae: Escallonia, 
Valdivia; polyosmeae: Polyosma.

The family, even in its narrow sense, as defi ned, is 
rather heterogeneous.

2. EREMOSYNACEAE

Dandy 1959. 1/1. Southwestern Australia.
Eremosyne
Furthermore, Al-Shammary and Gornall (1994) 

suggested a close relationship between Eremosyne and 



Superoder CORNANAE 441

Escallonia based on trichome anatomy. According to 
Soltis and Soltis (1997), Eremosynaceae are the sister 
to the Escalloniaceae.

3. ABROPHYLLACEAE

Nakai 1943. 2/2. Eastern Australia.
Cuttsia, Abrophyllum
Related to the Escalloniaceae, but differing in the 

structure of pericycle and Abrophyllum and Cuttsia 
both have clusters of small, unlignifi ed cells in the 
mesophyll that look like little white raphide bundles 
(Hils 1985).

4. IXERBACEAE

Grisebach 1854. 1/1. Northern New Zealand (lowland 
and lower montane forests from lat. 35°30′ to a little 
south of 3 8°).

Ixerba
Vegetative anatomy of Ixerba is very primitive.

5. TRIBELACEAE

Airy Shaw 1965. 1/1. Temperate South America (from 
southern Chile to Tierra del Fuego).

Tribeles
Related to the Escalloniaceae, differing from them 

in the absence of nectary disc, in contorted petals, 
extrorse anthers, persistent seed-bearing column of the 
fruits, and the obscurely veined, glaucescent leaves 
(“very distinctive in appearance, and unlike any others 
known to the writer,” states Airy Shaw [1965: 269]), as 
well as in seed coat anatomy (Nemirovich-Danchenko 
and Lobova 1998).

6. KALIPHORACEAE

Takhtajan 1996. 1/1. Madagascar.
Kaliphora
Capuron was the fi rst who noticed the uncornaceous 

features of Kaliphora, which were later confi rmed 
by Eyde (1988). Kaliphora is related to both the Montin-
iaceae. There are many palynological similarities 
between Montinia, Grevea, and Kaliphora (Hideux and 
Ferguson 1976; Ferguson 1977; Ferguson and Hideux 

1978). The wood anatomy of Kaliphora resembles that 
of Montinia and Grevea (Bakolimalala-Ramamonjiarisoa 
1989). However, Kaliphora differ from the Montiniaceae 
s. str. in many respects, including free stylodia, solitary 
pendulous ovule, and drupaceous fruits. According to 
Eyde (1988: 310), Kaliphora «has commissural stig-
mas: receptive tissue extends downward in the septal 
radii not in the radii of the  dorsal carpel bundles as is the 
case in the comparable Cornaceae (that is, in the 
Nyssoideae: only they have well-defi ned style branches». 
Also, as Eyde points out «Insertion of the ovule is lower 
– about midlevel in the cavity – in Kaliphora than in true 
cornads and the cushionlike epigynous nectary of true 
cornads is absent. Furthermore, the seeds develop with 
their micropyle turned down».

7. MONTINIACEAE

Nakai 1943. 2/4 Southern Africa (Montinia) and tropi-
cal West and East Africa and Madagascar (Grevea).

Montinia, Grevea
Related to the Escalloniaceae, and in Hutchinson’s 

system (1967, 1969, 1973) they are included in them. 
However, as early as 1891 Kerner von Marilaun and later 
Nakai (1943) and independently Takhtajan (1954) and 
Milne-Redhead (1955) considered both genera a separate 
family, which was later accepted by Capuron (1969), 
Airy Shaw (in Willis 1973), Krach (1976), Dahlgren 
(1980, 1983, 1989), Carlquist (1989) and Thorne (1992a, 
b). Capuron (1969) also proposed to include in this family 
Kaliphora, which was accepted by Dahlgren (1980, 1983) 
and later by Carlquist (1989) and Thorne (1992), who 
also added Melanophylla. Palynologically Montinia, 
Grevea, and Kaliphora are very similar (Hideux and 
Ferguson 1976; Ferguson and Hideux 1978). Montiniaceae 
are considerably more advanced than Escalloniaceae. 
According to Carlquist (1989), wood of Montinia resem-
bles that of Kaliphora and Grevea, but Grevea is more 
distant from Montinia than is Kaliphora.

8. COLUMELLIACEAE

D. Don 1828. 1/4. Andes of South America from 
Colombia to Bolivia.

Columellia
Probably related to the Escalloniaceae and differing 

from them mainly in absence of the nectary disc, 
weakly sympetalous corolla, slightly zygomorphic 
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fl owers, androecium of two stamens with broad con-
nective and contorted anthers, and thick integument. 
A great variety of families have been proposed as rela-
tives of Columellia (Columelliaceae). They include 
Oleaceae, Gesneriaceae, Ericales, Ebenales, Genti-
anales, Scrophulariales, Myrtales, Saxifragales, and 
even Cucurbitaceae. The most recent treatments favor 
inclusion in Cornales (Dahlgren 1975, 1983, 1989), 
Resales s. 1. (Cronquist 1981, 1988; Thorne 1983), 
Saxifragales s. 1. (Hallier 1908, 1911, 1912; Takhtajan 
1980), or Hydrangeales (Takhtajan 1987; Thorne 
1992a, b). Hallier (1908, 1911, 1912) included 
Columellia in Saxifragaceae-Philadelpheae. According 
to Stern et al. (1969: 70), it is clearly impossible to 
assemble an array of data that would affi rm unequivo-
cally the relationships of Columelliaceae with any one 
of the several families to which it has been allied. In 
their opinion «Perhaps its nearest relatives are in the 
Escalloniaceae» (p. 70).

9. DESFONTAINIACEAE

Endlicher 1841. 1/5. The Andes from Costa Rica to 
Cape Horn.

Desfontainia
Closely related to the Columelliaceae (Hallier 1908, 

1911, 1912). Thorne (1992a, b, 2000, 2006) placed 
the Desfontainiaceae in his Cornales close to the 
Columelliaceae. A relationship between Desfontainia 
and Columellia is also supported by the wood anatomy 
(Mennega 1980). Backlund and Donoghue (1996) even 
included Desfontainia in Columelliaceae. However, 
there are also many differences in fl oral morphology.

10. VAHLIACEAE

Dandy 1959. 1/8. Tropical and South Africa, Madagascar, 
and from upper Egypt and Iran to northwestern India.

Vahlia (Bistella)
Usually included in the Saxifragales, but Vahliaceae 

differ from them in their placentas are pendulous, 
ovules are tenuinucellate, and micropyle is formed 
by the inner integument. Besides, mature seeds do 
not show any traces of the raphe (Krach 1976, 1977). 
And what is even more important, Vahlia contains 
iridoids (Al-Shammary 1991). According to rbsL and 
18S rDNA sequence data, Vahlia is well separated 

from Saxifragales and included in the same clade 
which contains Montinia (Morgan and Soltis 1993; 
Soltis and Soltis 1997). According to Al-Shammary 
and Gornall (1994) Vahlia resembles Montinia also in 
thin-walled, eglandular, uniseriate trichomes with a 
smooth cuticle, opposite, estipulate leaves. Probably 
belong to the Hydrangeales. However, Vahlia differs 
from the typical members of Desfontainiales in 
bitegmic ovules. Systematic position of Vahlia is still 
uncertain.
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Order 107. BRUNIALES

Shrubs or subshrubs, or rarely small trees, mostly with 
ericoid habit, with subepidermal core. The hairs are 
mostly long, slender and unicellular, with thick smooth 
walls and narrow lumina. Resinous deposits observed 
in cork, phloem, medullary rays and pith of Audoinia 
and Lonchostoma. Vessels with scalariform perfora-
tions that usually have numerous bars. Fibers with 
 bordered pits. Axial parenchyma scanty paratracheal. 
Rays heterogeneous, mixed uniseriate and pluriseriate. 
Nodes unilacunar with one trace. Leaves evergreen, 
alternate, simple, densely set, mostly subtrigonous 
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and acerose, often imbricate, entire, estipulate or 
with small, rudimentary stipules, water-storage tissue 
reported to occur at the apex of the leaf near the termi-
nations of the veins. Stomata anomocytic. Flowers in 
dense spicate or capitate, terminal or axillary infl ore-
scences, occasionally solitary, sometimes subtended by 
several imbricate bracts, mostly small, bisexual, acti-
nomorphic. Sepals (4)5, free almost to the base, imbri-
cate, persistent. Petals (4)5, sessile or unguiculate, free 
or connate into a variably long tube, imbricate, often 
persistent. Stamens as many as petals and alternating 
with them, often persistent; fi laments free or sometimes 
adnate to the corolla tube, in Lonchostoma anthers sub-
sessile and borne on the corolla tube, incurved in bud; 
anthers small or very small, tetra sporangiate, dorsifi xed, 
often versatile, introrse,  sometimes with a prolonged 
connective, opening longitudinally. Intrastaminal nectary 
disc sometimes present. Pollen 3-aperturate, or 6–11 
aperturate, 3–10-colporate, tectate-columellate, almost 
psilate to rugulose and murate-reticulate. Gynoecium 
of two carpels, in Mniothamnea and Berzelia seemingly 
unicarpellate or at least unilocular, in Audouinia with 
three carpels, stylodia almost free to connate nearly to 
the top into a style with stylar branches standing 
close together; each stylodium or each stylar branch 
with capitate stigma; ovary usually semi-inferior 
or sometimes inferior, rarely almost superior, with 
(1)2–4(-12) ovules per carpel. Dependent on the 
superior or almost inferior position of the ovary, 
nectarostomata are scattered on the ovary fl anks, or 
accumulated on the small hypgeneous part of the ovary 
(Quint and Classen-Bockhoff 2006b). Ovules pendu-
lous from the summit of the septum or near the top 
of the central axis of the ovary. Ovules anatropous, 
epitropous, unitegmic, crassinucellate, with ventral 
raphe. Female gametophyte of Polygonum-type. Fruit 
dry, commonly crowned by the persistent calyx, often 
indehiscent and achenelike or nutlike, 1-seeded, or the 
1–2-seeded carpels separating and opening along 
the ventral suture. Seeds with thin, exotestal seed 
coat, sometimes arillate, with minute, straight well 
differentiated embryo at the base of copious, fl eshy 
endosperm. Present proanthocyanidins and myricetin. 
n = 10–11, 16 (Staavia), (21, 23).

Evidently belong to the Asteridae, probably related 
to the Desfontainiales. According to Albach et al. 
(2001) and Bremer et al. (2001, 2002), Bruniaceae are 
sister to the Neotropical families Collumelliaceae and 
Desfontainiaceae.

1. BRUNIACEAE

Berchtold et J. Presl 1820 (including Berzeliaceae 
Nakai 1943). 12/75. Southern coastal regions of South 
Africa, almost completely restricted to the Cape 
Province.

Classifi cation after M. Quint and R. Classen-
Bockhoff (2006a).

linconieae: Linconia; audouinieae: Audou inia, 
Thamnea, Tittmannia; brunieae: Raspalia, Nebelia, 
Staavia, Pseudobaeckea, Mnio thamnea, Brunia, 
Lonchostoma, Berzelia.
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Order 108. LOASALES (HYDRANGEALES)

Trees, shrubs, sometimes lianas, subshrubs, or peren-
nial or annual herbs. Indumentum consists of a wide 
variety of characteristic trichomes. Woods range from 
relatively soft to quite succulent. Vessels with scalari-
form, scalariform and simple, or (Loasaceae) basically 
with simple perforations, but altered versions of sca-
lariform plates or plates with other aberrant confi gura-
tions, lateral pitting various, sometimes laterally 
elongate. Fibers with large or small bordered pits. Rays 
usually heterogeneous to homogeneous, rarely almost 
wanting. Axial parenchyma basically diffuse or vasi-
centric, rarely absent. Sieve-element plastids are of 
S-type. Nodes mostly trilacunar. Leaves alternate or 
opposite, simple, entire or variously divided, estipulate 
or pseudostipulate. Stomata anomocytic or paracytic. 
Flowers in cymose or rarely racemose infl orescences, 
spicate or capitate, less often solitary, usually bisexual, 
actinomorphic. Sepals 4–5 (rarely 6–12), mostly con-
nate into a tube, imbricate or valvate, persistent. Petals 
4–5 (rarely 6–12), free or sometimes more or less con-
nate, imbricate, contorted or valvate, Stamens (1)2 to 
several, or numerous (up to 300), free or basally con-
nate into a short tube or fascicled or adnate to the 
corolla tube, anthers basifi xed or dorsifi xed, versatile, 
introrse or latrorse, tetrasporangiate, opening longitu-
dinally. Tapetum secretory. Microsporogenesis simul-
taneous. Pollen grains 2-celled or 3-celled, 3-colpate 
or 3-colporate. Gynoecium of (2)3–5(-12) usually 
united carpels; stylodia free or shortly connate below; 
ovary mostly inferior or nearly inferior, plulocular to 
1-locular, with one to several, or numerous, anatropous 
to hemitropous, pendulous or ascending ovules in 
each locule, or in each intruded parietal placenta. 
Ovules unitegmic, tenuinucellate, rarely (Loasaceae 
– Petalonychoideae and Gronovioideae) crassinucel-
late, with endothelium. Female gametophyte of 
Polygonum-type. Endosperm cellular, with micropylar 

and chalazal haustoria. Fruits septicidal or loculicidal 
capsules, often ribbed, or sometimes indehiscent. Seeds 
often minute, winged or not, exotestal, with straight or 
curved embryo; endosperm copious, fl eshy and oily, 
or (Gronovioideae) endosperm scanty or wanting. 
Producing various iridoid compounds (Weigend et al. 
2000; Rodriguez et al. 2002), proanthocyanidins, 
 fl avonols, and coffeic acids; n = 6–18 to 37.

The Loasales probably originated from the cunon-
ialean stock. However, they are only distantly related 
to the Cunoniales (see Morgan and Soltis 1993).

Key to Families
1 Tanniniferous. Evergreen or deciduous, small trees 

or shrubs, sometimes lianas, subshrubs, or rhizoma-
tous herbs. Indumentum of stellate hairs, long, uni-
cellular trichomes or (Broussaisia) tufted trichomes. 
Often with raphid sacs in both leaf and axis. Vessels 
typically with scalariform perforations that have 
20–90 thin bars, but sometimes with both scalari-
form and simple plates or rarely even all simple; 
lateral pitting scalariform to opposite or rarely alter-
nate. Fibers typically with large or small bordered 
pits, but sometimes with simple pits, sometimes 
septate. Rays heterogeneous or less often homoge-
neous. Axial parenchyma absent, or more often dif-
fuse and scanty vasicentric. Nodes trilacunar or 
sometimes multilacunar. Leaves generally opposite, 
entire or dentate, or sometimes lobed, glandular 
leaf teeth occur in Decumaria, Deutzia, and 
Philadelphus, estipulate. Stomata anomocytic or 
paracytic. Infl orescences cymose or corymbose, 
sometimes heads, or racemes by abortation, rarely 
fl owers solitary. Flowers usually conspicuous, all 
equal or marginal ones sterile and with enlarged 
sepals, bisexual or rarely (Broussaisia) polygamo- 
dioecious. Sepals 4–5(-12), mostly connate into a 
tube, lobes valvate or imbricate. Petals 4–5(-12), 
free, valvate, imbricate or contorted. Stamens 
(1)2-several times as many as petals, sometimes as 
many as 50 or even (Carpenteria) up to 200; fi la-
ments free or slightly connate at base; anthers bas-
ifi xed or dorsifi xed, versatile, introrse or latrorse. 
Pollen grains 3-colpate (some species of Hydrangea) 
or 3-colporate. Gynoecium of (2)3–5(-12) carpels; 
stylodia free or shortly connate below, the branches 
often stigmatic for much of their length or seldom 
the style short, with distinct stigmas or a capitate, 
nearly lobed stigma; ovary inferior or less often 
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superior or semi-inferior, plurilocular to unilocular, 
with one to several or numerous, anatropous, 
pendulous or ascending ovules in each locule or on 
each intruded parietal placenta. Epigynous disk 
usually present. Fruits septicidal or more often loc-
ulicidal capsules or sometimes (Dichroa, 
Broussaisia) berries. Seeds winged or not; embryo 
large, straight, surrounded by fl eshy endosperm, 
sometimes with aril (Whipplea, Fendlerella – 
Hufford 1995; Lobova 2000); exotestal cell signi-
fi ed. Present rare iridoid compounds (deutziosideas), 
seco-iridoids and loganin, proanthocyanidins (cyani-
din or delphinidin), fl avonols  (kaempferol, myrice-
tin, fl avonols), n = 13–18.. . . . .1. hydrangeaceae.

1 Non-tanniniferous perennial or annual herbs, coarse, 
erect or twining, less often shrubs or very rarely 
(Mentzelia arborescens) small and succulent trees 
or (Fuertesia) woody lianas. Indumentum consists 
of a wide variety of characteristic trichomes, some 
of which are elongated, silicifi ed, bristly stinging 
hairs fi lled with a yellowish irritant substance in the 
hairs themselves or the surrounding basal cells; the 
irritant substance is readily liberated owing to the 
brittleness of the hairs; glandular hairs with uniseri-
ate stalks and uniseriate heads frequently contain 
cystoliths. Woods range from relatively soft to quite 
succulent. Vessels basically with simple perfora-
tions, but sometimes (in Loasa picta and Mentzelia 
humilis) altered versions of scalariform plates or 
plates with other aberrant confi gurations were 
observed by Carlquist (1984); lateral pitting vari-
ous, sometimes laterally elongate or even scalari-
form-like. Fibers with bordered pits, but sometimes 
with vestigial borders on pits. Rays tall and wide, 
predominantly multiseriate, heterogeneous to 
homogeneous, rarely almost wanting. Axial paren-
chyma basically diffuse, rarely absent 
(Presliophytum), or vasicentric (Plakothira frute-
scens). Leaves alternate or opposite, simple, entire 
or variously divided, estipulate or pseudostipulate. 
Stomata anomocytic. Flowers in cymose or rarely 
racemose infl orescences, spicate or capitate, less 
often solitary, bisexual, actinomorphic. Sepals 4–5 
(rarely 6–7), connate; calyx tube adnate to the ovary, 
often ribbed, the ribs sometimes spirally twisted; 
lobes imbricate or valvate, persistent. Petals 4–5 
(rarely 6–7), inserted on the calyx, sessile or clawed, 
imbricate, contorted or valvate, free or sometimes 
more or less connate. Stamens commonly numer-

ous (up to 300), less often 10 in two cycles or only 
fi ve or only two fertile, free or basally connate 
into a short tube or fascicled or adnate to the 
corolla tube, sometimes with nearly sessile anthers 
on the corolla tube; some of the stamens often mod-
ifi ed into petaloid, scalelike, or nectariferous sta-
minodia; anthers basifi xed. Pollen grains 
3-colporate, tectate-columellate, with striate-reticu-
late, striate, or, more rarely, shallowly reticulate 
tectum. Gynoecium of 5–3, rarely of 6–7 united 
carpels, with simple style; ovary inferior or nearly 
inferior, 1-locular often with more or less deeply 
intruded parietal placentas, rarely fully partitioned, 
with 1-many ovules on each placenta; in 
Gronovioideae pseudomonomerous, with a solitary 
pendulous apical ovule. Ovules anatropous to 
hemitropous, unitegmic with a fairly long micro-
pyle, tenuinucellate, with endothelium; in 
Gronovioideae and Petalonychoideae ovules crassi-
nucellate, in many genera ovules with cup-shaped 
funicula-projections. Female gametophyte of 
Polygonum-type. Endosperm cellular, with aggres-
sive micropylar and chalazal haustoria. Fruits septi-
cidal or loculicidal capsules, often ribbed, or 
sometimes indehiscent. Seeds often minute, exot-
estal, with straight or curved embryo surrounded by 
copious, oily, thin-walled endosperm or 
(Gronovioideae) endosperm scanty or wanting. 
Producing quercetin, coffeic acid, and verious iri-
doid compounds (Weigend et al. 2000; Rodriguez 
et al. 2002), n = 6–15 to 37.  . . . . . . 2. loasaceae.

1. HYDRANGEACEAE

Dumortier 1829 (including Hortensiaceae Berchtold 
et J. Presl 1820; Kirengeshomaceae Nakai 1943; 
Philadelphaceae Martynov 1820). 17/250. Subtropical 
and warm-temperate regions of the Northern Hemi-
sphere, especially eastern Asia (mainly China) and 
North America; a few species in Southeast Asia and in 
the Andes, from Mexico to southern Chile.

1.1 PHILADELPHOIDEAE
Indumentum mostly of stellate hairs. Flowers in termi-
nal cymes or racemes, rarely solitary. Filaments often 
with elongate lateral teeth at apex. – philadelpheae: 
Carpenteria, Fendlerella, Fendlera, Jamesia, Philade-
lphus, Whipplea; deutzieae: Deutzia.
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1.2 HYDRANGEOIDEAE
Indumentum of simple hairs or absent. Flowers in 
cymose infl orescences, sometimes corymbose or 
 capitate, or pseudoracemose by reduction. Filaments 
not toothed. – hydrangeae: Hydrangea, Platycrater, 
Decumaria, Pileostegia, Schizophragma; DICHROEAE: 
Dichroa, Broussaisia; cardiandreae: Cardiandra, 
Deinanthe.

1.3 KIRENGESHOMOIDEAE
Indumentum of 2-armed hairs. Leaves palmatifi d. Flowers 
in tornately branched terminal and axillary paniculate 
cymes. Filaments not toothed. – Kirengeshoma.

The monotypic genus Kirengeshoma (southern Japan, 
Korea, temperate China) occupies a rather isolated 
position. Typically, it strongly differs from other mem-
bers of the family in that its indumentum consists of 
2-armed hairs; it has 15 stamens in three cycles, its three 
antipodal cells become binucleate and function as haus-
toria, and its seeds are winged and anatomically differ 
from those of the rest of Hydrangeaceae (Krach 1976). 
Besides, its pollen grain has a unique complete tectum 
associated with partial tectum (Hideux and Ferguson 
1976). However, according to Hideux and Ferguson, a 
transitional state between a complete tectum and perfo-
rate tectum (a sparsely, perforated, unsculptured tectum) 
occurs in Anopterus macleyanus and Polyosma. Also, 
Kirengeshoma has many features in common with the 
tribe Cardiandreae, and serologically it is very close to 
Hydrangea (Grund and Jensen 1981).

2. LOASACEAE

A.L. de Jussieu 1804 (including Cevalliaceae Grise-
bach 1854; Gronoviaceae Endlicher 1841). 20/300. 
Temperate, subtropical, and tropical regions of America 
from southwestern Canada to Argentina and Chile, and 
West Indies, Galapagos Islands, with only two genera 
in the Old World – Plakothira (Marquesas) and Fissenia 
(F. capensis in southwestern Africa and F. arabica in 
Somalia, northeastern Ethiopia, and southern and south-
western parts of the Arabian peninsula).

Classifi cation after M. Weigend (2004).

2.1 LOASOIDEAE
Leaves opposite below and alternate above or opposite 
throughout; stinging hairs sometimes present. Fertile 
stamens numerous, arising with centrifugal matura-

tion, rarely fewer and opposite the petals. Staminodia 
absent. Ovules numerous to three, on parietal 
(sometimes subapical) placentas, n = 6. – loaseae: 
Chichicaste, Huidobria, Presliophytum, Aosa, 
Blumenbachia, Loasa, Caiophora, Scyphanthus, Nasa; 
kissenieae: Fissenia (Kissenia); klaprothieae: 
Klaprothia, Plakothira, Xylopodia.

2.2 MENTZELIOIDEAE
Leaves opposite below and alternate above, with 
scabrid-glochidiate trichomes, sometimes with sting-
ing hairs. Stamens numerous, arising with centripetal 
maturation. Staminodia, if present, petaloid and free to 
base. Ovules three to numerous, n = 7. – Mentzelia, 
Eucnide, Schismocarpus.

2.3 GRONOVIOIDEAE
Leaves always alternate, always with glochidiate 
trichomes, sometimes with stinging hairs. Infl orescences 
terminal thyrsoids. Fertile stamens 4–5, alternating 
with the petals. Staminodia absent. Ovules solitary, 
pendulous from an apical placenta. – Cevallia, 
Gronovia, Fuertesia.

2.4 PETALONYCHOIDEAE
Leaves alternate with glochidiate hairs with short, spread-
ing branches, without stinging hairs. Infl orescences termi-
nal racemes. Fertile stamens reduced to two. – Petalonyx.

Related to the Hydrangeaceae, see Fan and Xiang 
(2003) and Weigend (2004), Soltis et al. (2006).
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Order 109. CORNALES

Trees or more often shrubs, sometimes ericoid shrubs 
(Grubbiaceae), rarely rhizomatous herbs. Hairs simple, 
unicellular. Vessels mostly with scalariform perfora-
tions usually with many bars; lateral pitting scalari-
form or opposite. Fibers typically with large, often 
conspicuous bordered pits. Rays markedly heteroge-
neous. Axial parenchyma typically apotracheal. Sieve-
element plastids of Ss-, or less often So-, and Pcs-types. 
Nodes trilacunar. Leaves alternate or more often oppo-
site, simple, mostly entire, estipulate. Stomata usually 
anomocytic. Flowers small, in various types of cymose 
infl orescences, usually bisexual, actinomorphic or very 
rarely slightly zygomorphic, 4-merous or less often 

5-merous. Calyx adnate to ovary, 4–10 lobes or teeth 
or obsolete. Petals free or rarely basally connate, imbri-
cate or valvate, reduced or wanting in female fl owers. 
Stamens as many as and alternate with petals or less 
often twice or even three or four times as many as the 
petals, mostly attached to or around the edge of epigy-
nous nectary disc; fi laments free; anthers tetrasporan-
giate, opening longitudinally. Tapetum secretory. 
Microsporogenesis simultaneous. Pollen grains 
2-celled, 3-colporate or of 3-colporate-derived type. 
Nectary disc usually present. Gynoecium of 2–9 
(mostly two) united carpels; stylodia more or less free 
or united into a style with a lobed or capitate stigma; 
ovary inferior, with one pendulous ovule per locule. 
Ovules anatropous or rarely (some species of Cornus) 
hemitropous, apotropous, or epitropous, unitegmic, 
crassinucellate or (Nyssaceae and some species of 
Cornus) tenuinucellate, often with endothelium. 
Female gametophyte usually of Polygonum-type, 
rarely (some species of Cornus) tetrasporic and then 
usually of Fritillaria-type. Endosperm cellular 
(Davidiaceae, Nyssa aquatica, Alangium chinense, 
Cornaceae, Grubbiaceae) or nuclear (Nyssaceae, 
Alangium lamarckii). Fruits drupes. Seeds small to 
medium-sized, exotestal, with small to rather large 
embryo; endosperm usually copious. Usually contain 
iridoid compounds, mostly cornin, and gallic and 
ellagic acids (and corresponding tannins).

Cornales are so close to the Loasales, that the 
boundary between them is almost conventional. The 
most archaic cornalean family is Davidiaceae.

Key to Families
1 Gynoecium of (6)7(-10) carpels. Nectary disc 

absent. Deciduous trees. Vessel elements very long, 
with very slanting end walls and scalariform perfo-
rations with 60–100 thin bars; lateral pitting oppo-
site or less often transitional. Fibers with distinct 
bordered pits in both radial and tangential walls. 
Axial parenchyma diffuse(-in-aggregates). Rays 
heterogeneous with long ends. Crystals absent. 
Leaves alternate, cordate at base, acuminate, ser-
rate-dentate, pinnately veined with 3–7 subbasal 
veins, usually  silky-pubescent below when young. 
Flowers andromonoecious, apetalous, in terminal 
globose heads subtended by two (rarely three) large, 
creamy-white, subopposite spreading bracts; male 
fl owers numerous, scarcely distinct in dense head, 
bisexual fl ower solitary in the head, laterally placed 
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obliquely above the middle of the axis. Male fl ow-
ers completely devoid of perianth and consist of 
(1-)5–6(-12) stamens with slender, elongate fi la-
ments and small introrse anthers. Pollen grains 
3-colporate. Bisexual fl owers: calyx adnate to the 
ovary and with much reduced limb; stamens 15–26, 
mostly 21, arranged around the base of style; style 
short, thick, conical, with 6–10 spreading stigmas; 
stigmas sulcate and papillose on their adaxial side; 
ovary 6–10-locular, with one ovule per carpel. 
Endothelium present. Fruits drupaceous, with 
granular mesocarp and bony longitudinally sulcate 
(1–2) 3–5-seeded endocarp. Seeds with large 
embryo subequal to fleshy, oily endosperm. 
Contain gallic and ellagic acids (and correspond-
ing tannins), n = 20, 21. . . . . . . . 1. davidiaceae.

1 Gynoecium of two or less often (Curtisiaceae) four 
carpels. Nectary disc present. Petals mostly present.
2 Petals (when present) imbricate, small. Trees and 

shrubs. Hairs simple, unicellular, sometimes with 
granular surface, together with variously shaped 
unicellular glands on leaves. Vessels with sca-
lariform or scalariform-reticulate perforations 
that have numerous (17–50) thin bars; lateral pit-
ting opposite or scalariform. Fibers with dis-
tinctly bordered pits in both radial and tangential 
walls, occasionally (in some species of Nyssa) 
septate, or with dark purple deposits. Rays het-
erogeneous, with short ends. Axial parenchyma 
diffuse, but in Nyssa occasionally scanty paratra-
cheal. Prismatic crystals present (Noshiro et Baas 
1998). Leaves alternate, entire or denticulate, 
pinnately veined. Flowers small, greenish-white, 
polygamous, polygamo-dioecious, or dioecious, 
in terminal panicles of globose heads 
(Camptotheca) or (Nyssa) male fl owers crowded 
in axillary, short racemes, umbels, or heads, 
bisexual and female fl owers in few-fl owered 
heads or solitary by reduction. Calyx represented 
by a minute, 5-dentate or irregularly toothed rim, 
or virtually obsolete. Petals fi ve or rarely more, 
small, imbricate, in female fl owers sometimes 
wanting. Stamens in male fl owers (5-) 10(16), 
often 2-seriate; fi laments elongate, subulate; 
anthers small, introrse or latrorse. Pollen grains 
3-colporate. Nectary disc in male fl owers fl eshy, 
pulvinate. Rudimentary gynoecium wanting, or 
less often there is a very small subulate rudiment 
in the middle of the disc. Stamens in bisexual 
fl owers as many and alternate with the petals or 

wanting; anthers fertile or sterile. Gynoecium 
usually pseudomonomerous; 1-locular, with one 
pendulous ovule, but in Nyssa there sometimes 
occurs a gynoecium with a 2-locular ovary and 
two free stylodia; ovary is crowned at the top 
with broad pulvinate or conical nectary disc in 
the middle of which stands a recurved stylodium 
of the fertile carpel with decurrent stigma on its 
inner side (Nyssa) or a short, 2-fi d style 
(Camptotheca). Endothelium absent. Fruits 
drupaceous (Nyssa) or shortly subsamaroid 
(Camptotheca). Seeds with short, straight embryo 
and copious endosperm; radicle short. Contain 
gallic and ellagic acids, alkaloid camptothecin 
(Camptotheca), and corresponding tannins, n = 
21 (Camptotheca), 22 (Nyssa). . . 2. nyssaceae.

2 Petals valvate.
3 Leaves strongly serrate, more or less fl at. 

Evergreen trees. Branchlets, petioles, and infl o-
rescences with stellate hairs. Resin ducts absent. 
Wood diffuse-porous. Vessels with scalariform 
perforations that have 26–39 bars; lateral pit-
ting opposite, without vestures. Fibers with dis-
tinctly bordered pits. Rays heterogeneous. 
Axial parenchyma diffuse to diffuse-in-aggre-
gates. Prismatic crystals common in ray cells 
(Noshiro et Baas 1998). Leaves opposite, 
coarsely dentate, coriaceous, shiny above, more 
or less  ferrugineo-tomentose below. Flowers 
minute, in  many-fl owered, terminal trichoto-
mously branched tomentose thyrses, bisexual 
or rarely (Afrocrania) dioecious, bracteolate. 
Calyx tube turbinate, 4-lobed, lobes open. 
Petals four, triangular-ovate. Stamens four, 
alternipetalous; fi laments subulate; anthers cor-
date at the base, introrse. Pollen grains small, 
3-colporate, tectum complete with pseudoper-
forations, or H-shaped. Intrastaminal disc 
broad,  4-angled, densely barbate. Ovary infe-
rior, 4-locular, ovule one per locule. Style short, 
subconical, glabrous, with 4-lobed stigma; 
Fruits small, subglobose,  4-locular, 4-seeded 
drupes arcolate at the apex, crowned by the 
calyx. Seeds elongate- oblong, subcylindric, 
with elongate embryo in copious endosperm. 
Contain tannins, proanthocyanins, ellagitannins 
and iridoids, n = 13. . . . . . . . .4. curtisiaceae.

3 Leaves entire.
4 Infl orescences capitate or cone-like, compound 

of dichasia. Evergreen ericoid shrubs; hairs 
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unicellular. Leaves opposite-decussate, estipu-
late. Flowers in small axillary 3(2)-fl owered 
dichasia or in many-fl owered conelike com-
pound dichasia, the ovaries coherent or connate. 
Flowers subtended by bracts and provided with 
two prophylls. Sepals four, free, valvate, hairy 
on outer surface. Petals absent. Stamens eight, 
half of them alternate with the sepals, and the 
other longer ones are opposite and slightly 
adnate to their bases; anthers medifi xed or bas-
ifi xed, inverted, opening longitudinally along 
the lateral C-like line; peripheral microsporan-
gia nonfunctional, vestigial. Pollen grains 
3-colporate, psilate. Disc epigynous, papillate 
to shortly hairy. Gynoecium of two carpels; 
style unbranched, with two short apical lobes; 
ovary  inferior, at fi rst 2-locular, but later 
becoming incompletely 1-locular, with two 
ovules pendulous from the summit of the sep-
tum. At the cotyledonary stage the massive cel-
lular endosperm shows chalazal and micropylar 
haustoria (Fagerlind 1947). Fruits 1-seeded 
drupes that connate forming a dense frutes-
cence. Seeds with thin seed coat and large, 
straight, cylindrical embryo surrounded by the 
copious, oily endosperm. Contain  tannins but 
there are negative reports of fl avonoids and iri-
doids (Kubitzki 2004). . . . . . 5. grubbiaceae.

4 Infl orescences thyrso-paniculate.
5 Ovules epitropous (with a ventral raphe and 

micropyle directed upwards). Evergreen trees. 
Resin ducts with secretory epithelium present 
in vegetative organs and in fruits. Hairs uni-
cellular, two-armed. Wood diffuse-porous. 
Vessels with scalariform perforations that have 
numerous bars (34–66); lateral pitting oppo-
site-scalariform, without vestures. Fibers with 
distinctly bordered pits in both radial and tan-
gential walls. Rays heterogeneous with long 
ends. Axial parenchyma apotracheal in narrow 
bands. Crystals absent (Diplopanax) or 
(Mastixia) prismatic crystals occasionally 
present in body ray cells (Noshiro et Baas 
1998). Leaves alternate or opposite, entire, 
coriaceous, pinnately veined. Flowers small, 
usually in terminal many-fl owered compound 
dichasia, bisexual; pedicels 2-bracteolate, 
articulated. Calyx campanulate, 4–5-dentate, 
open. Petals 4–5, coriaceous, infl exed at the 
apex and fi mbriate or 2-dentate. Stamens 4–5, 

alternipetalous, inserted at the base of fl eshy, 
intrastaminal tetragonous or pentagonous 
nectary disc; fi laments short; anthers introrse. 
Pollen grains 3-colporate, sometimes 4-colpo-
rate, with complete or partially perforate tec-
tum. Gynoecium pseudomonomerous; style 
short, thick, with punctiform or rarely 2-lobed 
stigma; ovary 1-locular. Fruit drupes with 
grooved endocarp. Seeds with small embryo in 
copious endosperm. Contain  gallic and ellagic 
acids (and corresponding tannins), unidentifi ed 
iridoids reported from leaf tissue (Bate-Smith 
et al. 1975), n = 11, 13.  . . . . 3. mastixiaceae.

5 Ovules apotropous (with a dorsal raphe and 
micropyle directed downward).
6 Leaves opposite or rarely (in Swida) alternate. 

Evergreen or deciduous trees and shrubs, rarely 
rhizomatous herbs with annual stems, provided 
with characteristic two-armed hairs. Plants 
without laticifers. Vessels with scalariform 
perforations that usually have 14–71 bars. 
Fibers with distinctly bordered pits in both 
radial and tangential walls, without  vestures. 
Rays heterogeneous. Axial parenchyma usu-
ally diffuse or diffuse-in-aggregates. Crystals 
rare: prismatic crystals in Cornus peruviana, 
together with druses in some species (Noshiro 
et Baas 1998). Leaves entire. Flowers small, in 
terminal, cymose infl orescences, paniculate, 
corymbose umbellate or capitate (the latter 
sometimes subtended by a whorl of large peta-
loid bracts), bisexual or rarely (Afrocrania) 
dioecious. Calyx with four small teeth around 
the summit of the ovary or entire. Petals four. 
Stamens four, alternipetalous, around the edge 
of pulvinate, intrastaminal nectary disc; anthers 
oblong or ellipsoid, dorsifi xed. Pollen grains 
3-colporate, with H-shaped columellae or tec-
tum complete with short supratectal spines, of 
which at least some are prolongations of the 
columellae, sometimes perforate. Style fi liform 
to columnar, with capitate or truncate stigma; 
ovary 2-locular, with one ovule per locule. 
Fruits drupes, areolate at apex, with bony or 
crustaceous, 2-locular endocarp. Seeds oblong, 
compressed, with membranous testa, elongate 
embryo and fl eshy endosperm; seed-coat thin-
walled and crushed. With iridoid compounds 
but without  isoquinoline alkaloids and petrose-
linic acid. Contain gallic and ellagic acids (and 
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corresponding tannins), n = 9–11, or (C. 
canadensis) 22.. . . . . . . . . . . . .6. cornaceae.

6 Leaves alternate. Small trees or less often 
shrubs or woody lianas, sometimes thorny. 
Hairs somewhat diverse, sometimes stellate and 
glandular; the Madag ascan species Alangium 
grisolleoides has 2-armed hairs. Articulate 
laticifers present in various tissues of the shoot. 
Vessels mostly with simple perforations, but in 
section Constigma they are scalariform with 
7–16 bars; lateral pitting alternate and dense. 
Fibers mostly with minutely bordered pits, or 
with simple pits and slit-like abertures in sec-
tion Constigma. Rays heterogeneous with long 
ends. Axial parenchyma diffuse or diffuse-in-
aggregates. Prismatic crystals usually conspic-
uous in both ray cells and axial parenchyma 
(Noshiro et Baas 1998). Leaves entire or lobed, 
pinnately or palmately veined, often some of 
the cells of the mesophyll containing cluster 
crystals and appearing as translucent dots. 
Flowers in axillary cymes, bisexual or rarely 
unisexual (A.grisolleoides dioecious). Calyx 
with 4–10 lobes or teeth or truncate. Petals 
4–10, linear or strap-shaped, valvate or rarely 
contorted, hairy within, sometimes connate at 
base, fi nally recurved or revolute. Stamens 
4–40, arranged in a single cycle around a con-
spicious, pulvinate, or sometimes almost hemi-
spherical nectary disc; fi laments free or slightly 
connate at base, sometimes adnate to the petals 
at base, more or less barbate or villose on inner 
side; anthers more or less linear, introrse, bas-
ifi xed or more rarely dorsifi xed and versatile 
and widely sagittate. Pollen grains 3–4(-8)-col-
porate or porate. Style elongate, fi liform with 
clavate, 2–4-lobed or more or less capitate 
stigma or rarely style short and with two elon-
gate, ventrally stigmatic branches; ovary 2-loc-
ular or more often 1-locular. Endothelium 
present. Fruits drupes crowned by calyx and 
disc and with crustaceous or woody endocarp, 
1-locular or less often 2-locular, each locule 
with one seed or one  locule empty. Seeds with 
large, straight embryo, foliaceous cotyledons, 
and elongate hypocotyl; endosperm copious, 
oily, and also with reserves of hemicellulose; 
seed-coat thin-walled. Without iridoid com-
pounds but commonly producing isoquino-

line (emetine) alkaloids (alangiside and 
tubulosin), n = 8, 9, 11. . . . . 7. alangiaceae.

1. DAVIDIACEAE

H.L. Li 1955. 1/1. Southwestern and central China.
Davidia
In spite of very specialized inflorescences and 

reduced perianth, Davidia is characterized by very 
primitive wood structure and multicarpellate gynoe-
cium. We may therefore agree with Eyde (1967: 
167) that «with respect to these characters Davidia 
is the nearest living thing to the common ancestor 
of Cornus and Nyssa». Usually Davidia is included 
in Nyssaceae, but from Nyssa and Camptotheca it 
differs not only in morphology of inflorescences 
and flowers (including the absence of the nectary 
disc), crassinucellate ovules with endothelium and 
some other embryological characters (Kamelina 
and Shevchenko 1988) but also palyno logically 
(Eramian 1971), chemically (Bate-Smith et al. 
1975), and serologically (Fairbrothers 1977).

2. NYSSACEAE

A.L. de Jussieu ex Dumortier 1829. 2/9. Eastern 
Himalayas, Assam (Khasi Hills), continental China, 
Southeast Asia, eastern North America. Camptotheca 
(1) is endemic to eastern Tibet and southwestern and 
central China.

Nyssa, Camptotheca
Related to the Davidiaceae but in some respects 

more advanced.

3. MASTIXIACEAE

Calestani 1905. 2/c.20. Sri Lanka, southwestern and 
northeastern India, eastern Himalayas, northern Burma, 
southwestern and southern China, Hainan Indochina, 
Andaman Islands, Malesia, New Guinea New Britain, 
Solomon Islands. Diplopanax (2) is distributed in China 
(Guangdong, Guangxi, Guizhou and Yunnan) and 
northern Vietnam.

Diplopanax, Mastixia
Differ from the Nyssaceae and Cornaceae and 

related families in chemical features (Bate-Smith et al. 
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1975), presence of secretory canals, presence of fi bers 
in the secondary phloem, complete absence of collen-
chyma in primary cortex, presence of cortical bundles, 
and pollen grain morphology. Mastixiaceae, especially 
the genus Diplopanax, have some features in common 
with the Araliaceae, including epitropous ovules and 
secretory canals. According to Eyde (1988), the Nyssa-
like ribbing of fossil Mastixiopsis makes it a likely 
common ancestor of nyssoids and mastixioids.

4. CURTISIACEAE

Takhtajan 1987. 1/1–2. From the Cape peninsula east-
ward to Natal and from there to the north through the 
Transvaal into the mountains of eastern Zimbabwe.

Curtisia
Curtisia is usually included in Cornaceae, but it 

markedly differs from them in pollen morphology 
(Eramian 1971; Ferguson 1977; Ferguson and Hideux 
1978), epitropous ovules, 4-locular ovary and fruit, and 
pyrenes that have vascular bundles running up the mid-
dle («no such bundles occur among the living members 
of the true Cornaceae» states Eude [1988: 309]). On the 
basis of chromosome number n = 13, Goldblatt (1978) 
suggests a common ancestry for Curtisia and Mastixia.

5. GRUBBIACEAE

Endlicher 1839. 1/3 (including Ophiraceae Arnott 
1841). Cape Province and ranges from the Cape 
Peninsula to the Uniondale District in the east and the 
Clanwilliam District in the northwest.

Grubbia
Rather closely related to Curtisiaceae (Xiang 1999; 

Xiang et al. 2002; Kubitzki 2004).

6. CORNACEAE

Dumortier 1829. 4/55–60. Northern temperate regions 
and the Arctic, southern China, Central America, Peru, 
Bolivia, and tropical East Africa.

Swida (including Bothrocaryum) Cornus (includ-
ing Chamaepericlymenum), Afrocrania, Cynoxylon 
(including Dendrobenthamia).

The family Cornaceae as here defi ned is a very 
 natural unit. Morphologically, cytologically, and sero-

logically Cornaceae are nearest to Nyssaceae and 
Mastixiaceae. According to Eyde (1988: 317), 
“Cornus, Mastixia, Nyssa, Camptotheca, and Davidia 
are tied together by 11 basic chromosomes, by pollen 
similarities, by shared features of the fl ower – 
 epigynous disc, transseptal stands – and by fruit traits 
that square with origins inferred from fossils.”

7. ALANGIACEAE

A.P. de Candolle 1828. 1/20. Tropical Africa, 
Madagascar, eastern and tropical Asia, New Guinea 
and adjacent islands, eastern Australia, New Caledonia, 
Fiji.

Alangium
According to Eyde (1988), Alangium has fl owers, 

fruits, and ovules much like those of Cornus. It also 
has the same basic chromosome complement. It resem-
bles Cornaceae also in placentation of apotropous 
ovules. However, there are also important differences, 
including articulated laticifers, habit, leaf architecture, 
long, linear petals, pollen morphology, absence of iri-
doid substances, and presence of emetine alkaloids.
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Order 110. GARRYALES

Evergreen shrubs or sometimes small trees, usually 
provided with various unicellular trichomes or rarely 
glabrous. Nodes trilacunar. Wood diffuse-porous. 
Vessels with scalariform perforations; lateral pitting 
alternate-opposite. Fibers with bordered pits. Rays 
heterogeneous. Axial parenchyma usually diffuse or 
diffuse-in-aggregates and scanty paratracheal. 
Crystals absent. Sieve-element plastids of S-type. 
Leaves  opposite, simple, entire or subentire, coria-
ceous, leathery, estipulate. Stomata laterocytic or 
anomocytic. Infl orescences terminal, sometimes axil-
lary. Flowers small, unisexual (dioecious). Male 
fl owers: calyx almost obsolete appearing at the early 
stages of fl ower development as vestigial structures; 
petals four,  valvate, sometimes apically connate; sta-
mens four, alternipetalous, free; anthers basifi xed or 
dorsifi xed, tetrasporangiate, introrse or latrorse, open-
ing longitudinally. Nectary disc development or ves-
tigial. Tapetum secretory (amoeboid – Garrya). 
Pollen grains 2-celled, usually 3-colporate. Female 
fl owers: calyx tube ovoid, petals four, valvate. 
Gynoecium pseudomonomerous or monomerous, of 
one (Aucuba), two, rarely three carpels; ovary infe-
rior, 1-locular. Ovules 1–2, pendulous, anatropous, 
unitegmic, crassinucellate. Female gametophyte of 
Polygonum-type. Endosperm nuclear or cellular 
(Aucuba). Fruits baccate. Seeds rather small, with 
minute linear embryo and copious endosperm; 
Commonly producing iridoid compounds (notably 
aucubin) and highly toxic diterpenoid alkaloids. Lack 
both gallic and ellagic acid, but contain caffeic acid 
(chlorogenic acid), n = 8 (Aucuba), 11 (Garrya).

Markedly differ from the Cornales s.str. in the 
 infl orescence, anemophilous fl owers, the absence of 
endothelium, suspensor polyembryony, absence of 
gallic and ellagic acids, and presence of caffeic acid 
and aucubin. Its minute embryo and the presence in its 
seeds of petroselinic acid seems, according to Eyde 
(1988), to confi rm the long-postulated kinship of 
Garrya to Aucuba, which has been supported by rbcL 
sequence data (Xiang et al. 1993).
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Key to Families
1 Flowers in terminal, sometimes axillary, pendulous 

catlinlike or racemose infl orescences. Evergreen 
shrubs or sometimes small trees, usually provided 
with various unicellular trichomes or rarely glabrous 
(Carrya  glaberrima). Young stems tetragonal. Leaves 
fl at, petiolate (with the petioles united at the base), 
entire or dissected, sometimes pinnatifi d. Stomata lat-
erocytic. Flowers small, pendulous, silky-hairy, long 
stalked in the males and sessile in the females. Male 
fl owers: calyx almost obsolete appearing at the early 
stages of fl ower development as vestigial structures (a 
vestigial nectary disc); petals four, valvate, sometimes 
apically connate and hairy at the apex; stamens four, 
free; anthers elongate, basifi xed, introrse or latrorse. 
Pollen grains 2-celled, usually 3-colporate. Female 
fl owers: calyx tube completely adnate to the ovary, 
lobes four or two, very small or obsolete; petals seems 
wanting, but as the study of vascular system shows 
(Hallock 1930; Moseley and Becks 1955; Eyde 1964), 
the reduced corolla together with the calyx tube com-
pletely adnate to the ovary; no staminodia. Gynoecium 
pseudomonomerous, of two (rarely three) carpels, 
with two free subulate, spreading stylodia; ovules 
two, unitegmic (integument very massive), with an 
obturator and rather long funicle. Endosperm nuclear. 
Fruits 1–2- (rarely 3-)-seeded berries, crowned by 
persistent stylodia, becoming dry and thin-walled at 
maturity, but indehiscent or only tardily dehiscent. 
Seeds rather small, sarcotestal, oblong, compressed, 
with minute linear embryo near the apex of copious, 
starchy and horny endosperm; endosperm with high 
percentage of petroselinic acid and with reserves of 
hemicellulose. Commonly producing iridoid com-
pounds (notably aucubin) and highly toxic diterpe-
noid alkaloids,  contain caffeic acid (chlorogenic 
acid), n = 11.. . . . . . . . . . . . . . . . . . . 1. garryaceae.

1 Flowers in silky terminal or axillary compound 
dichasia. Small evergreen shrubs or herbs, glabrous 
or sparsely pilose. Branchlets rather thick, scarred 
with the fallen petioles. Vessels with 27–70 bars; 
lateral pitt ing rare, opposite, without vestures. 
Leaves petiolate, entire or dentate, shining. Stomata 
anomocytic. Male fl owers: calyx small, 4-dentate. 
Petals four, ovate to lanceolate, valvate, often with 
slender infl exed tip; stamens four, fi laments very 
short; anthers oblong, dorsifi xed, introrse. Nectary 
disc 4-angular, fl eshy. Pollen grains 3-colporate, 
intectate, psilate. Female fl owers: pedicel articu-

lated and 2-bracteolate; calyx tube ovoid or subcy-
lindrical, 4-dentate; petals as in the male. Gynoecium 
monomerous (ostensibly), or syncarpous (i.e. sup-
posedly ‘pseudomonomeric’), or eusyncarpous; 
style short, thick, with conspicuous, oblique, capi-
tate stigma; ovule solitary, pendulous, anatropous, 
with dorsal raphe. Endothelium differentiated. 
Endosperm cellular. Fruits 1-seeded, ovoid, scarlet 
baccate, crowned by the calyx teeth. Seeds with 
minute embryo at apex of copious endosperm; cot-
yledons short; radicle cylindrical; seed coat 
coloured, thin, undifferentiated, of 3–4 or six lay-
ers. Seeds contain petroselinic and coffeic (chloro-
genic) acids; leaves of Aucuba japonica contain 
fl avonols and fl avone glycosides, producing aucu-
bin and eucommioside, n = 8. . . . .2. aucubaceae.

1. GARRYACEAE

Lindley 1834. 1/14. Western North America from 
Washington to Panama, with one species in the Greater 
Antilles.

Garrya

2. AUCUBACEAE

J. Agardh 1858. 1/5. Eastern Himalayas, northern 
Burma, continental China, Taiwan, Ryukyu Islands, 
southern Korea, Japan.

Aucuba
H. Baillon (1879–1895) the fi rst proposed the 

close relationship between Garrya and Aucuba, 
which is strong supported by recent molecular stud-
ies (see Soltis et al. 2000, 2006; Savolainen et al. 
2000, and others).
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Order 111. EUCOMMIALES

Small, deciduous trees with sympodial branches; hairs 
micropapillate. The phloem and cortex of vegetative 
organs contain articulated (unicellular) laticifers that 
are particularly numerous in the leaves and produce 
gutta-percha. Nodes unilacunar. Pith lamellate. Vessels 
with simple perforation, but in vessels of the earliest 
secondary xylem the perforation is scalariform; lateral 
pitting alternate or less often intermediate between 
alternate and opposite; usually spirally thickenings 
present. Fibers with bordered pits. Rays homogeneous 
or slightly heterogeneous. Axial parenchyma diffuse, 
with some tendency to terminal. Sieve-element plas-
tids of S-type, with about ten starch grains. Buds usu-
ally with six scales. Leaves alternate, simple, serrate, 
pinnately veined (strikingly resembling in basic pat-
tern of secondary venation and extensive looping 
Stachyurus – Wolfe [1989]), estipulate. Stomata ano-
mocytic. Flowers in racemose infl orescences arranged 
on the proximal, bracteate part of a distally leafy shoot 
(and thus resembling intercalary infl orescence of 
Euptelea – Eckardt [1963]), short pedicillate in the 
axils of the bracts, but without bracteoles, dioecious, 
actinomorphic, without perianth. Male fl owers (4)5–10 
(up to 12 or sometimes more) stamens; fi laments very 
short, anthers linear, with apically prolonged connec-

tive, linear, basifi xed, tetrasporangiate, opening longi-
tudinally. Tapetum secretory. Microsporogenesis 
simultaneous. Pollen grains 2-celled, 3-colpate, with 
one of them narrowing in the equatorial region, and the 
other straight; exine atectate (with homogeneous 
ectexine), rather thick endexine and minutely spinu-
lose to verrucate exine ornamentation (Zavada and 
Dilcher 1986). Gynoecium pseudomonomerous, fl at-
tened, bifi d at apex, consisting of two carpels, one of 
which aborts; style one, very short (shorter than the 
ovary), recurved, with two unequal, ventrally stigmas. 
Ovary superior, 1-locular. Ovules two (but only one 
fertile), collateral, pendulous, anatropous, apotropous, 
with dorsal raphe, unitegmic, weakly crassinucellate. 
Female gametophyte of Polygonum-type. Endosperm 
cellular. Fruits samara, fl attened and winged, with thin 
epicarp, 1-seeded. Seeds with membranous testa, copi-
ous endosperm and large, straight, central embryo 
equal in length to the endosperm. Producing fl avonols 
(quercetin and kaempferol), various iridoid compounds 
(including aucubin, eucommioside), proanthocyani-
dins (cyanidin), saponins, and storing carbohydrate as 
inulin. Bark with condensed tannins, n = 17.

Close related to the Garryales (see Boros and 
Stermitz 1990, 1991; Soltis et al. 2000, 2006; Albach 
et al. 2001; Bremer et al. 2002)

1. EUCOMMIACEAE

Engler 1909. 1/1. Continental China.
Eucommia
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Order 112. DIPSACALES

Small trees, shrubs, more or less woody lianas, or 
herbs. Vessels with simple or less often scalariform 
perforations; lateral pitting commonly alternate. Fibers 
with bordered or simple pits. Sieve-element plastids of 
S-type. Nodes trilacunar or sometimes unilacunar, 
pentalacunar, or multilacunar. Leaves opposite or 
sometimes verticillate, simple or less often compound, 
estipulate or stipulate, but sometimes with stipulelike 
appendages; leaf mesophyll cells contain oil bodies. 
Stomata anomocytic, rarely paracytic or anisocytic. 
Flowers in various kinds of mostly cymose or mixed 
infl orescences, usually bracteolate, mostly bisexual, 
actinomorphic or zygomorphic, 4–5-merous. Calyx 
mostly small, often variously reduced or modifi ed. 
Corolla sympetalous, usually 5-lobed or 4-lobed by 
fusion of two, the lobes imbricate or sometimes val-
vate; corolla tube usually with a nectary consisting of 
one-celled epidermal hairs and an underlying nectary 
tissue. Stamens attached to the corolla tube or at the 
throat, as many as and alternate with the corolla lobes 
or fewer than the lobes. Anthers mostly tetrasporan-
giate, opening longitudinally. Tapetum amoeboid or 
secretory. Microsporogenesis simultaneous. Pollen 
grains 3-celled, mostly 3-colporate. Gynoecium of 2–5 
united carpels, with more or less connate stylodia; 
stigma capitate or lobed; ovary inferior or  semi-inferior, 
sometimes more or less pseudomonomerous, with 
one to many ovules per locule. Ovules anatropous, 
unitegmic, mostly tenuinucellate, with well developed 
endothelium. Endosperm cellular, usually without 
haustoria, rarely (Centranthus) with chalazal hausto-
rium. Female gametophyte of Polygonum-type, rarely 
Allium- or Adoxa-type. Fruits of various types. Seeds 
with small to large, straight embryo and with copious 
endosperm or rarely endosperm reduced to single layer 

of cells (most Valerianaceae). Producing iridoid com-
pounds and sometimes various kinds of alkaloids, 
sometimes somewhat tanniniferous.

Dipsacales are closely related to the Desfontainiales, 
especially to the Columelliaceae and Desfontainiaceae, 
which in some respects occupy in intermediate posi-
tion between these two orders.

Key to Families
1 Vessels mostly or always with scalariform 

perforations.
2 Ovary nearly semi-inferior; style short, 3-lobed. 

Deciduous or evergreen shrubs or small trees; 
hairs stellate and variants. Winterbuds naked or 
scaly. Fibers with bordered pits. Rays heteroge-
neous. Axial parenchyma apotracheal. Leaves 
opposite or rarely verticillate of three, entire, 
serrate-dentate or lobed, pinnately or palmately 
veined, sometimes with stellate hairs, estipulate 
or sometimes with small stipules adnate to the 
petiole. Stomata paracytic or anomocytic. 
Flowers small, usually with small caducous 
bracts and bracteoles, in terminal cymose infl o-
rescences, bisexual or in some species of 
Viburnum the marginal fl owers are neutral, with 
greatly enlarged, somewhat zygomorphic corolla. 
Calyx 5-lobed to minutely 5-toothed, persistent. 
Corolla sympetalous, rotate to campanulate or 
tubular, 5-lobed, lobes imbricate. Stamens fi ve, 
inserted on the corolla tube; anthers exerted. 
Pollen grains 3-celled, 3-colporate, semitectate 
to intectate, reticulate, with smooth muri. 
Gynoecium of three united carpels; stylodia con-
nate into a short, 3-lobed style; ovary 3-locular 
with one fertile locule and two abortive locules, 
or pseudomonomerous, with one pendulous 
ovule per locule. Nectary on the ovary roof. 
Ovules tenuinucellate to nearly crassinucellate 
(Suneson 1933). Female gametophyte of 
Polygonum- or Allium-type. Fruits drupaceous, 
crowned by persistent calyx and style, endocarp 
horny or stony, in cross section often undulate or 
with infl exed edges. Seeds large, oblong, usually 
compressed, with minute embryo; endosperm 
copious, subruminate from folded endocarp; 
seed coat 1-layered of large radially elongated 
cells, with thin or slightly thickened walls. 
Producing iridoid compounds, n = 8 or 9, mostly 
9. . . . . . . . . . . . . . . . . . . . . . . . 1. viburnaceae.
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2 Ovary inferior; style elongate, mostly with a cap-
itate stigma. Plants mostly woody, seldom herba-
ceous. Trees or shrubs, often woody lianas (ssp. 
of Lonicera), sometimes creeping shrublets 
(Linnaea) or rhizomatous herbs (Triosteum). 
Vessels mostly with scalariform perforations that 
sometimes have numerous bars; lateral pitting 
alternate to scalariform. Fibers with  bordered 
pits. Rays heterogeneous. Axial parenchyma 
apotracheal or paratracheal, diffuse. Nodes 
mostly trilacunar, rarely unilacunar. Leaves 
opposite or whorled, petiolate, simple, entire, 
serrate or dentate, stipulate (sometimes large – 
Leycesteria) or estipulate. Stomata usually ano-
mocytic. Flowers in various kinds of 
infl orescences, rarely (Triostem) solitary and 
axillary, bisexual, nearly actinomorphic (Weigela) 
or more or less zygomorphic. Sepals 4–5, rarely 
(Weigela) polysepalous, imbricate or open in 
bud. Corolla 4–5-lobed, lobes imbricate, tube 
often gibbous at the base. Stamens (2-)4–5, 
attached to the corolla tube or in the throat of the 
corolla tube; fi laments glabrous. Pollen grains 
(2)3(4)-colporate to perorate, tectate, psilate or 
spinulose. Gynoecium of 2–5(-8) carpels; ovary 
with one to many pendulous ovules per locule. 
Fruit capsules, drupes, or berries. Seed with 
rather small embryo and copious, fl eshy 
endosperm; seed coat of 1–5 layers, formed by 
differentiated thick-walled outer epidermis and 
subepidermal parenchyma (Plisko 2000). 
Alkaloids present or absent, iridoids detected, 
mostly present kaempferol and quercetin, n = 8–12, 
16, 18, mostly 9.  . . . . . . . . . 4. caprifoliaceae.

1 Vessels with simple or sometimes with scalariform 
perforations.
3 Female gametophyte of Polygonum-type.

4 Flowers without epicalyx or involucel. Perennial 
or annual herbs, sometimes woody at base, with 
characteristic fetid odor caused by the monoter-
penoid and sesquiterpenoid ethereal oil cells, 
which are especially abundant in the outer part 
of the cortex and cork of the rhizomes and roots. 
Hairs include simple and glandular types. 
Vessel elements extremely small, with simple 
perforations; lateral pitting alternate. Fibers 
with simple or narrowly bordered pits. Rays are 
composed almost entirely of square or upright 
cells. Axial parenchyma absent. Nodes trilacu-

nar. Leaves opposite, often in basal rosettes, 
entire to pinnatifi d or four pinnately divided, 
the base often sheathing. Stomata anomocytic, 
rarely anisocytic. Flowers usually small, in 
compound dichasial cyme or monochasium 
with many fl owers, sometimes congested into 
heads, bracteate and usually bracteolate, bisex-
ual or sometimes polygamous or unisexual and 
then usually dioecious, more or less asymmetri-
cal or less often (Nardostachys and Patrinia) 
nearly actinomorphic, usually 5-merous. Calyx 
in Nardostachys relatively well developed and 
5-lobed, but in other genera the limb is vari-
ously reduced, sometimes represented by 
inconspicuous teeth or even epigynous rim, 
often considerably modifi ed in fruit (as in 
Valeriana and Centranthus) into a plumose 
pappus or (as in some species of Valerianella) 
becoming coroniform or infl ated. Corolla from 
nearly actinomorphic to more or less strongly 
zygomorphic, usually tubular, often with a long 
tube (particularly strongly developed in 
Centranthus), (3-)5-lobed, imbricate, often 
basally gibbous or more or less spurred and 
nectariferous, sometimes (Centranthus) bilabi-
ate. Stamens four (Nardostachys and most 
species of Patrinia) or more often three, in 
Fedia two of three stamens connate or only two 
stamens, while Centranthus has only one 
 stamen attached to the corolla tube; anthers 
introrse. Pollen grains 3(4)-colporate, tectate. 
Gynoecium of three carpels, with slender style 
and simple or 2–3-lobed stigma; ovary inferior, 
basically 3-locular but two locules more or less 
strongly reduced and empty or even obsolete 
(their presence evident in Valeriana and 
Fedia), with one anatropous ovule in fertile 
locule. Fruits dry cypselalike, often crowned 
by an accrescent winged, awned, plumose or 
infl ated calyx. Seeds small, with large, straight, 
oily embryo, differentiated into two round 
cotyledons and hypocotyle; endosperm 
reduced to a single layer of cells, or rarely 
(Patrinia) well developed (Plisko 2000); seed 
coat unspecialized, membranous, crushed. 
Usually producing iridoid compounds and 
sometimes monoterpene alkaloids, triterpe-
noid saponins, and valpotriates, n = 7–12, 
mostly 9. . . . . . . . . . . . . . 5. valerianaceae.
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4 Flowers nearly always with an epicalyx.
5 Flowers in compact heads.

6 Flowers with a double epicalyx below the 
calyx. Perennial rhizomatous herbs smell-
ing of Valerianaceae. Rhizomes sometimes 
with fusiform tubers. Vessels with simple 
perforations. Leaves opposite, dentate to 
pinnatifi d, estipulate. Flowers small, in a 
more or less few-fl owered terminal cymose 
infl orescences with glandular hairs on 
branches and epicalyces, bisexual, almost 
actinomorphic, each subtended by two 
opposite narrow bracts, an outer epicalyx of 
four further conspicuous capitate-glandular 
persistent bracts, connate at base and unci-
nate cuspidate at apex, and an 8-ribbed, 
urceolate, persistent inner epicalyx. Calyx 
minute, 5-dentate, persistent. Corolla fun-
nel-shaped, caducous, lobes imbricate, sub-
equal. Stamens four, epipetalous, anthers 
dorsifi xed, introrse; anther epidermis degen-
erating. Gynoecium of one or three carpels 
(only one carpel fertile), with slender style 
and small capitate stigma; ovary inferior, 
one locule fertile, with solitary ovule, the 
other two locules abortive and evanescent. 
Fruit dry, cypselalike, surrounded by persis-
tent indurated epicalyces. Seeds small, with 
small embryo and copious endosperm; seed 
coat of 3–4 layered; outer epidermis of 
large, vacuolarized cells, cells of the inner 
layer small and fl at (Plisko 2000). Iridoids 
detected. . . . . . . . . . . 6. triplostegiaceae.

6 Flowers with a single epicalyx below the 
calyx. Perennial or annual herbs, sometimes 
woody at base, rarely shrubby. Hairs unicel-
lular, usually lignifi ed, or often multicellular, 
glandular or (Knautia) capitate-glandular or 
(Cephalaria) tufted. Vessels with simple 
perforations or sometimes some of them sca-
lariform. Nodes trilacunar. Leaves opposite 
or sometimes verticillate, entire or dentate 
to deeply pinnatifi d or pinnately dissected. 
Stomata mostly anomocytic, less often ani-
socytic. Flowers in dense, essentially 
cymose, involucrate heads with a conspicu-
ously bracteate to hairy or naked common 
receptacle, bisexual, mostly zygomorphic, 
5- or 4-merous. Each fl ower enveloped by a 

more or less cupulate epicalyx formed by 
connection of two subtending bracteoles, 
wanting in a few species of Cephalaria and 
Succisa. Calyx mostly small and variable, 
cuplike or the lobes divided into 5–10 pap-
puslike segments. Corolla 5-lobed or 4-lobed 
by union of two members, imbricate, often 
more or less two-lipped or the lobes are 
unequal. Stamens four (the fi fth posterior 
stamen is always absent and the two anterior 
ones are often smaller), adnate to the summit 
of corolla tube; anthers introrse. Pollen 
grains mostly 3-colporate. Gynoecium of 
two carpels, but one carpel aborts; style slen-
der and with entire or 2-lobed stigma; ovary 
1-locular, with one or very rarely (Knautia 
arvensis) 2–3 ovules, pendulous from the 
top of  locule. Fruits cypselalike, usually 
enclosed in thickened and leathery epicalyx; 
pericarp thin and easily ruptured at the apex. 
Seeds small, with thin membranous testa, 
large, straight embryo and copious or rarely 
rather scanty (Scabiosa), fl eshy, oily 
endosperm; seed coat membranous; outer 
thin-walled epidermis covered by cuticule 
and hypodermal layer (Kamelina and Plisko 
2000). Usually producing iridoid com-
pounds and sometimes also alkaloids. n = 5, 
7–9(-10).  . . . . . . . . . . . . . . 7. dipsacaceae.

5 Flowers in axillary verticillasters. Perennial 
robust herbs with simple, hollow stems. Nodes 
pentalacunar with fi ve traces. Leaves opposite 
or verticillate, pinnatifi d or spinose-dentate, 
rarely entire, estipulate, with secretory ethe-
real cells in the epidermis. Each fl ower 
enclosed in a tubular-campanulate, spinose-
margined epicalyx, bisexual, zygomorphic. 
Calyx bilabiate, lips entire or 2-lobed, persis-
tent. Corolla bilabiate, imbricate, tube usually 
slender and exerted, sometimes very long. 
Stamens two, inserted in the throat of the 
corolla tube and alternating with the corolla 
members; staminodes two; fi laments long and 
thick; anthers basifi xed (?). Tapetum amoe-
boid. Pollen grains 3–4-colporate or 3-pororate. 
Gynoecium of two carpels, but one carpel 
aborts; style slender, with capitate stigma; 
ovary inferior, 1-locular, with one pendulous 
ovule. Fruits of cypsela-type, with thickened 
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and more or less rugose pericarp. Seeds of 
middle-sized, with thin testa, large, straight 
embryo and copious, ruminate endosperm; 
seed coat thin, membranous, formed by the 
epidermis of the outer integument (Kamelina 
and Plisko 2000). Present ethereal oils, 
n = 17. . . . . . . . . . . . . . . . . . . 8. morinaceae.

3 Female gametophyte Adoxa-type.
7 Deciduous or semi-evergreen small to stately 

trees, shrubs (sometimes rhizomatous) or 
perennial sub-shrubby rhizomatous herbs. 
Woody stems lenticellate, with conspicuous 
pith; cambium storied. Crystal sand present 
in the cortex and phloem. Leaves imparipin-
nate or sometimes incompletely bipinnate, 
rarely laciniate, stipules foliaceous or form-
ing small, linear, sometimes glandular 
appendages or absent. Flowers numerous in 
terminal cymose corymbs or panicles, articu-
lated with the pedicel, mostly bractless, 
bisexual or rarely unisexual, 5-merous or less 
often 3–4-merous. Calyx small, (3–4)5-lobed 
or dentate. Corolla rotate or rotate-campanu-
late, deeply (3–4)-lobed, lobes imbricate or 
valvate. Trichomatic nectaries at the base of 
corolla lobes absent. Stamens fi ve, inserted at 
the base of the corolla; fi laments short; 
anthers oblong, extrorse or latrorse. Style 
very short, cushionlike, more or less deeply 
3–5-lobed, with papillate stigmas; ovary 
3–5-locular. Fruits berrylike drupes with 5–3 
one-seeded, bony pyrenes. Seeds oblong, 
with the linear embryo and copious 
endosperm; seed coat membranous of several 
rows of fl at brown cells. x = 9 (n = 18, 19, 20, 
36, mostly 18).. . . . . . . . . .2. sambucaceae.

7 Small geophytic perennial herbs with a scaly 
creeping or erect monopodial rhizome, one to 
several alternate basal leaves and two opposite 
cauline leaves. Rhizome with two fl attened 
vascular bundles separated by a pith; stem with 
two vascular bundles, each serving to supply a 
leaf, and two smaller ones leading to the fl ow-
ers. Leaves imparipinnate, ternate or 3-lobed, 
bearing multicellular, tanniniferous secretory 
cells when young. Flowers greenish, in termi-
nal or sometimes also axillary compound and 
spikelike (Sinadoxa) or simple and racemelike 
(Tetradoxa) or head-like (Adoxa) cymose infl o-

rescences, bisexual, without bracts and bracte-
oles. Calyx 2–4-lobed, persistent. Corolla more 
or less rotate, 3–5-lobed, the lobes imbricate; 
nectar is secreted by multicellular hairs situ-
ated in groups at the base of each corolla lobe 
(Erbar 1994). Stamens alternipetalous, inserted 
into the top of corolla tube, more or less divided 
into two disporangiate halves. Stylodia 3–5, 
free, short, with small capitate, papillate 
stigma, but in Sinadoxa 1-locular ovary attenu-
ates to the top, with inconspicuous apical 
stigma; ovary 1–5-locular. Fruits small, dry 
drupes with  several pyrenes. Seeds with a very 
small embryo and copious endosperm; seed 
coat thin, crushed. Present  0-methylated fl a-
vonols, n = 9.  . . . . . . . . . . . . . .3. adoxaceae.

1. VIBURNACEAE

Rafi nesque 1820 (including Tinaceae Martynov 1820). 
1/175. Mostly northern temperate regions, also in trop-
ical mountains; best developed in the Himalayas and 
China; crossing the equator in Malesia.

Viburnum
Probably the most archaic member of the Dipsacales.

2. SAMBUCACEAE

Batsch ex Borckhausen 1797. 1/27. Temperate sub-
tropical regions and partly tropical mountains of 
Eurasia and America, especially eastern Asia and 
North America, but also North and tropical East Africa 
and eastern Australia and Tasmania.

Sambucus
Have some similarities with Viburnum, including 

pollen morphology (Bohnke-Gutlein and Weberling 
1981) and chromosomes (Sax and Kribs 1930; Benko-
Iseppon and Morawetz 1993), but differ in tetrasporic 
female gametophyte, dissected leaves, thick and soft 
pith, the presence of narrow, thick-walled pericycle 
fi bers in the stem, simple perforations of the vessels, 
paratracheal axial parenchyma, fi bers with small simple 
pits, semi tectate pollen grains (intectate in Viburnum – 
see Bassett and Compton 1970), 5–3-pyrenous drupes, 
and longer embryo. Additionally, Sambucus is sero-
logically distinct from Viburnum (Hillebrand and 
Fairbrothers 1970).
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3. ADOXACEAE

E. Meyer 1839. 3/5. Temperate and cold regions of the 
Northern Hemisphere; Sinadoxa (1) and Tetradoxa (1) 
are endemic to China.

Adoxa, Tetradoxa, Sinadoxa
Very close to the Sambucaceae, especially to their 

more archaic herbaceous representatives. Both families 
have many similarities in fl oral morphology (Eichler 
1875; Hallier 1908, 1912; Erbar 1994), fairly similar 
karyomorphological patterns (Greilhuber 1979; Benko-
Iseppon and Morawetz 1993), and they share the same 
type of female gametophyte (Moissle 1941), pollen grains 
(Reitsma and Reuvers 1976), and mode of leaf dissection. 
Thorne (1983, 1992a, b, 2001) included Adoxa and 
Sambucus in the family Adoxaceae. However, in Adoxa 
nectariferous multicellular hairs are situated in groups at 
the base of each corolla lobe (Erbar 1994), whereas 
trichomatic nectaries are absent in Sambucus, stamens in 
Adoxa are more or less divided, stylodia are free, and 
druses in the tissues of ovary wanting (Fukuoka 1974).

4. CAPRIFOLIACEAE

A.L. de Jussieu 1789 (including Diervillaceae Pyck 
1998; Linnaeaceae Backlund 1998; Loniceraceae Vest 
1818). 12/275–300. Mostly northern temperate regions, 
with a few species in tropical mountains; best devel-
oped in the Himalayas and China; crossing the equator 
only in Malesia.

diervilleae: Weigela, Diervilla; lonicereae 
Leycesteria, Lonicera, Heptacodium, Symphoricarpos; 
triostomeae: Triosteum; linnaeeae: Linnaea, 
Dipelta, Kolkwitzia, Abelia, Zabelia.

The Eastasian genus Weigela seems to be the most 
archaic member of the family (capsular fruits together 
with very primitive vessel elements with scalariform 
perforation that have 10–120 bars, and heterogeneous 
rays with long ends).

5. VALERIANACEAE

Batsch 1802. 16/400. Nearly cosmopolitan but best 
developed in the northern temperate regions (espe-
cially in the Mediterranean region and in western 
Asia), and in the Andes of South America, being absent 
from Australia, New Zealand, and much of Africa.

patrinieae: Nardostachys, Patrinia; valeri-
aneae: Phyllactis, Valerianella, Pseudobetckea, 
Fedia, Sipho nella, Stangea, Valeriana, Belonanthus, 
Aretiastrum, Phuo dendron, Astrephia, Plectritis, 
Plectritis, Centranthus.

Very near to the Caprifoliaceae, especially to the 
Linnaeeae (Wilkinson 1949), to which a relatively 
archaic Sino-Himalayan genus Nardostachys is espe-
cially closely related and of which vascular anatomy of 
the fl ower «is fundamentally the same as that in Abelia” 
(Wilkinson 1949: 488). According to Wilkinson, «The 
similarities between the Valerianaceae and the Linnaeeae 
are too signifi cant to be considered as due simply to 
parallel development. The two groups are closely 
related.» (Wilkinson 1949: 488). And a tendency toward 
the oligomerization of the gynoecium and androecium, 
clearly expressed within the Caprifoliaceae, becomes a 
fi xed character in the Valerianaceae. Besides, the zygo-
morphy of the corolla «foreshadowed in Caprifoliaceae 
is carried through every degree of transition in 
Valerianaceae» (Wernham 1912: 95).

6. TRIPLOSTEGIACEAE

Bobrov ex Airy Shaw 1965. 1/2. Temperate and alpine 
Himalayas (Garhwal to Bhutan), Assam, southeastern 
Tibet, Burma, continental China, Taiwan, Sulawesi, 
and New Guinea.

Triplostegia
The genus Triplostegia occupies a somewhat interme-

diate position between Valerianaceae and Dipsacaceae. 
Therefore some authors, such as Lindley (1853), 
Wagenitz in Englers Syllabus (1964), Cronquist (1981, 
1982), include it in the Valerianaceae while some others 
(Hutchinson 1959, 1973; Burtt 1977; Zhang et al. 2001) 
include it in the Dipsacaceae. Only a few authors, 
 including Airy Shaw (1965 and in Willis 1973), Dahlgren 
(1975, 1983), Takhtajan (1987, 1997), Brummitt (1992), 
and Backlund and Bremer (1998) accept Triplostegiaceae 
as a distinct family. According to Backlund and Nilsson 
(1997), Triplostegia is best included in the family 
Valerianaceae, as the sole member of a subfamily 
Triplostegioideae. The close affi nity with the Valeri-
anaceae is supported by many features, ranging from 
wood anatomy to infl orescence morphology (Hoffmann 
and Göttman 1990), embryology (Kamelina 1980, 1983). 
However Triplostegia differs from all members of the 
Valerianaceae in its peculiar double epicalyx (see Airy 
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Shaw 1965) and as well as in not branched aperture oper-
culum elements (Backlund and Nilsson 1997). I there-
fore to accept the Triplostegiaceae as a separate family 
very closely related to the Valerianaceae.

7. DIPSACACEAE

A.L. de Jussieu 1789 (including Scabiosaceae 
Martynov 1820). 14/300. Temperate Eurasia (espe-
cially in Mediterranean region and western Asia) and 
tropical Africa and South Africa.

Cephalaria, Dipsacus, Succisa, Succisella, Knautia, 
Ptero cephalus, Pterocephalidium, Scabiosa, Lom-
elosia, Pseudoscabiosa, Scabiosiopsis, Sixalix, Tremas-
telma, Pycnocomon.

Probably originated from some Triplostegia-like 
ancestor whose open infl orescence condensed into a 
ca-pitulum (see Burtt 1977: 106).

8. MORINACEAE

Rafi nesque 1820. 3/13. From the Balkans (Greece, 
Bulgaria, Romania) and Lebanon and Israel to conti-
nental China.

Morina, Acanthocalyx, Cryptothladia
The distinctness of the family Morinaceae is con-

fi rmed by palynological and embryological data 
(Vinokurova 1959; Vijayaraghavan and Sarveshwari 
1968; Verlaque 1977; Kamelina 1980; Blackmore and 
Cannon 1983) as well as by morphology of the infl o-
rescence and basic chromosome numbers. Morinaceae 
pollen is morphologically distinct from that of the 
Dipsacaceae in the lack of columellae and operculae 
and in the presence of zonorate endoapertures in some 
of the pollen types (Blackmore and Cannon 1983).
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Order 113. AQUIFOLIALES

Trees and shrubs, sometimes woody lianas. Vessels 
with scalariform or (Icacinaceae) scalariform and sim-
ple perforations, or simple perforation; lateral pitting 
scalariform to alternate. Fibers usually with distinctly 
bordered pits. Rays heterogeneous, with elongate or 
short ends. Axial parenchyma apotracheal to paratra-
cheal. Sieve-element plastids of S-type. Nodes trilacu-
nar or less often unilacunar. Leaves alternate or rarely 
opposite, simple, estipulate or (most of Aquifoliaceae 
and Helwingiaceae) with very small and caduceus 
stipules. Stomata of diverse types. Flowers small, 
greenish or whitish, in cymose or racemose infl ores-
cences or rarely solitary, bisexual or unisexual, actino-
morphic, usually 4-merous or 5-merous. Sepals free or 
more or less connate. Petals free or less often connate, 
imbricate or valvate, rarely wanting. Androecium 
 haplostemonous with antesepalous stamens; anthers 
 tetrasporangiate, usually opening longitudinally. 
Tapetum secretory. Microsporogenesis simultaneous. 
Pollen grains 2-celled or 3-celled, usually 3-colporate. 
Gynoecium mostly of 2–5 united carpels, with short 
style or sessile stigma. Ovary superior or inferior, with 
1–2 pendulous ovules in each locule. Ovules com-
monly anatropous, unitegmic or (Sphenostemonaceae 
and Cardiopteridaceae) bitegmic, crassinucellate to 
tenuinucellate, sometimes (Aquifoliaceae) with endo-
thelium. Female gametophyte of Polygonum-type. 
Endosperm cellular (Aquifoliaceae and Nothapodytes 
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in Icacinaceae) or nuclear (Gonocaryum in Icacinaceae) 
(the other families not studied for nuclear development). 
Fruits drupaceous, baccate, or samara. Seeds exotestal, 
with very small to large embryo; endosperm present or 
absent. Icacinaceae contain iridoid compounds.

According to molecular date (Olmstead et al. 2000; 
Soltis et al. 2000, 2006; Bremer et al. 2002) Aquifoliales 
related to Dipsacales and Apiales.

Key to Families
1 Gynoecium of 3–5 carpels.

2 Ovary superior.
3 All (2)4–6 locules of the ovary fertile. 

Evergreen or deciduous trees (usually small) 
or shrubs, sometimes climbers and epiphytic; 
resiniferous and laticiferous idioblasts pres-
ent. Vessels with exclusively scalariform per-
foration, and without vestured pits, usually 
with numerous bars; lateral pitting usually 
opposite, rarely scalariform or alternate. Fibers 
often septate. Rays heterogeneous with elon-
gate ends. Axial parenchyma diffuse. Nodes 
unilacunar, or trilacunar. Leaves alternate or 
very rarely opposite, or whorled, entire, leath-
ery, toothed or spinose, often with resiniferous 
or laticiferous cells in mesophyll; stipules very 
small and often caducous or wanting. Stomata 
mostly anomocytic. Flowers very small, in 
axillary or supra axillary fascicles or cymes, 
dioecious or occasionally polygamous or 
(Nemopanthus) polygamo-dioecious, 4-mer-
ous or less often 5-merous, rarely 6–9-merous. 
Sepals small, more or less connate at the base, 
imbricate, in Nemopanthus minute and decid-
uous in male fl owers and wanting from female 
ones. Petals free (Nemopanthus) or shortly 
connate at base (Ilex), imbricate. Stamens usu-
ally as many as and alternate with the petals, 
mostly adnate to the petals at base, sometimes 
more numerous than the petals in polycarpous 
species of Ilex. Staminodia and pistillodia 
present. Pollen grains 3-colporate. Gynoecium 
usually of 4–5 carpels, rarely less (2–3) or 
more (up to 24); style short or nearly wanting, 
with lobed or capitate stigma; ovary with soli-
tary or very rarely two ovules in each locule; 
ovules anatropous, unitegmic, crassinucellate 
to tenuinucellate (two species of Ilex), with 
endothelium. Fruits drupes with as many 

pyrenes as carpels. Seeds with cuboid exot-
estal cells, tangentially elongated, inner walls 
lignifi ed, rest crushed, endotesta tanninifer-
ous; embryo near micropyle, very small; 
endosperm copious, oily and proteinaceous, 
without starch. Plants sometimes producing 
alkaloids and fl avonols (kaempferol and quer-
cetin), n = 9, 10.  . . . . . . . .1. aquifoliaceae.

3 Fertile locule solitary, rarely all three locules 
fertile. Trees and shrubs, sometimes lianas 
with non- axillary branch tendrils, laticiferous, 
or non-laticiferous and without coloured juice. 
Trichomes unicellular. Stem often with anom-
alous structure, sometimes with interxylary 
phloem. Vessels scalariform, scalariform and 
simple, or (in stems with unilacunar nodes) 
only simple perforations; vessels without ves-
tured pits; lateral pitting usually intermediate 
between scalariform and opposite or (in ves-
sels with simple perforations) alternate. Fibers 
usually with bordered pits. Rays heteroge-
neous with elongate or short ends. Axial 
parenchyma apotracheal or less often paratra-
cheal. Nodes trilacunar or less often unilacu-
nar. Leaves alternate or less often opposite 
(Iodes), leathery, petiolate, entire to toothed, 
estipulate. Stomata anomocytic, anisocytic, or 
paracytic. Infl orescences axillary, sometimes 
terminal, or opposite leaves (Citronella), 
racemes, thyrsoids, cymes, pseudospikes (pis-
tilate plants of Calatola). Flowers small, 
bisexual or less often polygamous to dioe-
cious, (3)4–5(6)-merous. Sepals more or less 
connate, imbricate or rarely valvate, rarely 
wanting. Petals free or rarely basally connate, 
usually valvate, rarely wanting. Stamens as 
many as and alternate petals; fi laments free or 
borne on corolla tube alternate with its 
lobes; anthers usually introrse, dorsifi xed, 
opening longitudinally or less often by api-
cal pores. Pollen grains 2-celled, aperturate, 
or nonaperturate (Stachyanthus), colpate, or 
porate, or colporate, or foraminate. Nectary 
disc mostly absent, but sometimes present or 
represented by distinct glands. Gynoecium of 
(2)3(-5) carpels with short style; stigma punc-
tiform, subcapitate, capitate, or lobed; ovary 
usually 1-locular by abortion of the remaining 
locules; rarely (Emmotum) 3-locular; ovules 
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two, rarely one per locule, pendulous, anatro-
pous, unitegmic but with free integuments at 
the micropyle in Phytocrene, crassinucellate 
to tenuinucellate; funicle usually thickened 
near the micropyle. Fruits usually drupaceous, 
often fl attened and or ribbed, 1-seeded, rarely 
dry and winged. Seeds with straight or curved, 
green embryo; endosperm mostly well devel-
oped, oily, sometimes wanting. Plants some-
times with iridoid compounds, fl avonols 
(quercetin); alkaloids and proanthocyanidins 
present or absent; verbascosides present 
(Cassinopsis), n = 10, 12. . . . 2. icacinaceae.

2 Ovary inferior. Glabrous dioecious shrubs. Vessels 
with scalariform perforations that have 17–41 
widely spaced bars; lateral pitting scalariform. 
Fibers with minutely bordered pits in radial walls, 
all septate. Axial parenchyma scanty paratracheal. 
Rays heterogeneous. Silica grains present in ray 
cells, and axial parenchyma, and also in septate 
fi bres of Helwingia himalaica. Nodes unilacunar. 
Leaves alternate to subopposite, spiral, petiolate, 
simple, remotely serrate or crenate-serrate, ovate 
to lanceolate, with deciduous stipules often 
divided into fi liform lobes. Stomata anomocytic. 
Flowers unisexual, in small umbels mostly borne 
on the leaves through the axillary peduncle being 
adnate to the upper side of midrib, the males sev-
eral in an umbel, the female 1–3; bracts absent, 
male fl owers sometimes with more or less long 
pedicel, female fl owers with very short pedicels. 
Calyx limb obsolete; petals 3–5, valvate, continu-
ous with the calyx tube. Stamens 3–5, alternipe-
talous, inserted outside fl at angled nectary disc; 
anthers short. Pollen grains 3-colporate, with 
perforate tectum and diffuse endoaperture. 
Gynoecium of 3–4 carpels; fl at nectary disc 
forming a cone passing into short style with 3–4 
recurved stigmas; ovary inferior, 3–4-locular, with 
one pendulous, anatropous, with dorsal raphe, 
unitegmic, tenuinucellate ovule per locule. Fruits 
ovoid or globose drupes, angular when dry, with 
3–4 separate cartilaginous or crustaceous pyrenes. 
Seeds with minute and nearly globose embryo at 
the apex of copious endosperm; seed-coat thin, 
consists of 2–3 layers  compressed, thin-walled 
cells. Contain caffeic acid (chlorogeneic acid), 
n = 19.. . . . . . . . . . . . . . . . . . 3. helwingiaceae.

1 Gynoecium of two carpels.

4 Stipules present. Trees or shrubs, glabrous, ter-
restrial or epiphytic; young stem with separate 
bundles. Vessels with scalariform perforations; 
lateral pitting opposite. Fibers with bordered pits. 
Rays heterogeneous. Axial parenchyma apotra-
cheal. Leaves  alternate, entire or serrate, acumi-
nate; stipules small, fi mbriate, caduceus, with 
glandular hairs on adaxial surface. Infl orescences 
epiphyllous, fl owers borne on the leaf toward the 
tip of the midrib. Flowers very small, actinomor-
phic, bisexual, green or white, fasciculate 
(cymose false umbels), 5-merous. Sepals con-
nate into obconic tube adnate to ovary, open, 
toothed, persistent. Petals inserted below the 
margins of the epigynous fl at nectary disc, 
spreading, ovate-triangular, acute, valvate. 
Stamens fi ve, with short, subulate fi laments and 
small, bilobed anthers. Pollen grains 3-colporate, 
with complete tectum and granules. Gynoecium 
of two  carpels and two small, recurved stigmas 
on very short stylodia; ovary inferior, incom-
pletely 2-locular, with usually numerous 2-seri-
ate ovules on two parietal  placentas. Fruits small, 
incompletely 2-locular, 3–6-seeded berries. 
Seeds oblong, slightly curved, rugose; testa mul-
tilayered, exotestal cells large, thick-walled, 
mucilaginous; embryo very minute at the base of 
fl eshy endosperm. . . . . . . 4. phyllonomaceae.

4 Leaves estipulate.
5 Ovary 2-locular. Evergreen trees and shrubs. 

Vessels with scalariform perforations that have 
32–185 bars; lateral pitting scalariform; phloem 
stratifi ed. Leaves alternate or subopposite or 
pseudo-verticillate, simple, leathery, glandular-
dentate to entire. Flowers in subterminal, rac-
emose infl orescences, bracteate, bisexual, 
actinomorphic, 4-merous. Sepals free, imbri-
cate, caducous. Petals free, fl eshy, caducous, or 
wanting. Stamens 4–6, or 8–12, fi laments short 
and thick or obsolete; anthers with thick con-
nective, elongate and latrorse or short and 
introrse, petaloid or fi lantherous. Stamens lam-
inal with embedded microsporangia. Pollen 
grains 3-perorate, reticulate to scabrate. 
Gynoecium of two carpels with large sessile 
capitate stigma. Ovary superior, 2-locular, with 
1(2), pendulous ovules in each carpel; ovules 
anatropous, bitegmic, crassinucellate. Fruits 
drupelike (berry, according to Bailey 1956, 
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pseudo-drupe – van Steenis 1986), with sepa-
rable pyrenes or with one stone (with 1–2 bony 
pyrenes), usually more or less asymmetrical, 
ovoid, crowned by the stigma (Watson and 
Dallwits 2006). Pericarp fl eshy, fi nally black. 
Seeds more or less ruminate, exotestal or exo-
endotestal, endotestal cells with dark contents; 
embryo small, surrounded by a thick, chalazal 
envelope, of which the outer layer is hard and 
bony and whether or not ruminate functioning 
as and superfi cially resembling the structure of 
a pyrene (van Steenis 1986), endosperm copi-
ous, oily. . . . . . . . . . 5. sphenostemonaceae.

5 Ovary 1-locular. Climbing herbs with articu-
lated laticifers bearing abundant milky juice in 
the leaves and stems. Vessel elements short and 
very broad, with simple perforations; lateral 
pitting alternate. Fibers with small bordered 
pits. Nodes trilacunar with three traces. Leaves 
alternate, thinly membranous, simple or lobed 
to varying degrees, long-petioled, cordate, 
3–7-veined from the base, estipulate. Stomata 
anomocytic and paracytic. Flowers very small, 
in axillary branched, more or less scorpioid 
cymes, bisexual or polygamous, actinomorphic, 
4–5-merous. Calyx (4-)5-lobed, lobes imbri-
cate, persistent. Corolla shortly sympetalous, 
(4-)5-lobed, lobes spreading, thin, imbricate, 
caduceus. Stamens (4-)5, inserted midway 
down the corolla tube, or in the throat of the 
corolla tube and alternate with the sepals; fi la-
ments very short, glabrous; anthers introrse, 
dorsifi xed, tetrasporangiate, opening longitu-
dinally. Pollen grains 3-colporate, with striate 
ornamentation. Nectary disc wanting. Gynoecium 
of two united carpels; stylodia two, dissimilar, 
one longer, thicker, cylindrical or subclavate, 
persistent on fruit, the other very short, thin-
ner, with capitate stigma; ovary superior, 1-loc-
ular, with two ovules pendulous from the 
summit of the locule, one of which often abor-
tive. Ovules anatropous, bitegmic, crassinucel-
lete, with dorsal raphe. Fruits obovate-oblong, 
dry, indehiscent, fl at, 1-seeded, broadly 
2-winged samara, more or less stipitate; wings 
transversely striolate. Seeds linear, sulcate, 
exotestal, embryo minute, well differentiated, 
at the apex of very densely granular; endosperm 
fl eshy. . . . . . . . . . . . . . 6. cardiopteridaceae.

1. AQUIFOLIACEAE

A. Richard 1828 (including Ilicaceae Berchtold et 
J. Presl 1820). 2/400–450. Ilex is very widely distrib-
uted; Nemopanthus (2) is found only in eastern North 
America.

Ilex (including Byronia), Nemopanthus
One is the most archaic families which is charac-

terized by primitive wood structure, the absence of 
nectarines, and very small embryo.

2. ICACINACEAE

Mires 1851. 53/400 (including Emmotaceae Van Tieghem 
1899; Iodaceae Van Tieghem 1899; Leptaulaceae 
Van Tieghem 1899; Metteniusaceae H. Karsten ex 
Schnizlein 1843–1870; Pennantiaceae J.G. Agardh 
1858; Phytocrenaceae Arnott ex R. Browne 1852; 
Pleurisanthaceae Van Tieghem 1899; Sarcostigmataceae 
Van Tieghem ec Bullock 1958; Stemonuraceae Kårehed 
2001). Pantropical, with relatively few species in tem-
perate regions.

icacineae: Citronella (including Villaresia), 
Emmotum, Poraqueiba, Oecopetalum, Pittosporopsis, 
Pseudobotrys, Platea, Gonocaryum, Medusanthera, 
Ottoschulazia, Gomphandra, Rhyticaryum, Hartleya, 
Codiocarpus, Medusanthera, Apodytes, Casimirella, 
Leretia, Pleurisanthes, Merrilliodendron, Icacina, 
Mappia, Lasianthera, Cantleya, Nothapodytes, 
Stemonurus, Whitmorea, etc.; discophoreae: 
Discophora; iodeae: Mappianthus, Polyporandra, 
Iodes, Hosiea, Natsiatum, Natsiatopsis; phytocreneae: 
Pyrenacantha (including Trematosperma), Miquelia, 
Phytocrene, etc.; sarcostigmateae: Sarcostigma; 
METTENIUSEAE: metteniusa.

Insertae sedis: Alsodeiopsis, Chlamydocarya, 
Desmostachys, Lavigeria, Polycephalium, Stachyanthus, 
Cassinopsis, Calatola, Raphiostylis, Dendrobangia, 
Leptaulus, Gastrolepis, Grisollea, Irvingbaileya.

Share many common features with the Aquifoliaceae.

3. HELWINGIACEAE

Decaisne 1836. 1/5. Eastern Himalayas (from central 
Nepal to Bhutan), northeastern India (Assam and 
Mantpur), northern Burma, continental China,  northern 
Vietnam, Taiwan, Ryukyu Islands, Japan.



470 Subclass VII. ASTERIDAE

Helwingia
Helwingiaceae related to Aquifoliaceae and 

Phyllonomaceae (Soltis et al. 2006).

4. PHYLLONOMACEAE

Small 1905 (Dulongiaceae J. Agardh 1858, nom. illeg). 
1/4. Mexico to northwestern Bolivia.

Phyllonoma (Dulongia)
According to Soltis and Soltis (1997), “Analyses 

or rbcL sequences similarly revealed that Phyllo-
noma is  allied with traditional asterids, with a 
particu larly close relationship between Phyllonoma 
and Helwingia”.

5. SPHENOSTEMONACEAE

P. Royen and Airy Shaw 1972. 1/7–10. Central Malesia 
to New Guinea, tropical Australia, and New Caledonia.

Sphenostemon
Close to the Aquifoliaceae and especially to 

Icacinaceae (Baas 1975).

6. CARDIOPTERIDACEAE

Blume 1847. 1/3 (including Peripterygiaceae G. King 
1895). Northeastern India (Assam and Bengal), Burma, 
Southeast Asia, Malesia from Malay Peninsula to New 
Guinea, and Queensland.

Cardiopteris (Peripterygium)
Related to the Icacinaceae, but differ in bitegmic 

ovules and fruit type.
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Order 114. APIALES

Trees, shrubs, woody lianas, or herbs, glabrous or with 
various types of trichomes. Mostly with schizogenous 
secretory canals or cavities containing ethereal oils, 
resins, and gums usually well developed in various 
parts, especially in the parenchymatous tissues. Pith 
bundles and cortical bundles often present. Vessels 
with simple or sometimes with scalariform, or simple 
and scalariform perforations; lateral pitting scalari-
form to alternate. Fibers with simple or (Toricelliaceae) 
bordered pits, often septate. Rays heterogeneous 
to seldom homogeneous. Axial parenchyma apo-
tra cheal (Toricelliaceae, Myodocarpus, Delarbrea, 
Porospermum, Pseudosciadium) or more often paratra-
cheal. Sieve-element plastids of S-type. Nodes multila-
cunar, sometimes pentalacunar, or rarely trilacunar. 
Leaves alternate or rarely opposite or verticillate, sim-
ple to compound; petioles usually broad and sheathing, 
sometimes stipulate, commonly with a ring or arc of 
vascular bundles, and sometimes with medullary bun-
dles as well; leaf mesophyll cells contain oil bodies. 
Stomata paracytic, anomocytic, or of other types. 
Flowers usually small, in terminal or axillary umbels, 
that are very often arranged into secondary umbels or 
sometimes into other types of compound infl ores-
cences, rarely in racemes or spikes, bisexual or seldom 
unisexual, actinomorphic or the outermost ones some-
times more or less zygomorphic, mostly 5-merous. 
Calyx usually represented by small teeth around the 
top of the ovary, which often much reduced or even 
wanting. Petals nearly always free, valvate or some-
times (some Araliaceae) more or less imbricate, rarely 
wanting. Stamens as many as and alternate with the 
petals, sometimes twice as many as petals or even 
(some Araliaceae) numerous; anthers mostly tetraspo-
rangiate, opening longitudinally. Tapetum secretory. 
Microsporogenesis simultaneous. Pollen grains 
3-celled or rarely 2-celled, mostly 3-colporate or 
(Toricelliaceae) 4-colporate. Gynoecium of 2–5(-many) 
united carpels; stylodia free or more or less connate 
into a style that is often enlarged at the base into a sty-
lopodium confl uent with the nectary disc; ovary infe-
rior, or semi-inferior, rarely superior, crowned by the 
glandular nectary disc, with one pendulous ovule per 
carpel (but an abortive ovule sometimes present). 
Ovules anatropous, pendulous, epitropous, with ven-
tral or dorsal raphe and with micropyle directed upward 

and outward, unitegmic, crassinucellate to tenuinucel-
late, usually with endothelium. Female gametophyte of 
Polygonum-type or sometimes of Oenothera-, Allium-, 
Penaea-, or Drusa-types. Endosperm nuclear. Fruits 
drupaceous or baccate or more often schizocarps con-
sisting of two indehiscent, 1-seeded mericarps usually 
separating in the plane of union of two carpels, before 
falling the two mericarps usually hang for a time on a 
commonly forked stalk, the carpophore, which devel-
ops from the carpellary tissues. Seeds exotestal, with 
small (sometimes minute), straight embryo and copi-
ous endosperm. Usually containing sesquiterpenes, 
triterpenoid compounds, caffeic acid derivatives, and 
polyacetolenes, iridoids and ellagic acid present or 
lacking. Seeds containing petroselinic acid.

Related to both the Hydrangeales and Cornales, espe-
cially to the former. Probably had a common origin.

Key to Families
1 Ovary superior.

2 Secretory canals absent.
3 Petiole without sheathing base. Shrubs or 

trees. Trichomes unicellular, recurved or mul-
ticellular, uniseriate. Vessesl with scalariform 
perforation and with bordered pits. Rays het-
erogenous. Axial parenchyma apotracheal or 
scanty paratracheal. Fibers nonseptate. Nodes 
trilacunar with three traces. Leaves alternate, 
simple, serrate or entire, petiolate, glabrous, 
estipulate. Stomata paracytic. Flowers in ter-
minal panicles, with articulated pedicels, uni-
sexual (plants dioecious or polygamous), 
5-merous. Calyx minute, imbricate, caducous. 
Petals glabrous, free, valvate. Stamens fi ve, 
free; fi laments fi liform, connate; anthers 
2-locular, introrse, dorsifi xed. Pollen grains 
3-colporate. Nectary disc absent. Gynoecium 
of two carpels. Ovary superior, 1-locular, 
without fl eshy appendage; stigma 3-lobed, on 
a very short style, or discoid and sessile. Ovule 
solitary and even though a second abortive 
may be present, pendulous. Fruit small drupe, 
stone obtusely trigonous; seed coat thin; 
embryo short, minute, endosperm present. 
Leuco-anthocyanins and caffeic acid present; 
n = 25. . . . . . . . . . . . . . . . 1. pennantiaceae.

3 Petioles with sheathing base. Woody plants. 
Vessels with simple or almost exclusively 
scalariform perforations, without helical 
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thickenings. Axial parenchyma apotracheal. 
Rays homogeneous, with simple or bordered 
pits. Leaves alternate, pinnately compound or 
simple, entire, estipulate. Infl orescences pan-
icles of umbellules. Flowers with articulated 
pedicels, unisexual or bisexual, 5-merous. 
Sepals large, imbricate. Petals free, imbricate, 
caducous. Nectary disc present. Gynoecium 
of two carpels. Ovary inferior, 2-locular. 
Fruits fl eshy or spongy drupes (Delarbrea), 
or dry schizocarps (Myodocarpus); seeds 
laterally fl attened; woody endocarp hard, 
with large oil ducts; endosperm smooth and 
has druses, in Myodocarpus up to 18 druses 
in cell (Vyshenskaya 2000).; n = 12. 
. . . . . . . . . . . . . . . . . . . 8. myodocarpaceae.

2 Secretory canals present. Small trees, shrubs, 
often woody lianas, sometimes subshrubs, gla-
brous or with simple, uniseriate trichomes with 
two or three basal cells and a long terminal cell, 
two-armed hairs with a short stalk, or club-
shaped glandular hairs. A constant and charac-
teristic feature is the presence of well-developed, 
schizogenous secretory canals in the pericycle of 
the stem, roots, and leaves, and also in the sec-
ondary cortex and secondary phloem of older 
stems. Vessels with simple perforations or very 
rarely scalariform perforations (in primary xylem 
always with scalariform perforations); lateral pit-
ting alternate, small to very small. Fibers septate, 
with small, simple, or very narrowly bordered 
pits. Rays nearly homo geneous. Axial paren-
chyma scanty paratracheal.  Sieve-element plas-
tids of Ss-type. Nodes trilacunar, rarely 
unilacunar. Leaves alternate, sometimes very 
closely crowded at the branch tips, simple, entire, 
or rarely serrate, sinuate or occasionally more or 
less lobed (but seedling leaves and juvenile 
leaves may be pinnatifi d), sometimes with wavy 
margins, coriaceous, estipulate. Stomata para-
cytic. Flowers in corymbs or cymose panicles or 
solitary, bisexual or seldom poly gamous (in sev-
eral New Zealand spp. of Pittosporum), or uni-
sexual, actinomorphic or rarely (Cheiranthera) 
slightly zygomorphic, 5-merous (except for 
gyno ecium), bibracteolate. Sepals imbricate, free 
or some times basally connate. Petals usually 
basally connate forming more or less distinct 
tube, with imbricate lobes. Stamens alternate 

with petals, free or weakly connate basally; 
anthers  tetrasporangiate, opening longitudinally 
or rarely (Cheiranthera) by apical pores. Nectary 
disc absent. Microsporogenesis simultaneous. 
Pollen grains 2-celled or 3-celled, 3-colporate. 
Gynoecium of two or rarely (spp. of Pittosporum) 
3–5 carpels, with simple style and capitate or 
slightly lobed stigma; ovary superior, 1-locular, 
with parietal placentas or as a result of protrusion 
and fusion the placentas become 2- or rarely 3-loc-
ular, with several to usually more or less numerous 
ovules per placenta or per locule. Ovules anatro-
pous or nearly campylotropous, tenuinucellate. 
Female gametophyte of Polygonum-type. Fruits 
loculicidal (sometimes also septicidal) capsules 
(Pittosporeae) or berries (Billardiereae). Seeds 
often immersed in a viscid pulp, with a minute 
embryo placed near the hilum; endosperm copi-
ous, oily, and proteinaceous; seed coat 6–12 
cells thick, unspecialized. Lack iridoid com-
pounds and ellagic and gallic acid but contain 
ethereal oils, resins and mucilages, leuco- 
anthocyanins, caffeic, quinic, and sinapic acids, 
fl avonols kaempferol and quercetin, polyacety-
lenes, and often triterpenoid saponins, n = 12.
. . . . . . . . . . . . . . . . . . . . . . . 6. pittosporaceae.

1 Ovary usually inferior.
4 Fruits nearly always carpels, drupaceous, or bac-

cate. Trees, shrubs, woody lianas, or woody epi-
phytes, rarely perennial herbs; plants bearing 
essential oils, or without essential oils. Vessels soli-
tary (Pentapanax, Arthrophyllum, Myodocarpus, 
Delarbrea, Boerlagio dendron, Oreopanax, 
Plerandra, Dendropanax, some species of 
Scheffl era and  Poly scias – Oskolski 1996), or in 
short radial multiples, mostly with simple perfora-
tions, in a few genera with  scalariform perfora-
tions (Myodocarpus exclusively scalariform) that 
have few to numerous bars (up to 56 in 
Boerlagiodendron); lateral pitting scalariform to 
alternate. Fibers with small, simple pits, often 
septate, but in Boerlagiodendron fi ber tracheids. 
Rays mostly heterogeneous with short ends or 
rarely homogeneous. Axial parenchyma  usually 
scanty paratracheal, rarely (Myodocarpus, 
Delarbrea) diffuse-in-aggregates or (Reynoldia)  
 metatracheal. Nodes multilacunar, pentalacunar, 
or seldom trilacunar. Leaves alternate or very 
rarely (Cheirodendron) opposite or verticillate, 
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simple, dissected, pinnately or palmately com-
pound, sometimes to second or third degree, aro-
matic or not, gland-dotted or not; petiole usually 
broad and sheathing, stipulate or estipulate; 
stipules when present, intrapetiolar, often adnate 
to and scarcely distinguishable from the base of 
the petiole. Stomata mostly paracytic or aniso-
cytic, rarely anomocytic. Flowers usually small, 
mostly in simple umbels, bisexual or rarely polyg-
amous or dioecious, rarely calyptrate, usually 
more or less 5-merous. Calyx teeth small, often 
much reduced or even obsolete. Petals 5–10(-12), 
rarely three, free or rarely connate at the base or 
forming a calyptra (as in Tupidanthus) or in a tube 
(as in Boerlagiodendron), deciduous, valvate or 
sometimes slightly imbricate. Stamens usually as 
many as and alternate with petals or rarely twice 
as many or numerous (up to 120 in Tupidanthus), 
anthers dorsifi xed, tetrasporangiate or sometimes 
of as many as eight microsporangia. Pollen grains 
3-celled, usually 3-colporate, sometimes 2- or 
4-colporate, commonly reticulate. Gynoecium of 
2–5 to many (up to 200 in Tupidanthus), mostly 
fi ve carpels; stylodia free or sometimes more or 
less connate into a style, generally swollen at the 
base to form a more or less defi nite stylopodium 
that is confl uent with the epigynous nectary disc; 
ovary inferior or semi- inferior, very rarely supe-
rior, 1-locular (Seemannaralia) or pseudo-
monomerous, with one (sometimes the second 
 abortive one) pendulous ovule per locule; ovules 
crassinucellate to tenuinucellate. Female gameto-
phyte usually monosporic, of Polygonum-type, 
Fruits drupes with as many pyrenes as carpels, or 
berries, rarely a drupelike  schizocarp, which in 
Stilbocarpa and Astrotricha, has carpophores, 
Porospermum have oily glands in  endocarp, 
Mackinlaya has glands in pericarp. Seeds with 
small embryo and copious, ruminate or not, oily 
endosperm containing large amount of petrose-
linic acid. Endosperm of Tetraplasandra, Arthro-
phyllum, and Aralia has druses (Vyshenskaya 
2000). Alkaloids and fl avonols (quercetin and 
kaempferol) present or absent; n = 11, 12 + (usu-
ally) or more.  . . . . . . . . . . . . . . . .7. araliaceae.

4 Fruits usually schizocarps with persistent carpo-
phore. Mostly perennial or less often annual 
herbs, sometimes subshrubs, rarely shrubs or 
soft-wooded small trees. Plants with essential 

oils, or without, resinous, or not. Stems usually 
with well-developed collenchyma and large pith 
that shrinks or dries at maturity. Internodes com-
monly becoming hollow. Secretory cavities with 
resin, oil, or with mucilage. Vessels almost 
always with simple perforations, or rarely with 
scalariform, very rarely with vestigial bars. 
Nodes multilacunar. Leaves small to large, usu-
ally alternate, or alternate and opposite (the upper 
sometimes more or less opposite), usually much 
dissected (ternate or variously pinnate) infre-
quently entire, and sometimes more or less paral-
lelveined, gland-dotted or not, aromatic or foetid, 
or rarely without marked odour, estipulate, but 
sometimes with stipular fl anges; petioles usually 
with broad sheathing base. Stomata anomocytic 
or paracytic. Flowers small, mostly compound 
umbels or less often in heads or simple umbels, 
rarely (as in Petagnia) in dichasial infl orescence; 
at the top of the stalk of each individual umbel 
(umbellule) an involucre of bracts is often found 
(the bracts of outer fl owers), and a similar large 
involucre often occurs at the top of the main stalk 
bearing the compound umbel. Flowers mostly 
bisexual or seldom unisexual and monoecious 
(as Echinophora) or dioecious (as Acronema and 
Arctopus) actinomorphic or often peripheral 
fl owers more or less zygomorphic, usually 5-mer-
ous except for 2-merous gynoecium. Calyx teeth 
usually more or less reduced and frequently 
inconspicuous, but in Saniculeae they are well 
developed. Petals free, typically infl exed at the 
tip, valvate, rarely wanting. Stamens fi ve, alter-
nate with the petals, borne on the epigynous 
nectary disc; anthers dorsifi xed or  basifi xed, 
introrse, tetrasporangiate; fi laments long; anthers 
introrse. Pollen grains 3-celled, 3-colporate, very 
rarely 2-colporate, with more or less smooth sur-
face. Gynoecium of two rather reduced carpels 
with free, short stylodia usually set on variously 
and characteristically developed swollen base 
(stylopodia); ovary inferior, 2-locular or rarely 
1-locular and pseudomonomerous, with one ovule 
per carpel (sometimes with an additional abortive 
ovule); ovules anatropous, tenuinucellate or 
pseudocrassinucellate. Female gametophyte 
mostly of Polygonum-type. Fruits non-fl eshy 
schizocarps; mericarps two, dry, united facially, 
1-seeded, the integument sometimes united with 
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the pericarp, always separating at maturity. Seeds 
adherent to the pericarp, with usually small, well 
differentiated, straight embryo and copious, oily 
endosperm containing large amount of petrose-
linic acid. Alkaloids present (and usually toxic 
via falcorinone) or absent; fl avonols (kaempferol 
and quercetin) present or absent; n = 4–12, most 
commonly 8 or 11.  . . . . . . . . . . . . . 9. apiaceae.
5 Stomata anomocytic. Small trees or shrubs, 

glabrous. Secretory cavities absent. Hairs sim-
ple, glandular. Vessels mostly with simple per-
forations with distinct rims or occasionally 
scalariform, with 5–24 bars. Fibers with 
minutely bordered pits, some fi bers septate. 
Rays heterogeneous. Axial parenchyma scanty 
apotracheal. Crystals absent (Noshiro et Baas 
1998). Leaves alternate, entire or dentate, 
long-petiolate, petioles more or less sheathing 
at base, stipulate or have shortly stalked glan-
dular hairs with spherical heads, blackening 
on drying. Stomata amonocytic. Flowers in 
axillary or terminal racemes or panicles, 
bisexual, 5-merous; pedicels bracteate at the 
base and mostly 2-bracteolate at the apex. 
Sepals connate into a minutely 5-dentate tube, 
imbricate. Petals free, imbricate, refl exed. 
Stamens fi ve; fi laments short, slender; anthers 
oblongate, basifi xed or dorsifi xed. Pollen 
grains 3-colporate. Nectary disc obscure or 
obsolete. Gynoecium of 2–3-carpels; stylodia 
2–3, free, subulate, erect or recurved, with lin-
ear or punctiform stigma; ovary inferior, 
2–3-locular (only one of which is fertile), with 
one pendulous, anatropous ovule per locule. 
Fruits ovoid or oblong drupaceous, with one 
fertile dorsal and two sterile ventral loculi, the 
septa marked by external grooves. Seeds light 
brown, with very thin testa; embryo minute, 
straight, differentiated; endosperm fl eshy, 
copious. . . . . . . . . . . 5. melanophyllaceae.

5 Stomata encyclocytic. Trees or shrubs, often 
epiphytic or climbing. Secretory canals absent. 
Hairs all unicellular, provided with granular, 
nodular, or verrucose prominences. Wood dif-
fuse-porous. Vessels with scalariform perfora-
tions of 10–17 (up to 28) bars. Fibers with 
distinctly bordered pits on both radial and tan-
gential walls. Rays heterogeneous. Axial 
parenchyma diffuse-in-aggregates. Nodes 

penta- or trilacunar. Prismatic crystals usually 
in body ray cells. Leaves alternate, often asym-
metrical, coriaceous, simple, entire or angled 
or spinose-dentate, estipulate; epidermal cells 
rhomboidal, small; palisade cells entire, cylin-
dric; hypodermis present; petioles dilated and 
slightly sheathing at base, with arc of bundles. 
Flowers small, in terminal or axillary panicles 
or racemes, dioecious, pedicels ebracteolate, 
articulated. Male fl owers: calyx minute, 5-den-
tate; petals fi ve, imbricate; stamens fi ve, alter-
nipetalous; anthers broadly oblong, 
tetrasporangiate, dorsifi xed, introrse, opening 
longitudinally. Pollen grains 3-colporate. 
Nectary disc fl eshy, 5-sided. Pistillodia lack-
ing. Female fl owers: calyx tube ovoid or tur-
binate, 5-dentate; petals imbricate or absent; 
gynoecium of three united carpels; stylodia 
three, very short, free, and/or shortly connate, 
stigmatose at the apex or inside; ovary infe-
rior, 1–2-locular (only one of which is fertile), 
with one pendulous ovule in each  locule. 
Staminodia lacking. Ovules anatropous, uni-
tegmic, crassinucellate, with endothelium. 
Female gametophyte of Polygonum-type. 
Fruits ovoid, usually 1-locular and 1-seeded 
berries. Seeds oblong, with small, elongate, 
straight embryo in copious endosperm. 
Contain iridoid glucoside griselinoside and 
caffeic acid (chlorogenic acid), but lack gallic 
and ellagic acids. Seeds contain petroselinic 
acid, n = 18.  . . . . . . . . . . 2. griselianaceae.
6 Funiculus thickened to form an obturator. 

Small trees with thick branches and broad 
pith. Secretory canals absent. Hairs both 
simple unicellular (in fl oral parts sometimes 
with transverse wall) and characteristic 
multicellular glandular hairs consisting of 
three or four cells. Primary cork with typi-
cal collenchyma. Vessel elements short, 
with simple perforations; lateral pitting 
opposite to alternate, without vestures pits. 
Fibers with minutely bordered pits, septate. 
Rays heterogeneous with long ends. Axial 
parenchyma scanty paratracheal. Nodes 
multilacunar. Crystals absent. Leaves alter-
nate, simple, more or less palmatilobed, 
entire or more often coarsely toothed, pal-
mately veined, long-petiolate, broadly 
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sheathed at base, estipulate. Stomata anomo-
cytic. Flowers small, in lax,  multifl owered, 
axillary panicles (thyrses), dioecious, actino-
morphic, bracteolate. Male fl owers: pedicel 
articulate; calyx 5-lobed, with short tube, 
lobes open, more or less unequal; petals 
fi ve, induplicate-valvate, concave, apex 
elongate, infl exed; stamens fi ve, alternipeta-
lous; fi laments short; anthers tetrasporan-
giate, basifi xed, opening longitudinally, 
latero-introrse; pollen grains 4-colporate, 
with short colpi, simple endoaperture and 
either granulose or superfi cially rugulate 
tectum with processes or projections that are 
«short capillilike» and in section are den-
ticulate; nectary disc more or less fl at; pistil-
lodia of 1–3 subulate processes in the middle 
of disc. Female fl owers: pedicel not articu-
late; calyx minutely and irregularly 
3–5-toothed; petals wanting; staminodia 
absent; nectary disc inconspicuous or absent; 
gynoecium of 3–4 carpels, with three short, 
thick, subulate, erect, or divaricate, papil-
lose free stylodia; ovary inferior, 3–4-locu-
lar with one apical, pendulous ovule per 
locule (often partly sterile); ovules anatro-
pous, apotropous, with micropyle directed 
inward. Fruits obliquely ovoid 3–4 locular, 
usually 1-seeded, rarely 2-seeded drupe 
crowned by persistent stylodia and with 
more or less circular opening into each 
empty chamber. Seeds linear with small, 
curved embryo at the apex of copious, fl eshy 
endosperm. Contains iridoid compound 
griselinoside; n = 12.  . .4. toricelliaceae.

6 Funiculus not thickened. Small trees. Hairs 
both unicellular and strongly asymmetrical, 
glandular trichomes. Secretory canals 
absent. Wood diffuse- porous. Pith with 
groups of sclereids. Vessels with scalari-
form perforations with up to 34 bars; lateral 
pitting opposite or sometimes scalariform. 
Fibers with minutely bordered pits mostly 
in radial walls, all septate; walls thin to 
thick. Rays multiseriate (up to 12 cells 
wide), heterogeneous. Axial parenchyma 
mostly paratracheal. Nodes multilacunar. 
Crystals absent. Leaves large, alternate, 
entire or more often deeply and irregularly 

pinnately lobed or partite with an end lobe, 
estipulate; epidermal cells large, sinuate, 
palisade cells lobed, tubular; petioles dilated 
and sheathing at base, with scattered bun-
dles. Stomata anisocytic. Flowers small 
(buds c 2.5 mm long), creamy or red-tinged, 
in large terminal much branched panicles or 
cymules, dioecious, actinomorphic. Pedicels 
articulated. Calyx with fi ve very small teeth. 
Petals fi ve, imbricate. Stamens fi ve, alterni-
petalous; fi laments fl attened, anthers round, 
tetrasporangiate, dorsifi xed, opening longi-
tudinally. Pollen grains 3-colporate, tectate, 
smooth, minutely perforate. Stamens in 
female fl owers sterile (staminodia). Nectary 
disc intrastaminal, represented in male 
fl owers by uniform cushion of tissue and in 
female fl owers by three (rarely four) gib-
bous stylopodia. Gynoecium of three (rarely 
four)  carpels; stylodia 3(-4), free, short, 
diverging, subulate from a broad base (sty-
lopodium), with terminal stigma; ovary 
inferior, with three (rarely four) loculi, of 
which all but one remain small with no ovu-
lar rudiments; the fertile locule with one 
pendulous ovule. Ovule anatropous, with 
dorsal raphe, unitegmic (with very massive 
integument), tenuinucellate. Fruits drupa-
ceous, large, ellipsoid, exocarp with net-
work surface and inconspicuous grooves 
near the apex, which represent incompletely 
lignifi ed vestiges of empty locules; meso-
carp fl eshy; endocarp hard, ridged. Seeds 
large, with 4–5 grooves; endosperm deeply 
ruminate, enclosing small embryo at the 
micropylar end. Plants contain the  iridoid 
glucosides griselinoside and aralioside, and 
caffeic acid. n = 20.  . . . . 3. aralidiaceae.

1. PENNANTIACEAE

J.G. Agardh 1858. 1/4. Eastern Australia (1, P. cun-
ninghamii), New Zealand (3).

Pennantia
The genus Pennantia has been assigned by different 

authors to Rhamnaceae, Euphorbiaceae, Terebintha-
ceae, Anacardiaceae, Icacinaceae. Considering these 
uncertainties, Agardh (1858) placed this genus in a 
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family of its own. According to recent studies 
Pennantiaceae belong to the Apiales (Kårehed 2001, 
2003).

2. GRISELINIACEAE

J.R. Forster et G. Forster ex A. Cunningham 1839. 1/7. 
New Zealand, Chile, Argentina, Paraguay, south-
eastern Brazil.

Griselinia
Usually Griselinia is included in the Cornaceae (in 

the tribe Griselinieae Wangerin, which contains two 
genera – Griselinia and Melanophylla). However, 
as Philipson (1967) and others have demonstrated, 
Griselinia differs from Cornaceae in a number of 
important characters, including alternate leaves, 
nodal anatomy, the presence of a hypodermis below 
the upper epidermis of leaves, encyclocytic stomata, 
the presence of spiral thickenings in both vessels 
and fi bers, imbricate petals, free or only shortly con-
nate stylodia, usually 1-locular ovary, and baccate 
fruits. Both in wood anatomy (Metcaife and Chalk 
1951) and fl oral vasculature (Philipson 1967) the 
Griseliniaceae have some similarities with Araliaceae. 
Molecular data also supported transfer Griselinia into 
Apiales.

3. ARALIDIACEAE

Philipson et B.C. Stone 1980. 1/1. Southern Thailand, 
peninsular Malaysia, Sumatra, Singapore, the Anambas 
Islands, and Borneo.

Aralidium
The genus Aralidium has been assigned by different 

authors to both the Araliaceae and the Cornaceae. 
From the Cornaceae it differs mainly in multilacunar 
nodes, pinnatifi d leaves, leaf sheaths, endocarp mor-
phology, pollen morphology, and ruminate endosperm. 
From the Araliaceae it differs in the absence of secre-
tory canals, peripheral origin of the ventral bundles of 
the ovary (they rise through the ovary wall and not the 
axis, and the central axis of the gynoecium has no vas-
cular bundles), the dorsal position of the raphe, the 
absence of the rudiment of second ovule, the presence 
of glandular hairs, and anisocytic stomata. In spite of 
some features it has in common with the Araliaceae, 
including sheathing base of the petiole, and some fea-

tures of wood anatomy, the genus Aralidium is not 
closely related with the Araliaceae and related fami-
lies. With the latter Aralidium shares characters such 
as dioecious fl owers, multilacunar nodes, paratracheal 
axial parenchyma, functionally unilocular ovary, three 
free stylodia, and the presence of griselinoside 
(Philipson et al. 1980).

4. TORICELLIACEAE

H. Hu 1934. 1/3. Eastern Himalayas (from western 
Nepal to Bhutan), northern Burma, continental west-
ern China.

Toricellia
The genus Toricellia is usually included in the 

Cornaceae. However, it differs from them in many 
characters, including multicellular glandular hairs, 
vessels with simple perforations, the presence of typi-
cal collenchyma, free stylodia, the presence of obtura-
tor, and especially in its very distinctive pollen type 
(Ferguson and Hideux 1978). Most probably related to 
the Aralidiaceae (Eyde 1988: 313).

5. MELANOPHYLLACEAE

Takhtajan ex Airy Shaw 1972. 1/6–8. Madagascar.
Melanophylla
Diverse opinions have been expressed as to the 

affi nities of this remarkable Madagascan genus. 
Generally, it is included in Cornaceae. However, the 
genus Melanophylla differs markedly from Cornaceae 
in alternate leaves with sheathing petioles, glandular 
hairs with spherical heads, racemose infl orescences, 
imbricate petals, and free stylodia. Plankett (2001) and 
Lundberg both suggest that the Melanophyllaceae 
and Griseliniaceae are successive lineages near the 
base of Apiales. Chandler and Plunkett (2004) include 
Melanophylla in their “Torricellia group”.

6. PITTOSPORACEAE

R. Brown 1814. 12/c.240. Tropical and subtropical 
regions of the Old World, mostly Australia (nine 
endemic genera); the largest and the only widely dis-
tributed genus Pittosporum (ca. 200) occurs from 
southern Africa to New Zealand and the Pacifi c Islands 
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with one outlier, P. coriaceum, on the island of Madeira 
and in a single locality in Tenerife.

pittosporeae: Pittosporum, Auranticarpa, 
Rhytido sporum, Bursaria, Hymenosporum; billar-
diereae: Citriobatus, Pronaya, Billardiera, 
Marianthus, Bentl eya, Sollya, Cheiranthera.

Pittosporaceae have many features in common with 
the Araliaceae and most probably originated from the 
same protoaralealean stock. In some respects 
Pittosporaceae are even less specialized than Araliaceae 
(usually well-developed calyx and superior ovary), but 
in some other respects, including wood anatomy, they 
are more advanced. As early as 1884, van Tieghem 
suggested that Pittosporaceae are probably rather 
closely related to the Araliaceae and Apiaceae. He 
especially emphasized the possession of schizogenous 
secretory canals and the similarity in the origin of lat-
eral roots in both families (secretory canals situated 
externally to the xylem inhibit the development of lat-
eral roots on the outer side of the xylem groups, and 
consequently they arise between the secretory passage 
opposite a xylem group and the neighboring secretory 
passage opposite a phloem group; see Metcaife and 
Chalk [1950: 129]). Later Solereder (1899) and Guenot 
(1906) have suggested on anatomical grounds that 
Pittosporaceae are related to the Araliaceae and 
Apiaceae. Schurhoff (1929) studied the embryology of 
Pittisporum and came to the same conclusion. Huber 
(1963) arrived at a similar conclusion. Finally, 
Hegnauer (1969) concluded that on phytochemical 
grounds the family is unlike members of the saxifraga-
ceous stock (accepted by many authors) and that the 
inclusion of the family in the Araliales «appears much 
more likely to refl ect its natural incorporation in the 
Resales.» According to Jay (1969), the Pittosporaceae 
should be placed near the Apiaceae rather than near the 
Saxifragaceae.

7. ARALIACEAE

A.L. de Jussieu 1789 (including Botryodendraceae 
J.G. Agardh 1858; Hederaceae Giseke 1792; Hydro-
cotylaceae N. Hylander 1945). 47–52/1325–1350. 
Tropical and subtropical regions, with relatively few 
genera in temperate regions; concentrated mostly in 
southern and southeastern Asia and Pacifi c islands 
(especially New Caledonia); one of the most archaic 
genus Myodocarpus is endemic to New Caledonia.

7.1 HYDROCOTYLOIDEAE
Mostly perennial herbs. Nodes trilacunar with three 
traces. Leaves rounded-peltate, crenate; stipules cau-
line. Stomata anisocytic. Gynoecium of two carpels. 
Carpophore undivided. – Hydrocotyle, Trachymene, 
Neosciadium.

7.2 ARALIOIDEAE
Trees, shrubs, woody lianad, rarely herbaceous plants. 
Nodes usually multilacunar or pentalacunar. Leaves 
pinnately or palmately compound, stipulate or estipu-
late, stipules when present intrapetiolar. Stomata 
mostly paracytic or anisocytic, rarely anomocytic. 
Gynoecium mostly of fi ve carpels. Carpophore usually 
absent. – schefflereae: Scheffl era (including 
Plerandra), Tupidanthus, Scheffl eropsis, Didymo-
panax, Eleutherococcus (Acanthopanax), Kalopanax, 
Opio panax, Tetrapanax, Merilliopanax, Dendropanax, 
Boerlagiodendron, Osmoxylon, Trevesia, Fatsia, 
Gastonia, Cussonia, Reynoldsia, Tetraplasandra, 
Munroidendron; meryteae: Meryta; hedereae: 
Hedera, Gamblea, Oreopanax, Astrotricha, Trevesia, 
Kissodendron, Brassaiopsis, Macropanax, Hetero-
panax, Arthrophyllum, Wardenia; aralieae: 
Polyscias, Pseudopanax, Raukaua, Sciadodendron, 
Pentapanax, Motherwellia, Sciadodendron, Aralia, 
Cephalaralia, etc; panaceae: Harmsiopanax, 
Panax. ?? Anakasia, Cheirodendrom.

8. MYODOCARPACEAE

Doweld 2001. 2/17. Eastern Malesia, New Caledonia, 
Vanuatu, Australia (Queensland).

Delarbrea (including Porospermum, 
Pseudosciadium), Myodocarpus.

Related to the Pittosporaceae and Araliaceae, but 
closely related to the Araliaceae.

9. APIACEAE

Lindley 1836 or Umbelliferae A.L. de Jussieu 1789 
(nom. altern.) (including Actinotaceae Konstantinova 
et Melikian 2006; Ammiaceae Barnhard 1895; Angeli-
caceae Martynov 1820; Bupleuraceae Martynov 1820; 
Coriandraceae Burnett 1835; Daucaceae Martynov 
1820; Eryngiaceae Rafi nesque 1838; Ferulaceae 
Saccardo 1872; Imperatoriaceae Martynov 1820; 
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Mackinlayaceae Doweld 2001; Saniculaceae A. Löve 
et Löve 1974; Smyrniaceae Burnett 1835). 435/3100–
3200. Cosmopolitan, but mainly temperate regions of 
the Northern Hemisphere (particularly Mediterranean 
and Irano-Turanian regions).

Closely related to the Araliaceae.

9.1 APIOIDEAE
Fruits with a soft parenchymatous endocarp, some-
times hardened by woody subepidermal layers. 
Stylodia on apex of disc. – echinophoreae: Echino-
phora, Anisosciadium, Dicyclophora, Pycnocycia, 
Thecocarpus, Ergocarpon; scandiceae: Scandix, Physo-
 caulis, Chaerophyllum, Grammosciadium, Anthriscus, 
Myrrhis, Geocaryum, Rhabdosciadium, Myrrhoides, 
Osmorhiza, Sphallerocarpus, Kozlovia, Krasnovia, 
Balansaea, Molopospermum, Tinguarra, Noecono-
podium, Athamanta, Conopodium, Oreomyrrhis, 
Ptychotis, Hladnikia; heteromorpheae: Hetero-
morpha, Anginon, Dracosciadium, Glia, Polemannia; 
caucalideae: Astrodaucus, Caucalis, Daucus, Exoa-
cantha, Lisaea, Orlaya, Torilis, Turgenia, etc.; 
 coriandreae: Schrenkia, Coriandrum, Bifora, Koso-
pol janskia, Fuernrohria, etc.; smyrnieae: Scaligeria, 
Smyrnium, Oreomyrrhis, Smyrniopsis, Conium, 
Tauschia, Arracacia, Lecokia, Trachydium, Cachrys, 
Prangos; PLEUROSPERMEAE: Pleurospermum, 
Eleutherospermum, Aulacospermum, Physospermum; 
ERIGENIEAE: Erigenia; hohenackerieae: Hohena-
ckeria; pyramidoptereae: Pyramidoptera; apieae: 
Bupleurum, Trinia, Szovitsia, Aphanopleura, Froriepia, 
Apium, Petroselinum, Cicufa, Trachyspermum, Crypto-
taenia, Ammi, Falcaria, Carum, Bunium, Chamaes-
ciadium, Conopodium, Pimpinella, Aegopodium. Slum, 
Crithmum, Seseli, Oenanthe, Aethusa, Athamanta, 
Foeniculum, Ligusticum, etc.; angeliceae: Angelica, 
Agasyllis, Chymsydia, etc.; peucedaneae: Myrrhi-
dendron, Diplotaenia, Johrenia, Cymbocarpum, Ferula, 
Ferulago, Dorema, Opopanax, Peucedanum, Anethum, 
etc.; tordylieae: Pastinaca, Heracleum, Tordylium, 
Malabaila, Stenotaenia, Zosima, etc.: laserpitieae: 
Laserpitium, Polylophium, Thapsia, Elaeoselinum, etc.

9.2 SANICULOIDEAE
Fruits with a soft parenchymatous endocarp, but contain-
ing scattered druses. Base of the stylodia surrounded by 
a ring-like disc. – saniculeae: Sanicula, Polemannio-
psis, Steganotaenia, Hacquetia, Astrantia, Actinolema, 
Alepidea, Eryngium; lagoecieae: Lagoecia, Petagnaea.

9.3 AZORELLOIDEAE
Leaves compound, stipulate. Fruits dorsally fl attened, 
with woody endocarp; n = 8. – Azorella, Bowlesia, 
Diplaspis, Oschatzia, Homalocarpus, Drusa, Huanaca, 
Spananthe, Diposis, Mulinum, Schizeilema, Laretia, 
Dichosciadium, Dickinsia, Hermas, Choritaenia, 
Bolax, Pozoa, Asteriscium, Gymnophyton, Eremocharis, 
Domeykos, Stilbocarpa; Homalosciadium, Trachy-
mene, Uldinia, Klotzschia, Naufraga, Schoenolaena, 
Pentapeltis, Chlaenosciadium, Brachyscias.

9.4 MACKINLAYOIDEAE
Woody or herbaceous plants. Axial parenchyma apo-
traceal or paratracheal. Leaves palmately compound 
(Mackinlaya). Infl orescences panicles or racemes, 
often of umbels; carpophore present. Fruits laterally 
fl attened. – Apiopetalum, Mackinlaya, Centella, 
Micropleura, Actinotus, Platysace, Xanthosia.
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Superorder ASTERANAE

Order 115. ROUSSEALES

Small trees or shrubs, or (Rousseaceae) climbing shrubs. 
Vessels with scalariform perforation; lateral pitting 
scalariform to alternate, or occasionally transitional. 
Fibers with bordered pits. Rays mostly heterogeneous. 
Axial parenchyma scanty paratracheal, or diffuse-in-
 aggregates. Sieve-elements plastids of S-type. Nodes 
trilacunar. Leaves alternate, opposite or verticillate, estip-
ulate. Stomata anomocytic. Flowers small, in terminal 
and axillary panicles, or fl owers solitary, actinomorphic, 
mostly bisexual, rarely unisexual, polygamo-dioecious. 
Sepals 4–5, or 5–6, valvate, persistent or deciduous. 
Petals 4–6, valvate, persistent or deciduous. Stamens 
free or connate; anthers tetrasporangiate, opening longi-

tudinally. Tapetum secretory. Microsporogenesis simul-
taneous. Pollen grains 3-celled, mostly 3-colporate, 
rarely (Roussea) pantoporate. Nectary disc present. 
Gynoecium of 5–7 or 3–5 (Carpodetaceae) united car-
pels; style thick or slender with capitate or lobed stigma. 
Ovary superior or semi-inferior to inferior, (4-)5–7-loc-
ular. Ovules numerous, anatropous, unitegmic, tenu-
inucellate. Female gametophyte of Polygonum-type. 
Endosperm cellular. Fruits baccate. Seeds numerous, 
small; embryo small; endosperm copious.

Rousseales belong to Asteranae, and occupied the 
basal position there (see Soltis et al. 1997a, b; Savolainen 
et al. 2000; Bremer et al. 2002; Soltis et al. 2006).

Key to Families
1 Climbing shrubs, sometimes strangler, up to 4 m in 

height. Trichomes glandular-peltate with multicel-
lular heads, or unicellular, borne either solitary or in 
clusters; resin canals present. Vessels with very 
oblique end walls and exclusively with scalariform 
perforations that have an average of 20 (up to 64) 
bars; lateral pitting scalariform or occasionally 
transitional. Fibers short, with bordered pits. Rays 
tri- to multiseriate, hetero geneous and comprise 
procumbent, upright, and square cells. Axial paren-
chyma scanty paratracheal. Leaves opposite and 
verticillate, simple, petiolate,  serrate-glandular, 
with unicellular conic hairs and wartlike cuticle 
protrusions on both surfaces and peltate, multicel-
lular, and stalked glands on the lower surface and 
on the petiole, estipulate; petiole with radially elon-
gated, schizogenous resin canals. Flowers solitary 
or few in the leaf axils, arising from bracteate buds, 
nodding; pedicels thick, arcuate. Copious amounts 
of nectaries present in fl owers (Koontz et al. 2007). 
Calyx 4–5, united at the base, calyx lobes rather 
large, thick, valvate, persistent. Petals thick, hairy, 
connate into a 4–5-lobed tube, revolute at the apex, 
villous outside, persistent, valvate in bud. Stamens 
alternating with petals, inserted within the lobes of 
the nectary disc; anthers large, oblong-sagittate, 
basifi xed, extrorse. Pollen grains in monads, 5–6- 
or 8-porate, with smooth and complete tectum. 
Style thick, persistent, expanding apically; stigma 
capitate, 4–5-lobed, stigmatic lobes narrower, erect, 
with revolute margins and like an indusium. Ovary 
superior, piramidal, (4-)5–7- locular, with numerous 
ovules many-seriate on thick, axile placentas. 
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Micropylar haustoria and a fi lamentous suspensor 
are developed. Fruits large, pale green, fl eshy ber-
ries, acutely 5–7-angled, angles dilated at the base, 
(4-)5–7 locular. Seeds numerous, fl attened, ovoid, 
exotestal. Testa with elongated epidermis cells with 
a strongly undulating outline and thickened and lig-
nifi ed cells walls (Lundberg 2001). Embryo minute, 
straight; endosperm copious.. . . . 1. rousseaceae.

1 Evergreen trees to 20 m tall or shrubs with unicel-
lular haris. Young branchlets, petioles, peduncles, 
and pedicels pubescent. Vessels with long scalari-
form perforation plates; lateral pitting scalariform 
to alternate. Fibers with bordered pits. Rays broad, 
heterogeneous, with prismatic crystals in cells. 
Axial parenchyma sparse and predominantly dif-
fuse or diffuse-in- aggregates. Leaves alternate, 
sharply glandular-serrate, with domatia on the 
abaxial surface in the axils of the secondary veins. 
Flowers small, white, in terminal and axillary pani-
cles. Calyx tube turbinate, adnate to ovary, lobes 
5–6, short, deciduous. Petals 5–6, inserted under 
margin of epigynous nectary disc, deciduous, val-
vate. Stamens (4-)5(-7), alternipetalous; fi laments 
free, short, sometimes hairy; anthers oblong, 
introrse. Pollen grains in tetrahedral tetrads, 3-col-
porate. Gynoecium of 3–5 carpels; style slender, 
with capitate stigma; ovary semi-inferior or infe-
rior; ovules numerous, many-seriate on placentas 
projecting into the loculi. Fruits 3–5-locular, berry-
like, with more or less leathery pericarp, surrounded 
in the middle by the scar of calyx. Seeds numer-
ous, small, pendulous, ovoid, with elongated 
funiculus; testa coriaceous, foveolate; embryo 
small, terete, at the base of copious, fl eshy 
endosperm. Contain leucodelphinidin, quercetin 
and kaempferol; n = 14, 15. . . 2. carpodetaceae.

1. ROUSSEACEAE

A.P. de Candolle 1839. 1/1. Mauritius.
Roussea
Systematic position of Roussea is debatable. 

Hutchinson (1967) put it in the Escalloniaceae. 
According to Lundberg (2001), Roussea is close related 
to Carpodetus and they even combine their Carpodetaceae 
sensu lato (which includes also Abrophyllum and 
Cuttsia) with Rousseaceae. However, I prefer to keep 
Rousseaceae as a separate family.

2. CARPODETACEAE

Fenzl 1841. 1/10. New Guinea, Solomon Islands, New 
Zealand, and Stewart Island.

Carpodetus
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Order 116. CAMPANULALES

Mostly herbs (perennial or rarely annual), but some-
times secondarily woody (shrubs or less often small 
trees). Hairs when present mostly unicellular. In leaves 
and stems (Campanulaceae) articulated, anastomosing 
laticifers forming a well-developed system in the 
phloem and commonly extending into the surround-
ing tissues. Vessels mostly with simple or less often 
 scalariform perforations, or scalariform and simple; 
lateral pitting scalariform to alternate. Wood paren-
chyma absent or indistinct. Fibers with simple or indis-
tinctly bordered pits. Rays commonly 4–8 cells wide. 
Axial parenchyma scanty paratracheal or often want-
ing. Nodes usually unilacunar. Sieve-element plastids 
of S-type. Leaves alternate or sometimes opposite, 
rarely (Ostrowskia) verticillate, simple, entire, estipu-
late. Stomata commonly anomocytic. Flowers in vari-
ous cymose or more often racemose infl orescences, 
sometimes solitary, usually bracteate and often brac-
teolate, bisexual or rarely unisexual, actinomorphic to 
zygomorphic, mostly with 5-merous perianth and 
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androecium. Calyx (2-)5(-10)-lobed, lobes imbricate or 
valvate. Corolla usually 5-lobed, lobes valvate (some-
times induplicate) or less often imbricate (Sphenocleaceae). 
Stamens as many as petals and alternate with them, or 
2–3, seemingly free from the corolla and attached to the 
annular, epigynous nectary disc or variously attached to 
the corolla tube; fi laments free, or variously coherent or 
connate, the fi lament bases often expanded, forming a 
dome-shaped chamber over the nectary disc (the latter 
enlarged and  glandlike in Adenophora), anthers bas-
ifi xed, introrse or extrorse, tetrasporangiate, opening 
longitudinally. Tapetum secretory. Microsporogenesis 
simultaneous. Pollen grains 2-celled or less often 
3-celled, colpate, colporate, or porate. Gynoecium of 
2–10 carpels; style simple or lobed; ovary inferior or 
seldom semi- inferior, rarely superior, 1–3-locular with 
two parietal placentas (as in some Lobelioideae), or 
often with as many locules as carpels, commonly 
crowned by nectary disc. Ovules usually numerous, 
anatropous, unitegmic, tenuinucellate, with well-devel-
oped endothelium. Female gametophyte of Polygonum-
type. Endosperm cellular, with typical terminal haustoria 
(but only in Pentaphragmataceae with micropylar haus-
torium). Fruits usually capsules, loculicidal, septicidal, 
or less often poricidal, in Sphenocleaceae and Parischella 
circumscissile (pyxidia), but sometimes indehiscent. 
Seeds with small, winged, or wingless, usually straight 
embryo and usually copious, oily or rarely starchy 
endosperm. Iridoids wanting, alkaloids usually present, 
cyanogenic; storing carbohydrate as inulin, n = 5–20, 
rarely up to 56.

Via the Pentaphragmataceae and archaic genus 
Cyananthus the order Campanulales is connected with 
the Desfontainiales, especially with Escalloniaceae 
(Takhtajan 1987).

Key to Families
1 Plants without laticifers. Flowers lacking any spe-

cialized mechanism for secondary pollen presenta-
tion. Inulin and alkaloids absent.
2 Vessels with scalariform perforations with 

numerous bars. Fiber-tracheids with prominently 
bordered pits. Perennial coarse herbs often with 
fl eshy or succulent stems. Leaves alternate, often 
relatively large, petiolate, simple, entire or den-
tate, usually strongly asymmetric at base, often 
with branching hairs. Stomata anomocytic, sur-
rounded by three or four cells somewhat differ-
entiated from the ordinary epidermal cells. 

Flowers in dense, axillary or extra-axillary, sym-
podial helicoid cymes with usually conspicuous 
membranous bracts, bisexual or rarely unisexual 
(plant dioecious). Sepals fi ve, unequal, imbri-
cate, persistent. Corolla usually fl eshy or carti-
laginous, rarely delicate, persistent, seemingly 
choripetalous in some species, with fi ve, rarely 
(Pentaphragma tetrapetalum) four, valvate lobes 
or petals. Stamens 5(4), alternating with petals, 
inserted in the throat of the corolla tube, shortly 
below sinuses or on the margins of the top of 
ovary in choripetalous species; fi laments free, 
fl attened, or anthers sessile (rarely fi laments 
almost wanting); anthers 2-thecal. Pollen grains 
2-celled, 3-colpate or 3-colporate, trilobate, 
smooth. Floral nectaries present and nectar secre-
tion from between the hypanthium and the gynoe-
cium, creating 4–5 nectariferous channels. 
Gynoecium of 2(3) carpels; style short and thick, 
with massive glabrous stigma; ovary 2(3)-locular, 
inferior, adnate to the fl oral tube only by means of 
fi ve narrow longitudinal septa formed by continu-
ation of fi laments, which leave intervening lacu-
nae or pits in which nectar is produced. Ovules 
numerous on bifi d axile placenta, pendulous. 
Endosperm only with micropylar haustorium. 
Fruits berries with the perianth persisting at the 
tip. Seeds minute, exotestal cells cuboid, inner 
walls lignifi ed; endosperm copious, starchy; n = 
54–56. . . . . . . . . . . . . 1. pentaphragmataceae.

2 Vessels with simple perforations. Annual herbs. 
Stem somewhat succulent and with large, verti-
cal, cortical air canals, and pericyclic scleren-
chyma. Leaves alternate, entire, papillose; the 
mesophyll containing calcium oxalate crystals. 
Stomata tetracytic. Flowers in dense terminal 
spikes, in the axils of small bracts and bibrac-
teolate, bisexual, actinomorphic, 5-merous. 
Sepals fi ve, with imbricate lobes, persistent. 
Corolla small, caducous, urceolate-campanulate, 
with fi ve imbricate lobes. Stamens as many as 
and alternate with petals, attached to the base of 
corolla tube; fi laments short, free; anthers dorsi-
fi xed, introrse. Pollen grains 3-celled, 3-colporate 
to colporoidate, reticulate. Nectary disc wanting. 
Gynoecium of two carpels; stigma sessile or on 
very short style, capitate; ovary 2-locular, inferior 
or semi-inferior. Ovules numerous on the large, 
spongy, pendulous placenta. Endosperm with ter-
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minal haustoria. Embryogeny of Onagrad-type. 
Fruits membranous pyxidia. Seeds small, with 
straight embryo and very scanty or no endosperm; 
exotestal cells with inner walls thickened. 
Producing fructose with isokestose linkages, n = 
12, 16, 20, + .  . . . . . . . . . . .2. sphenocleaceae.

1 Plants with network of articulated laticifers. Flowers 
usually with specialized mechanisms for pollen pre-
sentation. Anthers free or imperfectly connate. Inulin 
present. Alkaloids present or absent. Perennial or 
less often biennial or annual herbs, or less often 
shrubs, woody lianas (sometimes twining), treelets 
or trees to 15 m tall, typically terrestrial, rarely aquatic 
or epiphytic; trichomes typically unicellular or some-
times uniseriate. Vessels commonly with simple per-
forations, but some genera (Cyananthus, Platycodon, 
Canarina, Musschia) have scalariform perforations 
with 1–8 bars; or scalariform and simple, lateral pit-
ting scalariform to alternate. Rays wide, consisting 
mostly of upright cells. Axial parenchyma wanting 
or indistinct. Nodes unilacunar with one trace. Leaves 
alternate, sometimes opposite, entire to pinnately 
divided, petiolate or subsessile; leaves of hydro-
phytes submerged and emergent. Stomata anomo-
cytic. Flowers mostly in cymose or racemose 
infl orescences, solitary and axillary, usually bisexual, 
actinomorphic, or more or less zygomorphic; bracts 
foliose or reduced, rarely absent; pedicels often brac-
teolate. Calyx (3-)5(-10)-lobed, the lobes imbricate 
or valvate; sometimes basally appendaged, the odd 
lobe is dorsal (posterior). Corolla campanulate to 
tubular, the lobes valvate or rarely induplicate. 
Stamens as many as the corolla lobes and alternate, 
inserted near the base of corolla or on the nectary 
disc or rarely (Siphocodon and Rhigiophyllum) partly 
epipetalous; fi laments usually free; anthers basifi xed, 
rarely (Berenice) dorsifi xed, introrse, usually con-
nivent, but commonly separating after anthesis. 
Pollen grains in tetrahedral or isobilateral tetrads, 2- 
or 3-celled, 5–10-colpate (Cyananthus, Codonopsis, 
Leptocodon), 6-colpate (Parishella), (2)3(4)-colpo-
rate, 5–6-colporate, or more often 3–8-zonoporate, 
rarely pantoporate, echinate. Gynoecium mostly of 
2–10, mostly three carpels; style terminates in a more 
or less lobed stigma and is provided with collecting 
hairs below the stigma; the stylar hairs eventually 
 invaginate, dislodging pollen grains. Ovary inferior 
or rarely semi-inferior or even superior, often 
crowned by nectary disc, with as many locules as 

carpels or rarely 1- locular. Ovules mostly numer-
ous, horizontal on axile  placentas, rarely placenta-
tion apical Siphocodon) or (Merciera) basal. Fruits 
septicidal or loculicidal, or valvular capsules, which 
open by valves, slits or pores, located either at the 
apex of the ovary (i.e. above the calyx lobes) or on 
the lateral walls of the hypanthium (i.e. below the 
calyx lobes), or splitting irregularly, often crowned 
by the persistent calyx lobes, rarely baccate 
(Canarinoideae and Clermontia in Lobelioideae) or 
very rarely (Theodoravia) schizocarp. Seeds numer-
ous, small, winged or wingless; exotesta of lignifi ed 
cuboid or fi briform cells, endotestal cells thickened; 
embryo straight; endosperm fl eshy, oily, or rarely 
starchy endosperm. Alkaloids and fl avonols present 
or absent, contain tyrosine-derived (with triglochi-
nin); producing 14-carbon polyacetelenes, ursolic 
and caffeic acid; very commonly inulin; iridoids 
and tannins wanting, n = 6–21, 23–30, 32, 34–36, 
40, 45, 48, 51, 52 (the commonest number is 17).
. . . . . . . . . . . . . . . . . . . . . . . . 3. campanulaceae.

1. PENTAPHRAGMATACEAE

J. Agardh 1858. 1/c.30. Lower Burma, southern China, 
Indochina, Malesia to New Guinea.

Pentaphragma
It is a relatively less specialized member of the 

order. However, infl orescences, pollen grains, fruits, 
and seed coat are characterized by a number of derived 
characters. Pentaphragmataceae are probably nearest 
to the ancestral stock of the Campanulales. Rather 
 isolated within the order.

2. SPHENOCLEACEAE

Baskerville 1839. 1/2. One species pantropical, another 
one in West Africa.

Sphenoclea
An isolated family with a number of unique  features, 

but it defi nitely belongs to the Campanulales.

3. CAMPANULACEAE

A.L. de Jussieu 1789 (including Cyananthaceae J. 
Agardh 1858; Cyphiaceae A.P. de Candolle 1839; 
Cyphocarpaceae Reveal et Hoogland 1996; Dortman-
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naceae Ruprecht 1856; Jasionaceae Dumortier 1829; 
Lobeliaceae A.L. de Jussieu 1813; Nemacladaceae 
Nuttall 1842). 92/2000–2400. Very widely distributed, 
especially in the temperate regions of the Northern 
Hemisphere but relatively sparsely developed in the 
tropics. There are only a few endemic genera in South 
Africa and adjacent islands of Indian Ocean (including 
monotypic Berenice on Reunion). In Australia, 
Tasmania, and New Zealand there are only several 
 species of Wahlenbergia, a large complex subcos-
mopolitan widespread in the Southern Hemisphere.

3.1 CYANANTHOIDEAE (subfam. nov. basionym: 
Cyanantheae Meissner 1840)
Pollen grains 4–10-colpate or 5–6-colporate. Vessels 
with both simple and scalariform perforations. Ovary 
superior to semi-inferior. Calyx lobes without append-
ages between them. Fruits capsular, dehiscing by  apical 
valves. – cyanantheae: Cyananthus;  codonopsideae: 
Codonopsis, Numaeacampa, Leptocodon; platy-
codoneae: Platycodon.

3.2 CANARINOIDEAE
Pollen grains 3(4)-colporate to 3-porate. Vessels with 
both simple and scalariform perforations. Ovary inferior, 
4–7-locular. Fruits baccate. – Canarina, Campanumoea.

3.3 OSTROWSKIOIDEAE
Pollen grains compressed-spheroidal, with strongly 
perforate tectum and massive endexine, but without 
footlayer, 5–7-aperturate, apertures poroid, elongate-
oval; ornamentation gemmate, with two different types 
of gemmae – numerous small and sparsely dispersed 
large ones. Vessels only annular and helical. Vascular 
bundles widely separated. Pith and primary cortex well 
developed. Calyx lobes without appendages. Corolla 
very large (up to 10 cm long). Anthers with a placen-
toid. Gynoecium of (5-)7(-9) carpels; ovules with 
 massive integument. Fruits large capsules with oblong, 
longitudinal pores of dehiscence, twice as many as 
sepals; each pore is covered by translucent tissue that 
later ruptures by vertical fi ssure in the middle. Seeds 
winged. High geophytes with thick stem and tuberous 
root. – Ostrowskia, Central Asia.

3.4 CAMPANULOIDEAE
Pollen grains zonoporate or sometimes pantoporate. 
Roots often thick. Vessels usually with simple perfora-
tions. Ovary inferior or semi-inferior, rarely nearly 

superior. Calyx with or without appendages between 
the lobes. Fruits capsules, dehiscing in various ways in 
different genera. – wahlenbergieae: Wahlenbergia 
(including Cephalostigma), Berenice, Theilera, 
Gunillaea, Nesocodon, Heterochaenia, Microcodon; 
azorineae: Azorina; musschieae: Musschia; echi-
nocodoneae: Echhinocodon; campanuleae: Campan-
ula (including Hyssaria, Annaea, Fedorovia, Mzymtella, 
Megalocalyx, Sicyocodon), Gadellia, Symphyandra, 
Zeugandra, Brachycodonia, Hanabusaya, Adenophora, 
Popoviocodonia, Astrocodon, Trachelium, Feeria; 
peracarpeae: Peracarpa, Homocodon; michauxieae: 
Michauxia; phyteumateae: Phyteuma, Physoplexis, 
Asyneuma, Sergia, Petromarula, Cryptocodon, Cylindro-
carpa, Legouzia, Triodanis, Heterocodon, Githopsis; 
edraiantheae: Edraianthus, Muehlbergella; jasion-
eae: Jasione; prismatocarpeae: Prismatocarpus, 
Namacodon, Roella, Craterocapsa, Treichelia; siphoc-
odoneae: Siphocodon, Rhigiophyllum; merciereae: 
Merciera.

3.5 NEMACLADOIDEAE
Pollen grains 6-colpate (Parishella) or 3-colporate, with 
spinules. Stamens inserted a top the ovary. Nemacladus 
has groups of remarkable refl exed pseudonectaries 
at the bases of two fi laments. Small, annual or 
(Pseudonemacladus) perennial herbs with erect or pros-
trate stems and without tubers. Leaves small, basal. 
Flowers small, in racemes or capitate clusters. Calyx 
5-lobed. Corolla bilabiate, with two ventral and three 
dorsal lobes and lack any sort of palate. Filaments con-
nate in their upper or middle parts; anthers distinct. 
Stigma 2-lobed. Ovary inferior, 2-locular, with 
numerous ovules. Fruits capsules, 2- or 4-valved from 
the tip or (Parishella) its low-conic apex circumscis-
sile just above the calyx lobes. Seeds minute, n = 9. 
– Pseudonemacladus, Nemacladus, Parishella.

3.6 CYPHOCARPOIDEAE
Pollen grains 3-colporate, with characteristic reticulate 
ornamentation. Stamens epipetalous. Annual herbs. 
Leaves spinulose-sinuato-dentate, rigid. Flowers ses-
sile, solitary in the axils of the upper leaves, often 
in leafy spikes, with two leafl ike bracteoles. Calyx 
5-lobed. Corolla bilabiate, with one-lobed upper (dor-
sal) lip and four-lobed ventral lip with a gibbous pal-
ate; corolla tube curved, long. Stamens attached to the 
corolla tube under the limb; fi laments short, distinct; 
anthers basifi xed, introrse. Style fi liform, glabrous, 
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apically curved, surrounded at the base by fl eshy annu-
lar nectary disc; stigma divided into two broad lobes 
with a small, sticky gland between the lobes; lobes of 
the closed stigma are externally covered with setulose 
hairs; lobes of the open stigma are glabrous (the exter-
nally hairy stigma functions as a collector of pollen); 
ovary 2-locular, with numerous ovules on very thin 
septa (fused intrusive placentas), which in very early 
stage begins to separate from the ovary wall and trans-
forms into free-central placenta. Fruits membranous 
capsules crowned by the calyx lobes. Seeds numerous, 
cylindrical, longitudinally costate. – Cyphocarpus.

3.7 CYPHIOIDEAE
Pollen grains 3-colporate, nanogranulate, almost 
smooth. Style in the upper part with a fl uid-fi lled stig-
matic cavity communicating with the air through a small 
lateral aperture. Perennial herbs usually with a subter-
ranean root tuber containing both inulin and starch. 
Stems erect or twining. Leaves alternate, radical or cau-
line, entire, dentate or divided. Flowers zygomorphic, in 
racemes, bracteate and with two bracteoles. Calyx 
5-lobed; the odd (unpaired) lobe originates in a ventral 
(anterior) position. Corolla either split to the base into 
two lips with the upper lip 3-lobed and the lower lip 
consisting of two free petals, or all petals united into a 
tube with a 5-lobed limb. Stamens fi ve, free from petals; 
fi laments free or more or less connate at the base; anthers 
free or apically loosely united, glabrous or more or less 
pubescent on the back of the connective. Gynoecium of 
two carpels; style shorter than the stamens, obliquely 
clavate, crowned by hairs; ovary semi-inferior to semi-
superior, 2-locular, with usually many ovules per locule. 
Fruits capsules dehiscing  loculicidally by two apical, 
usually bifi d valves. Seeds minute, numerous, with 
reticulate testa, n = 9. – Cyphia.

3.8 LOBELIOIDEAE
Flowers resupinate at anthesis (except Downingia laeta) 
and with specialized mechanism for protandrous pollen 
presentation. Herbs or less often more or less woody, 
sometimes (Brighamia) with succulent stem. Vessels 
with simple perforations. Fibers with simple pits. 
Rays heterogeneous. Axial parenchyma scanty para-
tracheal. Leaves alternate, entire to pinnately divided. 
Flowers usually in racemose infl orescences, bisexual 
or rarely unisexual, more or less zygomorphic. Calyx 
5-lobed. Corolla bilabiate or unilabiate, the odd lobe 
originates in a dorsal position. Stamens fi ve, inserted 

at the base of the corolla tube or at the annular nectary 
disc; fi laments connate for at least part of their length; 
anthers connate into a tube around the style; the two 
ventral anthers are shorter than the other three. Pollen 
grains usually 3-colporate or sometimes 3- colpate, 
usually reticulate-striate, never echinate. Gynoecium 
of two carpels; style provided with a brush of collect-
ing hairs below the initially appressed stigmas; ovary 
inferior or rarely semi-inferior (Diastatea), usually 
2-locular, with numerous ovules. Fruits capsular and 
variously dehiscent or rarely baccate (Clermontia). 
Seeds numerous, small, with small, straight embryo 
and copious endosperm. Producing pyridine alkaloids 
(which commonly accumulate in the latex), chelidonic 
acid and 14-carbon polyacetylenes, but no caffeic acid. 
n = 6–7, commonly 14. – lobelieae: Siphocampylus, 
Diastatea, Laurentia, Palmerella, Solenopsis, Hippobroma, 
Porterella, Isotoma, Lobelia, Trimeris, Wimmerella, 
Trematolobelia, Grammatotheca, Monopsis, Heterotoma, 
Dialypetalum, Ruthiella, Legenere, Unigenes, Downingia, 
Howellia, Brighamia, Sclerotheca, Apetahia, Lysipomia; 
delisseeae: Pratia, Hypsela, Burmeistera, Centropogon, 
Delissea, Cyanea, Clermontia, Rollandia, Dielsantha.

Bibliography

Adamson RS. 1951. A revision of the genera Prismato-carpus 
and Roella. South Afr. J. Bot. 17: 93–166.

Adamson RS. 1954. The genus Merciera A. DC. South Afr. 
J. Bot. 20: 157–163.

Airy Shaw HK. 1954. Pentaphragmataceae. In: CGGJ van 
Steenis, ed. Flora malesiana ser. 1, 4(1): 517–528.

Avetisian EM. 1948. Pollen of the Caucasian representatives of 
the fam. Campanulaceae. Trudy Bot. Inst. Armenian Acad. 
Sci. 1948: 198–206 (in Russian).

Avetisian EM. 1967. Pollen morphology of the family Campanu-
laceae and related families (Sphenocleaceae, Lobeliaceae, 
Cyphiaceae) in relation to their systematics and phylogeny. 
Trudy Bot. Inst. Armenian Acad. Sci. 16: 5–41 (in Russian).

Avetisian EM. 1973. Palynology of the order Campan-ulales 
s. 1. In: Spores and pollen morphology of recent plants, 
pp. 90–93. Proc. 3rd Int. Palynol. Conf., Acad. Sci. USSR. 
Leningrad (in Russian).

Avetisian EM. 1986. Palynomorphology of the families 
Campanulaceae, Sphenocleaceae, and Pentaphragmataceae. 
Bot. Zhurn. 71: 1003–1010 (in Russian with English 
summary).

Avetisian EM. 1988. Palynology of the superorder Campanulanae. 
Ph.D. dissertation, University of Erevan (in Russian).

Ayers TJ. 1990. Systematics of Heterotoma (Campanulaceae) 
and the evolution of nectar spurs in the New World 
Lobelioideae. Syst. Bot. 15: 296–327.



490 Subclass VII. ASTERIDAE

Ayers T and R Haberle. 1999. Systematics of Cyphocarpus 
(Campanulaceae): placement of an evolutionary enigma. In: 
XVI Int. Bot. Congr. Abstracts, p. 196. Missouri Botanical 
Garden, St. Louis, MO.

Badre E, Th Cadet, and M Malplanche. 1972. Etude systematique 
et palynologique du genre Heterochaenia (Campanu laceae) 
endemique des Mascareignes. Adansonia, ser. 1, 12: 267–278.

Batterman MRW and TG Lammers. 2004. Branched foliar 
trichomes of Lobelioideae (Campanulaceae) and the infrage-
neric classifi cation of Centropogon. Syst. Bot. 29: 448–458.

Belyaev AA. 1984a. Seed anatomy of some representatives of 
the family Campanulaceae. Bot. Zhurn. 69: 585–594 (in 
Russian with English summary).

Belyaev AA. 1984b. Ultrastructure of the surface and some mor-
phological characteristics of seeds of some representatives of 
the family Campanulaceae. Bot. Zhurn. 69: 890–898 (in 
Russian with English summary).

Belyaev AA. 1985. New data on the anatomical structure of seed 
coat and ultrastructure of seed-surface of two representatives 
of the genus Pentaphragma (Campanulaceae). Bot. Zhurn. 
70: 955–957 (in Russian with English summary).

Belyaev AA. 1986. Features of the anatomy and ultrastructure of 
the surface of the seed coat in some species of critical genera 
of the family Campanulaceae. Bot. Zhurn. 71: 1371–1375 
(in Russian with English summary).

Bigazzi M. 1986. Ultrastructural and cytochemical observa-
tions on fi brillar intranuclear inclusions in the family 
Campanulaceae. Caryologia 39: 199–210.

Buss CC, TG Lammers, and RR Wise. 2001. Seed coat mor-
phology and its systematic implications in Cyanea and other 
genera of Lobelioideae (Campanulaceae). Am. J. Bot. 88: 
1301–1308.

Candolle AP de. 1830. Monographic des Campanulees. Paris.
Carlquist S. 1969. Wood anatomy of Lobelioideae (Campanu-

laceae). Biotropica 1: 47–72.
Carlquist S. 1997. Pentaphragma: a unique wood and its signifi -

cance. IAWA J. 18: 3–12.
Carolin RC. 1960. The structures involved in the presentation of 

pollen to visiting insects in the order Campanulales. Proc. 
Linn. Soc. N. S. W. 85: 197–207.

Carolin RC. 1967. The concept of the infl orescence in the order 
Campanulales. Proc. Linn. Soc. N. S. W. 92: 7–26.

Chapman JL. 1966. Comparative palynology in Campanulaceae. 
Trans. Kansas Acad. Sci. 69: 197–204.

Cosner ME, RK Jansen, and TG Lammers. 1994. Phylogenetic 
relationships in the Campanulales based on rbcL sequences. 
Plant Syst. Evol. 190: 79–95.

Cosner ME, LA Raubeson, and RK Jansen. 2004. Chloroplast 
DNA rearrangements in Campanulaceae: phylogenetic util-
ity of highly rearranged genomes. Mol. Phylogenet. Evol. 4: 
27, see http://www.biomedcentral.com/1471–2148/4/27

Crete P. 1951. Repartition et interet phylogenetique des albu-
mens a formations haustoriales chez les Angi-ospermes et 
plus particulierement chez Gamopetales. Ann. Sci. Nat. 2nd 
ser. 12: 131–191.

Dunbar A. 1975a. On pollen of Campanulaceae and related fam-
ilies with special reference to the surface ultrastructure: I. 
Campanulaceae subfam. Campanuloideae. Bot. Not. 128: 
73–101.

Dunbar A. 1975b. On pollen of Campanulaceae and related fam-
ilies with special reference to the surface ultrastructure: 

II. Campanulaceae subfam. Cyphioideae and subfam. 
Lobelioideae; Goodeniaceae; Sphenocleaceae. Bot. Not. 
128: 102–118.

Dunbar A. 1978. Pollen morphology and taxonomic position of 
the genus Pentaphragma Wall. (Pentaphragmataceae): the 
use of compound fi xatives. Grana 17: 141–147.

Dunbar A. 1981. The preservation of soluble material on the 
surface and in cavities of the pollen wall of Campanulaceae 
and Pentaphragmataceae. Micron 12: 47–64.

Dunbar A. 1984. Pollen morphology in Campanulaceae, part 4. 
Nord. J. Bot. 4: 1–19.

Dunbar A and H-G Wallentinus. 1976. On pollen of Campa-
nulaceae: III. A numerical taxonomic investigation. Bot. 
Not. 129: 69–72.

Eddie WM, RC Haberle, and RK Jansen. 2002. The phylogeny 
of the Campanulaceae inferred from DNA sequences of the 
chloroplast gene matK. In Botany 2002: Botany in the 
Curriculum. Abstracts, p. 122. Madison, WI.

Eddie WMM, T Shulkina, J Gaskin, RC Haberle, and RK Jansen. 
2003. Phylogeny of Campanulaceae s.str. inferred from its 
sequences of nuclear ribosomal DNA. Ann. Missouri Bot. 
Gard. 90: 554–575.

Erbar C. 1995. On the fl oral development of Sphenoclea zey-
lanica (Sphenocleaceae, Campanulales): SEM-investigations 
on herbarium material. Bot. Jahrb. Syst. 117: 469–483.

Erbar C and P Leins. 1989. On the early fl oral development and 
the mechanism of secondary pollen presentation in Campanula, 
Jasione, and Lobelia. Bot. Jahrb. Syst. 111: 29–55.

Erdtman G and CR Metcalfe. 1963. Affi nities of certain genera 
incertae sedis suggested by pollen morphology and vegeta-
tive anatomy: III. The Campanulaceous affi nity of Berenice 
argenta Tulasne. Kew Bull. 17: 253–256.

Erickson R. 1958. Triggerplants. Patterson Brokensha, Perth.
Fedorov AA. 1957. Campanulaceae. Flora URSS 24: 126–450 

(in Russian).
Gadella TWJ. 1966. Some notes on the delimitation of genera of 

Campanulaceae, part 1. Proc. Kon. Nederl. Akad. Wetensch., 
ser. C, 69: 502–521.

Givnish TJ, E Knox, JF Smith, and WJ Hahn. 1994. Thorn-like 
prickles and heterophylly in Cyanea: adaptations to extinct 
avian browsers on Hawaii? Proc. Nat. Acad. Sci. USA 91: 
2810–2814.

Givnish TJ, E Knox, JF Smith, and WJ Hahn. 1995. Molecular 
evolution, adaptive radiation, and geographic speciation in 
Cyanea (Campanulaceae: Lobelioideae). In: WL Wagner 
and VA Funk, eds. Hawaiian biogeography: evolution on a 
hot spot archipelago, pp. 288–337. Smithsonian Institution 
Press, Washington.

Gudkova IY and GP Borshchenko. 1991. The serological study 
of the Campanulaceae: The phylogenetic relations in the 
tribe Phyteumateae. Bot. Zhurn. 76: 809–817 (in Russian 
with English summary).

Gupta DP. 1959. Vascular anatomy of the fl ower of Sphenoclea 
zeylanica Gaertn. and some other related species. Proc. Natl. 
Inst. Sci. India 25B: 55–64.

Gustafsson MHG. 1996. Phylogenetic studies in the Asterales 
sensu lato. Acta Universitatus Upsaliensis, pp. 1–36.

Haberle RC. 1998. Phylogenetic systematics of Pseudone-
macladus and the North American Cyphioids 
(Campanulaceae, sensu lato). M.S. thesis, Northern 
Arizona University.



Superorder ASTERANAE 491

Haberle RC and TJ Ayers. 1997. Systematics of Pseudone-
macladum (Nemacladaceae). Am. J. Bot. 84(6): 200 
(abstract).

Haridasan VK and PK Mukherjee. 1988. Seed surface fea-
tures of some members of the Indian Campanulaceae. 
Phytomorphology 37: 277–285.

Hedberg O. 1961. Monograph of the genus Canarina L. 
(Campanulaceae). Svensk. Bot. Tidskr. 55: 16–62.

Heidenhain B. 1952. Über die Blütenstande der Cam-panulaceen. 
Akad. Wiss. Abh. Math.-Naturwiss. Kl. 9: 621–650.

Hils MH. 1985. Comparative anatomy and systematics of twelve 
woody Australasian genera of the Saxifragaceae. Ph.D. dis-
sertation, University of Florida.

Hong D-Y. 1995. The geography of the Campanulaceae: on the 
distribution centres. Acta Phytotax. Sinica 33: 521–536.

Hong D-Y and L-M Ma. 1991. Systematics of the genus 
Cyananthus. Acta Phytotax. Sinica 29: 25–49.

Hong DY and KY Pan. 1998. The restoration of the genus 
Cyclocodon (Campanulaceae) and its evidence from pollen 
and seed-coat. Acta Phytotax. Sinica 36: 106–110.

Kamelina OP and NA Zhinkina. 1989. On the embryology of 
Ostrowskia magnifi ca (Campanulaceae). Development of the 
male embryological structures. Bot. Zhurn. 74: 1293–1300 
(in Russian with English summary).

Kamelina OP and NA Zhinkina. 1998. On the embryology of 
Ostrowskia magnifi ca (Campanulaceae). The ovule and seed. 
Bot. Zhurn. 83: 9–20 (in Russian with English summary).

Kapil RN and MR Vijayaraghavan. 1962. Embryology and sys-
tematic position of Pentaphragma horsfi eldii (Miq.) Airy 
Shaw. Curr. Sci. 31: 270–272.

Kapil RN and MR Vijayaraghavan. 1965. Embryology of 
Pentaphragma horsfi eldii (Miq.) Airy Shaw with a discus-
sion of the systematic position. Phytomorphology 15: 
93–102.

Kaplan DR. 1967. Floral morphology, organogenesis, and inter-
pretation of the inferior ovary in Downingia bacigalupii. 
Am. J. Bot. 54: 1274–1290.

Kausik SB and K Subramanyam. 1946. A contribution to the life 
history of Sphenoclea zeylanica Gaertn. Proc. Indian Acad. 
Sci. 23B: 274–280.

Knox EB and AM Muasya. 2001. The phylogeny and biogeog-
raphy of the Lobeliaceae based on the chloroplast genes 
atpB and rbcL and their intergenic spacer sequence. In: 
Botany 2001: Plants and People. Abstracts, pp. 121–122. 
Albuquerque.

Knox EB and JD Palmer. 1998. Chloroplast DNA evidence of 
the origin and radiation of the giant lobelias in eastern Africa. 
Syst. Bot. 23: 109–149.

Knox EB and JD Palmer. 1999. The chloroplast genome of 
Lobelia thuliana (Lobeliaceae): expansion of the inverted 
repeat in an ancestor of the Campanulales. Plant Syst. Evol. 
214: 49–64.

Knox EB, SR Downie, and JD Palmer. 1993. Chloroplast 
genome rearrangements and the evolution of giant lobelias 
from herbaceous ancestors. Mol. Biol. Evol. 10: 414–430.

Kolakovsky AA. 1986. Carpology of the Campanulaceae and 
problems of taxonomy. Bot. Zhurn. 71: 1155–1168 (in 
Russian with English summary).

Kolakovsky AA. 1987. System of the Campanulaceae of the Old 
World. Bot. Zhurn. 72: 1572–1579 (in Russian with English 
summary).

Kolakovsky AA. 1990. New data on the morphology of the 
fl ower and fruit in the family Campanulaceae. Soobschch. 
Akad. Nauk Gruz. SSR. 139(2): 381–384 (in Russian).

Kolakovsky AA. 1994. The conspectus of the system of the Old 
World Campanulaceaae. Bot. Zhurn. 79: 109–124 (in Russian 
with English summary).

Lammers TG. 1988. Chromosome numbers and their systematic 
implications in the Hawaiian Lobelioideae (Campanulaceae). 
Am. J. Bot. 75: 1130–1134.

Lammers TG. 1992. Circumscription and phylogeny of the 
Campanulales. Ann. Missouri Bot. Gard. 79: 388–413.

Lammers TG. 1993. Chromosome numbers of Campanulaceae: 
III. Review and integration of data for subfamily Lobelioideae. 
Am. J. Bot. 80: 660–675.

Lammers TG. 1998a. Review of the neotropical endemics 
Burmeistera, Centropogon, and Siphocampylus (Campa-
nulaceae: Lobelioideae), with description of 18 new species 
and a new section. Brittonia 50: 233–262.

Lammers TG. 1998b. Nemacladoideae, a new subfamily of 
Campanulaceae. Novon 8: 36–37.

Lammers TG. 2007a. Campanulaceae. In: K Kubitzki, ed. The 
families and genera of vascular plants, vol. 8, pp. 26–56. 
Springer, Berlin/Heidelberg/New York.

Lammers TG. 2007b. Pentaphragmataceae. In: K Kubitzki, 
ed. The families and genera of vascular plants, vol. 8, 
pp. 605–607. Springer, Berlin/Heidelberg/New York.

Lammers TG, TJ Givnish, and KJ Sytsma. 1993. Merger of the 
endemic Hawaiian genera Cyanea and Rollandia 
(Campanulaceae: Lobelioideae). Novon 3: 437–441.

Leins P and C Erbar. 1990. On the mechanisms of secondary 
pollen presentation in the Campanulales-Asterales complex. 
Bot. Acta 103: 87–92.

Leins P and C Erbar. 2003. The pollen box in Cyphiaceae 
(Campanulales). Int. J. Plant Sci. 164(5 Suppl.): 321–328.

Markgraf F. 1950. Die Campanulaceen von Südwestafrika. Bot. 
Jahrb. Syst. 75: 206–220.

Marloth R. 1932. The fl ora of South Africa, vol. 3, part 2. 
Wheldon & Wesley, London.

McVaugh R. 1948. Generic status of Triodanis and Specularia. 
Rhodora 50: 38–49.

Miers J. 1848. Contribution to the botany of South America. 
J. Bot. (London) 7: 57–64.

Monod T. 1980. A propos du Sphenoclea zeylanica 
(Sphenocleaceae). Adansonia, ser., 2, 20: 147–164.

Morin N. 1980. Systematics of the annual California Campanulas 
(Campanulaceae). Madroño 4: 149–163.

Morin N. 1983. Systematics of Githopsis (Campanulaceae). 
Syst. Bot. 8: 436–468.

Morin N. 1987. Pollen surface morphology in North American 
Campanula, Triodanis, and Heterocodon (Campanulaceae). 
Am. J. Bot. 74: 746–747.

Moris KE and TG Lammers. 1997. Circumscription of Codonopsis 
and the allied genera Campanumoea and Leptocodon 
(Campanulaceae: Campanuloideae). I. Palynoloical data. Bot. 
Bull. Acad. Sinica (Taipei) 38: 277–284.

Munz PA. 1924. A revision of the genus Nemacladus 
(Campanulaceae). Am. J. Bot. 11: 233–248 and plates 9 
and 10.

Murata J. 1992. Systematic implications of seed coat morphol-
ogy in Lobelia (Campanulaceae – Lobelioideae) J. Fac. Sci. 
Univ. Tokyo 15: 155–172.



492 Subclass VII. ASTERIDAE

Murthy CVS. 1982. Pollen morphology of Indian Campanumoea 
Bl. J. Palynol. 18: 55–59.

Nowicke JW, SG Shetler, and N Morin. 1992. Exine structure of 
pantoporate Campanula (Campanulaceae) species. Ann. 
Missouri Bot. Gard. 79: 65–80.

Oganesian ME. 1955. Synopsis of Caucasian Campanulaceae. 
Candollea 50: 275–308.

Oganesian ME. 1985. Structural features of seeds in Campanula 
and Symphyandra (Campanulaceae). Bot. Zhurn. 70: 
947–955 (in Russian with English Summary).

Rosatti TJ. 1986. The genera of Sphenocleaceae and 
Campanulaceae in the southeastern United States. J. Arnold 
Arbor. 67: 1–64.

Rosen W. 1932. Zur Embryologie der Campanulaceen und 
Lobeliaceen. Acta Hort. Goteb. 7: 31–42.

Rosen W. 1949. Endosperm development in Campanulaceae and 
closely related families. Bot. Not. 1949: 137–147.

Schonland S. 1889. Campanulaceae. In: A. Engler, ed. Die natür-
lichen Pfl anzenfamilien, Bd. 4, Heft 5, S. 40–70. Leipzig.

Scottsberg C. 1915. Notes on the relations between the fl oras of 
Subantarctic America and New Zealand. Plant World 18: 
129–142.

Shamrov II and NA Zhinkina. 1994. Development of the ovule 
of Azorina vidalii (Campanulaceae). Bot. Zhurn. 79: 19–34 
(in Russian with English summary).

Shetler SG. 1979. Pollen-collecting hairs of Campanula 
(Campanulaceae). Taxon 28: 205–215.

Shetler SG and NR Morin. 1986. Seed morphology in North 
American Campanulaceae. Ann. Missouri Bot. Gard. 73: 
653–688.

Shresta KK. 1992. Taxonomic revision of the genus Cyananthus 
Wall. ex Benth. (Campanulaceae). Ph.D. dissertation, 
University of St. Petersburgh.

Shresta KK and TI Kravtsova. 1992. Seed coat anatomy and 
ultrastructure in the genus Cyananthus in relation to its sys-
tematics. Bot. Zhurn. 77(6): 18–29 (in Russian with English 
summary).

Shresta KK and VF Tarasevich. 1992. Comparative pollen mor-
phology of the genus Cyananthus in relation to its systemat-
ics and its position within the family Campanulaceae. Bot. 
Zhurn. 77(10): 1–13 (in Russian with English summary).

Shulkina TV. 1978. Life-forms in the family Campanulaceae Juss., 
their geographical distribution in connection with taxonomy. 
Bot. Zhurn. 63: 153–169 (in Russian with English summary).

Shulkina TV and SE Zykov. 1980. The anatomical structure of 
the stem in the family Campanulaceae s. str. in relation to the 
evolution of life forms. Bot. Zhurn. 65: 627–638 (in Russian 
with English summary).

Shulkina TV, JF Gaskin, and WMM Eddie. 2003. Morphological 
studies toward in improved classifi cation of Campanulaceae 
s.str. Ann. Missouri Bot. Gard. 90: 576–591.

Subramanyam K. 1950a. A contribution to our knowledge of the 
systematic position of the Sphenocleaceae. Proc. Indian 
Acad. Sci. 31B: 60–65.

Subramanyam K. 1950b. An embryological study of Levenhookia 
dubia. Proc. Natl. Inst. Sci. India 16B: 245–253.

Subramanyam K. 1951. Interrelationships of Campanulacae. 
J. Mysore Univ. B. 12: 331–339.

Subramanyam K. 1953. The nutritional mechanism of embryo 
sac and embryo in the families Campanulaceae, Lobeliaceae, 
and Stylidiaceae. J. Mysore Univ. B. 13: 1–4.

Tarasevich VF and KK Shresta. 1992. Palynological data on 
the position of the genus Ostrowskia within the family 
Campanulaceae. Bot. Zhurn. 77(9): 27–30 (in Russian with 
English summary).

Thulin M. 1974. Gunillaea and Namacodon: two new genera of 
Campanulaceae in Africa. Bot. Not. 127: 165–182.

Thulin M. 1975. The genus Wahlenbergia s. lat. (Campanulaceae) 
in tropical Africa and Madagascar. Symb. Bot. Upsal. 21: 
1–223.

Thulin M. 1978. Cyphia (Lobeliaceae) in tropical Africa. Bot. 
Not. 131: 455–471.

Thulin M. 1983. Some tropical African Lobeliaceae: 
Chromosome numbers, new taxa, and comments on tax-
onomy and nomenclature. Nord. J. Bot. 3: 371–382.

Tjon Sie Fat L. 1978. Contribution to the knowledge of cyano-
genesis in angiosperms, 2. Communication: cyanogenesis in 
Campanulaceae. Proc. Kon. Nederl. Akad. Wetensch., 
ser. C., 81: 126–131.

Tobe H and NR Morin. 1996. Embryology and circumscription 
of Campanulaceae and Campanulales: a review of the litera-
ture. Int. J. Plant Res. 109: 425–435.

Vasilevskaya VK and TV Schulkina. 1976. Morphological and 
anatomical structure of the arborescent plant Azorina vidalii. 
Trudy Moskovsk. Ob. Isp. Prirody 42: 131–140 (in 
Russian).

Weio Z-X. 2001. Pollen morphology of some Codonopsis and 
related species of Campanulaceae. Acta Bot. Yunn. 2001: 
335–338.

Wimmer FE. 1943. Campanulaceae-Lobelioideae, part 1. In: 
H Stubbe and K Noack, eds. Das Pfl anzenreich, vol. 4, part 
276b, pp. i–viii and 1–260. W. Engelmann, Leipzig.

Wimmer FE 1953. Campanulaceae-Lobelioideae, part 2. In: 
H Stubbe and K Noack, eds. Das Pfl anzenreich, vol. 4, part 
276b., pp. i–viii and 261–813. Academie Verlag, Berlin.

Wimmer FE. 1968. Campanulaceae-Lobelioideae: Supp-
lementum et Campanulaceae-Cyphioideae. In: H Stubbe and 
K Noack, eds. Das Pfl anzenreich, vol. 4, part 276c, pp. i–x 
and 815–1024. Academie Verlag, Berlin.

Yeo PF. 1993. Platycodoneae: a new tribe in Campanulaceae. 
Taxon 42: 109.

Zhinkina NA and II Shamrov. 1997. Embryology of Azorina 
vidalii and Gadellia lactifl ora (Campanulaceae). Bull. Pol. 
Acad. Sci., Biol. Sci. 45: 120–133.

Order 117. STYLIDIALES

Small herbs, seldom subshrubs or shrubs. Secondary 
growth anomalous (Stylidiaceae). Vessels with simple 
or (Donatia) with scalariform perforations. Sieve-
elements plastids of S-type. Leaves alternate, densely 
crowded, simple, entire, linear, coriaceous, estipulate. 
Stomata anomocytic or less often paracytic. Flowers in 
racemes or cymose infl orescences, of less often soli-
tary, bisexual or sometimes unisexual, usually zygo-
morphic. Calyx (2-)5(-7)-lobed. Corolla 5–10-partite 
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(Donatiaceae) or 5-lobed, lobes mostly unequal. 
Stamens two or three (Donatiaceae) or only two 
(Stylidiaceae); fi laments free (Donatia) or completely 
connate with the style into a column; anthers basifi xed, 
extrorse, opening longitudinally. Tapetum secretory. 
Microsporogenesis simultaneous. Pollen grains 2-celled 
or 3-celled, 3–8-colpate (Stylidiaceae) or 3(4)- colporate 
(Donatiaceae). Nectary disc or a pair of nectary glands 
often present. Gynoecium of 2–3 (Donatiaceae) or two 
(Stylidiaceae) united carpels; stylodia free (Donatiaceae) 
or connate between themselves and with the fi laments 
(Stylidiaceae); ovary inferior, 2- or 3-locular, but in 
Stylidiaceae the posterior carpel sometimes reduced or 
obsolete and the gynoecium pseudomonomerous with 
1-locular ovary. Ovules many in each locule, anatro-
pous, unitegmic, tenuinucellate, with endothelium. 
Tapetal cells binucleate. Female gametophyte of 
Polygonum-type. Endosperm cellular, with terminal 
haustoria. Fruits septicidal capsules or sometimes inde-
hiscent. Seeds with minute embryo and copious fl eshy 
endosperm. Storing carbohydrate as inulin, producing 
carbocyclic iridoids and caffeic acid. Alkaloids absent. 
Iridoids (Stylidiaceae) present; n = 5–16, 18, 24, 26, 
28, and 30.

Related to the Asterales.

Key to Families
1 Stamens and stylodia free. Very densely branched 

perennial herbs with erect crowded stems forming 
 compact, often broad, cushions. Roots fl eshy, clit-
like. Vessels with oblique scalariform perforation 
plates. Secondary thickening absent or developing 
from a conventional cambial ring. Leaves alternate, 
imbricate, non-sheating, simple, entire, more or less 
hairy at base, without a persistent basal meristem; 
mucilage cells abundant in the mesophyll. Stomata 
paracytic (Donatia magellanica) or anomocytic (D. 
novae-zelandiae), Flowers solitary, sessile, termi-
nal, bisexual, essentially actinomorphic. Calyx 5–7-
lobed, lobes equal or unequal, open, with obconical 
tube adnate to the ovary, imbricate. Petals 5–10, 
free, oblong-linear or ovate, imbricate, more or less 
fl eshy. Stamens two or three, inserted on top of the 
ovary within the nectary disc; fi laments free, short 
or fi liform; anthers broadly ellipsoidal, extrorse. 
Pollen grains 3(4)-colporate. Epigynous disc pres-
ent. Gynoecium of two or three carpels; stylodia 
subulate, recurved, with capitate stigma; ovary infe-
rior, 2–3-locular, with numerous (15–100) ovules 

on axile placentas near to top of the locule. Fruits 
turbinate, indehiscent, 2–3-locular capsules. Seeds 
few, with  minute embryo and copious, oily 
endosperm. Present inulin, iridoids not detected, 
n = 24. . . . . . . . . . . . . . . . . . . . . . 1. donatiaceae.

1 Stamens and stylodia not free. Small, rhizomatous 
or tuberous, mostly erect or rarely climbing herbs or 
rarely subshrubs, more or less xerophytic, occasion-
ally rush-like, often bearing stalked glands with two 
to multicellular head; some of glandular cells secrete 
mucilage. Vessels with simple perforations. 
Secondary thickening anomalous. Leaves alternate 
or whorled (Stylidium scandens), imbricate, simple, 
entire, linear, often in basal rosettes with fl owers on 
a scape (successive rosettes may be separated by a 
slightly leafy piece of stem but sometimes crowded 
on creeping or shortly erect stems); rosettes some-
times almost bulbous, with aerial roots. Stomata 
anomocytic. Flowers in terminal racemes or cymes 
or solitary in the upper axils, usually zygomorphic, 
bisexual or sometimes unisexual (monoecious, 
polygamomonoecious, or dioecious ?). Calyx (2-)5(-
7)-lobed, often covered with stalked viscid glands, 
imbricate, persistent. Corolla 5-lobed, lobes imbri-
cate, mostly unequal, the odd lobe originates in a 
ventral position and in the zygomorphic genera takes 
the form of small or more or less reduced (Stylidium) 
or large, hooded (Levenhookia) labellum, but the 
fl ower commonly semiresupinate, so that the label-
lum is lateral; the remaining four lobes are more or 
less similar in size and shape or heteromorphic; the 
corolla throat is often marked by a series of various 
glandular appendages. Stamens 2(-3); fi laments free 
from the corolla but united with the style to form a 
column, often irritable; anthers extrorse. Pollen 
grains 2-celled or 3-celled, 3–8-colpate. Epigynous 
nectary disc or a pair of nectary glands often pres-
ent. Gynoecium of two carpels; stigmas papillate, 
diverging above the anthers; ovary inferior, more or 
less completely 2- locular or almost 1-locular, with 
axile to free central placentation, or the posterior 
locule reduced or suppressed, so that the ovary is 
pseudomonomerous; ovules numerous in each loc-
ule, pendulous or horizontal, or ascending. Fruits 
fl eshy to non-fl eshy capsules opening from the sum-
mit in two valves, or rarely indehiscent. Seeds 
mostly numerous, minute; seed coat thin, 2-layered, 
exo-endotestal (Plisko 2005) with small, dicotyle-
donous or sometimes monocotyledonous, straight 



494 Subclass VII. ASTERIDAE

embryo and copious, fl eshy oily endosperm. Iridoids 
detected; storing inulin, proanthocyanidins, fl a-
vonols (kaempferol and quercetin) present or absent, 
n = 5–16, 18. . . . . . . . . . . . . . . . . . 2. stylidiaceae.

1. DONATIACEAE

Chandler 1911. 1/2, New Zealand, Tasmania, sub-
antarctic South America.

Donatia
In spite of some important morphological differ-

ences, including free stamens and 3(4)-colporate pol-
len grains, which are slightly similar to those of Cyphia 
(Erdtman 1952; Avetisian 1973), Donatiaceae are 
rather closely related to the Stylidiaceae, an affi nity 
that is confi rmed by many embryological similarities. 
According to Philipson and Philipson (1973: 458), the 
embryological details of Donatia are so similar to 
those of Forstera and the other members of the 
Stylidiaceae described in the literature that the position 
of this genus close to the Stylidiaceae is confi rmed.

2. STYLIDIACEAE

R. Brown 1810. 5/170. Mainly extratropical regions of 
Australia, also Tasmania, New Zealand, southern and 
especially Southeast Asia, and the southernmost part 
of South America.

phyllachneae: Phyllachne, Forstera; stylidieae: 
Oreostylidium, Levenhookia, Stylidium.

Related to Campanulaceae, but differs in the pres-
ence of carbocyclic iridoids, glandular hairs with two- 
to multicellular stalks (Stylidiaceae), anomalous 
secondary growth, reduced number of stamens that in 
Donatiaceae are free from the style, and extrorse anthers. 
However, there are many similarities between the 
Stylidiaceae and the Campanulaceae, including pollen 
morphology (Erdtman 1952; Bronckers and Stainer 
1972; Avetisian 1973), fl oral development (Erbar 1992), 
the presence of inulin, and some embryological features. 
According to Crete (1951), the haustoria in the 
Stylidiaceae arise from endospermal cells by the same 
sequence of divisions as in Codonopsis in Campanulaceae. 
The embryological similarities between Stylidiaceae 
and some members of Campanulales (especially the 
Lobelioideae) have been further substantiated by Rosen 
(1935, 1949), Subramanyam (1950a, b, 1951a, b, 1953, 
1970), and Philipson and Philipson (1973).
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Order 118. PHELLINALES 
(ALSEUOSMIALES)

Small trees or shrubs. Vessels with scalariform or sca-
lariform and simple perforation, with numerous bars; 
lateral pitting opposite to alternate, sometimes scalari-
form. Fibers with bordered or simple pits, often sep-
tate. Rays heterogeneous and homogeneous, rarely 
(Alseuosmiaceae) absent. Axial parenchyma scanty 
paratracheal, or even absent. Sieve-element plastids of 
S-type. Nodes mostly trilacunar with three traces, 
rarely unilacunar or pentalacunar. Leaves alternate to 
subopposte, entire or dentate; lamina serrate, gland-
toothed; estipulate. Stomata anomocytic. Flowers in 
axillary cymes, paniculate or corymbs, or solitary, 
bisexual or rarely unisexual, usually actinomorphic, 
4–6-merous. Sepals free or basally connate, valvate. 
Petals free or basally connate, valvate. Stamens as 
many and alternate with petals; fi laments free or basally 
connate or adnate to the corolla tube; anthers opening 
longitudinally. Tapetum secretory. Microsporogenesis 
simultaneous. Pollen grains 2-celled or 3-celled, mostly 
3-colporate. Gynoecium of 2–5 united carpels; stylodia 
free or connate into a style; style slender or stout, with 
capitate or clavate, 2–5-lobed stigma, or stigma sessile. 
Ovary semi-inferior or inferior, rarely (Phellinaceae) 
superior, 2–6-locular; ovules one to many per locule, 
mostly anatropous, unitegmic, tenuinucellate or crassi-
nucellate (Phellinaceae). Female gametophyte of 

Polygonum-type. Endosperm cellular. Fruits loculi-
cidal capsules, drupes or berries. Seeds with small 
straight or slightly curved embryo and with copious 
endosperm. Contain gallic and ellagic acids, ellagita-
nins, and alkaloids (Phellinaceae).

The monophyly of the order Phellinales has very 
high support values in both the molecular and com-
bined analyses (see also Soltis et al. 2006).

Key to Families
1 Ovary superior. Evergreen dioecious small trees or 

shrubs with uniseriate hairs; cuticle waxes as plate-
lets and rodlets. Vessels with scalariform perfora-
tions and with numerous bars; lateral pitting 
scalariform or opposite. Rays heterogeneous with 
short ends. Axial parenchyma scanty paratracheal. 
Leaves alternate or subopposite, simple, usually 
papyraceous, more or less crowded towards tips of 
branched, estipulate. Stomata anomocytic. Flowers 
in axillary spicate or paniculate infl orescences, uni-
sexual, 4–6-merous. Sepals small, free, more or less 
persistent. Petals free, fl eshy, valvate with a small 
infl exed apiculus. Stamens as many and alternate 
with petals, free; anthers onlong and introrse. Pollen 
grains 3-colporate. Nectary disc absent. Staminodia 
present in female fl owers. Gynoecium of 2–5 car-
pels, with sessile lobed stigma. Ovary with solitary 
(rarely two – Doweld 2000), pendulous, hemitrop-
ous or slightly campylotropous, ovule in each loc-
ule. Pistilodia present in female fl owers. Fruits 
drupes with 2–5 pyrenes. Seeds with small embryo 
and copious endosperm. Contain benzylisoquino-
line alkaloids, irdoid ?; n = 17.  . . . 1. pellinaceae

1 Ovary inferior or semi-inferior.
2 Small trees or shrubs with characteristic two-

armed trichomes consisting of a very elongate 
terminal «T-cell» that tapers to a fi ne point at 
each end and is attached at its middle to multicel-
lular, uniseriate stalk. Vessels with scalariform 
perforations; lateral pitting commonly alternate. 
Fibers with bordered and bordered and simple 
pits, septate. Rays heterogeneous and homoge-
neous. Axial parenchyma absent or very scarce. 
Nodes trilacunar, unilacunar (Corokia virgata) or 
pentalacunar (Argophyllum laxum). Leaves alter-
nate; petioles subvaginate. Stomata anomocytic. 
Flowers small. Petals mostly 4–6, basally con-
nate, valvate, silky outside. Petals usually (except 
Corokia macrocarpa) with ligulate, nonvascularized 
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appendages on their inner side near the base of 
their free parts just above the tube. Pollen grains 
3-colporate.
3 Fruits loculicidal capsules. Shrubs, often 

silky pubescent. Leaves often snow-white 
below, entire or coarsely dentate, ovate. 
Flowers 4–5(-8)-merous, whitish or green-
ish, in terminal and axillary panicles or 
corymbs. Corolla basally connate. Anther 
 disporangiate. Style short, with capitate, 
5–2-lobed stigma. Ovary semisuperior, 
6–2-locular; ovules many, many-seriate on 
tumid placentas in the axils of the locules. 
Seeds very small, with large, elongate, nearly 
straight embryo in the middle of the copious, 
fl eshy endosperm;  exotestal cells with inner 
walls massively thickened and lignifi ed. 
Ellagic acid present. . .2. argophyllaceae.

3 Fruits drupes crowned by the persistent calyx 
teeth and style and with 2–1-locular and 
2–1-seeded bony endocarp with characteristic 
germination plug. Small trees or shrubs with 
branchlets, petioles, leaves below, peduncles 
and pedicels densely white, tomentose. Wood 
diffuse-porous. Lateral pitting opposite- 
alternate. Perforations scalariform with 16–23 
bars. Rays  heterogeneous. Vascular tracheids 
present, except in C. collenettei (Noshiro et 
Baas 1998). Crystals absent. Leaves entire. 
Flowers bright yellow, in axillary or terminal 
panicles, racemes, fascicles, or solitary. Anthers 
tetrasporangiate. Nectary disc bright orange, 
epigynous, pulvinate. Style short or subelon-
gate, with 2-lobed stigma. Ovary inferior, 
1(-2)-locular; ovules solitary in the locule; 
micropylar and chalazal haustoria present. Seeds 
linear-oblong, with large, elongate, slightly 
curved embryo in fl eshy endosperm. Contain 
gallic and ellagic acids, n = 9. 3. corokiaceae.

2 Shrubs (sometimes up to 6 m tall – Periomphale), 
or creeping or epiphytic subshrubs, with unicel-
lular, bicellular, or multicellular, unbranched 
trichomes. Stems and usually also petioles have 
a morphologically differentiated uniseriate 
endodermis of cells with casparian strips. 
Secondary thickening developing from a con-
ventional cambial ring. Vessels with scalariform, 
or scalariform and simple perforations in almost 
vertical wall and composed of 20–45 bars; lat-

eral pitting opposite to alternate, sometimes sca-
lariform. Fibers with indistinctly bordered or 
simple pits, often septate, mostly living and with 
stored starch at maturity. Rays absent. Axial 
parenchyma scanty or even absent. Nodes trila-
cunar with three traces. Leaves alternate or sub-
opposite, entire or dentate, simple, pinnately 
veined, with multicellular and uniseriate hairs in 
the axils containing dark, reddish pigment, 
estipulate. Stomata anomocytic. Flowers in axil-
lary cymes or in terminal umbel-like infl ores-
cences, or fl owers solitary in the axils or on old 
wood, bisexual, often including cleistogamous 
ones, heavily scented, actinomorphic, perianth 
and androecium (4)5(-7)-merous. Sepals free, 
more or less triangular, valvate, persistent or 
caduceus (Alseuosmia). Petals connate, with 
valvate lobes; corolla margins with wings. 
Stamens alternipetalous, attached to the throat 
of the corolla tube or free; anthers dorsifi xed, 
introrse; in Platyspermation the anthers sessile 
and extrorse, brown hairy below, and with a 
large fl at connective appendage at the apex (van 
Steenis 1982). Pollen grains 3-colporate. 
Gynoecium of two carpels; style slender or 
stout, with more or less 2-lobed, clavate or capi-
tate stigma; ovary inferior or sometimes semi-
inferior, 2-, rarely (Wittsteinia  vacciniaceae) 
3-locular, crowned by a more or less developed 
nectary disc, with 1-many ovules in each locule. 
Fruits 2-locular berries, 2–3-locular (Wittsteinia), 
or 2-locular (Platyspermation) capsules, with 
persistent calyx and one to many seeds. Seeds 
with small, straight embryo and copious 
endosperm; exotesta little thickened, lignifi ed, 
mesotesta persistent. Contain quercetin and kae-
mpferol, caffeic and p-coumaric, stearic acids, 
ellagitanins and triterpenoid saponins; n = 9 
(Alseuosmia).. . . . . . . . . . .4. alseuosmiaceae.

1. PHELLINACEAE

Takhtajan 1967. 1/12. New Caledonia.
Phelline
Wood structure of Phelline is very primitive and as 

Baas (1975: 339) points out, “Amongst the dicotyle-
dons with vessels, the wood anatomy of Phelline, 
belongs to the most primitive.”
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2. ARGOPHYLLACEAE

Takhtajan 1987. 1/11. Tropical Australia and New 
Caledonia.

Argophyllum

3. COROKIACEAE

Kapil ex Takhtajan 1997. 1/6. Australia (1, NSW), 
New Zealand (2), Lord Howe Island (1), Chatham Is. 
(1), and Rapa I. (1)

Corokia
Corokia is usually placed in the Cornaceae s. 1. 

However Hallier (1908, 1923) came to the conclusion 
that Corokia is closely related to Argophyllum 
(“Corokia ist durch Reduktion aus Argophyllum 
enstanden und bildet mit ihm und Cuttsia die Sippe 
der Argophylleen» (1908: 258). Engler (1930) 
included Corokia in his Escallionioideae-
Argophylleae. The affi nity of Argophyllum and 
Corokia was convincingly shown by Eyde (1966). 
Both Hallier and Eyde emphasized the remarkable 
similarity between the peculiar multicellular 
T-shaped trichomes of these genera, which are 
known only in few groups of fl owering plants. They 
also emphasized the similarity of corolline append-
ages in the two genera. Moreover, Corokia and 
Argophyllum are similar in gross vegetative 
 characters, wood anatomy (including septate trache-
ids, which are absent in Escalloniaceae [see Patel 
1973; Hils 1985]) and pollen grain structure. Also, 
both Corokia and Argophyllum have a lamellate 
endexine in the region of the endoaperture, which 
resembles Cornaceae (Ferguson 1977; Ferguson and 
Hideux 1978). Thus, palynologically Corokia and 
Argophyllum occupy a somewhat intermediate posi-
tion between Escalloniaceae and Cornaceae. There 
are also important differences between Argophyllum 
and Corokia, including placentation, the number of 
ovules, and the structure of fruits and seeds. It is 
appropriate to consider both these related genera 
members of two  separate families. According to 
Kapil (1992) embryologically Corokia is distinctive 
enough to deserve family status. However, in his 
opinion the Corokiaceae resemble the Stylidiaceae 
more rather than the Cornaceae and the Escalloniceae. 
According to Gustafsson and Bremer (1995), Corokia 
is the most likely sister group of the Asterales s. 1.

4. ALSEUOSMIACEAE

Airy Shaw 1965 (including Platyspermatiaceae Doweld 
2001). 5/10. Southwestern Pacifi c. Wittsteinia (2), New 
Guinae and southeastern Australia; Periomphale (1) 
New Caledonia; Platyspermation (1) New Caledonia; 
Alseuosmia (5) is endemic to New Zealand, and 
Crispiloba (1) is endemic to Queensland.

Wittsteinia, Periomphale, Alseuosmia, Crispiloba, 
Platyspermation
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Order 119. ASTERALES

Perennial or annual herbs and subshrubs, less often 
shrubs, lianas or small or medium-sized trees, usually 
with various types of glandular or nonglandular 
trichomes. Lactifers mostly present. Vessels with sim-
ple or sometimes scalariform perforations. Fibers with 
simple pits, or less often (Goodeniaceae) with  bordered 
pits. Rays mostly heterogeneous. Axial  parenchyma 
scanty paratracheal. Sieve-element plastids of S-type. 
Nodes trilacunar to multilacunar, rarely (some 
Goodeniaceae) unilacunar. Leaves alternate or less 
often opposite, rarely verticillate, simple to variously 
divided, gland-dotted or not gland-dotted, estipulate or 
rarely with stipules; leaf mesophyll cells contain oil 
bodies. Stomata usually anomocytic. Infl orescences of 
various types, or less often fl owers solitary. Flowers 
bisexual or unisexual, actinomorphic to zygomorphic, 
mostly 5-merous. Sepals usually connate at the base, 
sometimes adnate to the ovary. Petals connate, valvate. 
Nectary disc usually present. Stamens usually fi ve, 
alternate with the corolla lobes; fi laments free or some-
times connate; anthers basifi xed, introrse, tetras-
porangiate, or occasionally disporangiate, opening 
longitudinally. Tapetum secretory or amoeboidal. 
Microsporogenesis simultaneous. Pollen grains mostly 
3-celled, 3-colporate. Gynoecium of two united car-
pels; stylodia united into terminal style; ovary mostly 
inferior, 1-locular; ovule mostly solitary, usually anat-
ropous, unitegmic, tenuinucellate, with endothelium. 
Female gametophyte of various types, but mostly of 
Polygonum-type. Endosperm cellular or less often 
nuclear, without haustoria. Fruits of various types, 
but mostly cypselas. Seeds with straight embryo; 
endosperm usually copious, rarely wanting. Iridoids 
present or absent.

Very close to the Campanulales.

Key to Families
1 Iridoids present.

2 Fruits cylindrical or prismatic achenes. Perennial, 
biennial or annual herbs, rarely suffrutescens 
(typically forming only 1–2 mm thick of second-
ary xylem at stem base and adjacent root area), 
rarely pubescent. Laticifers and secretory cavi-
ties wanting, but in Boopis gracilis present drop-
lets of a resin-like substance (Hellwig 2007). 
Vessels with simple perforations. Fibers with 
thick walls and simple pits. Leaves alternate, often 
rosulate, simple, entire or pinnately lobed, estipu-
late. Stomata anomocytic. Infl orescences terminal 
on scapes or aillary, capitulate, these solitary or in 
cymose panicles, surrounded by 1–2 series of 
bracts. Flowers numerous, opening centripetally 
(Acicarpha) or in a more complex manner, on 
short peduncles, or  peduncles absent (Acicarpha 
and some species of Boopis), bisexual or seldom 
the central fl owers of a head functionally unisex-
ual, actinomorphic or zygomorphic. Calyx with 
4–6 small lobes or teeth, aerenchymatous or 
spine-like. Corolla tubular, with 4–6 valvate 
lobes, the outer layer of the tubular corolla is 
photosynthetic. Stamens as many as and alter-
nate with the corolla lobes, attached near the 
summit of the tube; fi laments often basally or 
wholly connate; gland-like nectaries generally 
situated basally in the fi lament tube extending to 
the top of the stamen-corolla tube; anthers free or 
basally coherent to connate; secondarily present-
ing pollen by depositing it on extending style 
(Heald 2004). Pollen grains 2-celled, 3-colpo-
rate, spinulate to nearly smooth. Gynoecium of 
two carpels; style slender, glabrous, growing up 
and pushing out the pollen; stigma capitate, 
indistinctly papillate; ovary inferior, essentially 
1-locular (incompletely 5-locular due to reduced 
septa), with a solitary ovule pendulous from the 
top of the locule. Ovules anatropous, with (?) 
endothelium. Fruits with persistent, spine-like 
calyx (this lignescent and spiny in Acicarpha and 
Calycera), ribbed and receptacle small in Boopis. 
Seeds with straight embryo and oily,  copious, or 
scanty endosperm. Storing carbohydrate as inu-
lin. Producing iridoid compounds (secologanin); 
n = 7–9, 13, 17, 21, 22. . . . . . .4. calyceraceae

2 Fruits capsules, baccate, drupaceous or nutlike.
3 Terrestrial perennial herbs, subshrubs or 

shrubs, rarely arborescent with trichomes 
of both glan dular and nonglandular types. 
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Laticifers wanting. Sclerenchymatous idio-
blasts, which are sometimes branched, are 
common in the mesophyll of the leaf and 
sometimes occur in the cortex of the stem as 
well. Vessels with simple or sometimes with 
scalariform perforations. Fibers with bordered 
pits. Rays heterogeneous to homogeneous. 
Axial parenchyma vasicentric or diffuse or 
both or wanting. Secondary thickening absent 
or developing from a conventional cambial 
ring. Nodes unilacunar or sometimes trilacu-
nar to pentalacunar. Leaves well developed or 
much reduced, alternate or rarely opposite or 
verticillate, nearly always spiral, petiolate to 
sessile, simple, entire, serrate or dentate, 
estipulate. Stomata anomocytic. Flowers 
zygomorphic, variously in cymes, racemes, or 
heads, or solitary in the axils. Calyx tube 
adnate to the ovary or rarely free. Corolla 
bilabiate (with two dorsal and three ventral 
lobes) or sometimes unilabiate (with fi ve ven-
tral lobes), the lobes valvate, often indupli-
cate, spurred or not (Selliera). Stamens fi ve, 
attached to the base of corolla tube or free; 
anthers separate from one another (Velleia, 
Scaevola), or connivent around the style, or 
(Dampiera, Leschenaultia) connate into 
a tube. Pollen grains 2-celled, 3-colporate or 
(Lechenaultia) porate. Gynoecium of two 
carpels; style one, with a ‘pollen cup’ close 
beneath to stigma, bearing an ‘indusium’ 
beneath the stigma. Ovary  inferior or semi-
inferior or rarely (Velleia) superior, 2-locular 
or seldom 1-locular, or (some other spp. of 
Scaevola) with two vestigial lateral locules in 
addition to the fertile median ones, rarely 
(Scaevola porocarya) 4-locular, with one to 
many ovules per locule mostly erect or 
ascending on axile or basal-axile placentas 
(in Verreauxia the locule is solitary and 
basal). Fruits mostly capsular, less often 
drupaceous, or nutlike. Seeds usually fl at, 
winged or wingless, exotestal cells usually 
palisade, all walls thickened; embryo straight, 
endosperm copious, oily. Storing carbohy-
drate as inulin and producing 13-carbon 
polyacetylenes, caffeic acid, sometimes iri-
doids (secologanin), O-metyl fl avonols, and 
alkaloids, n = 7–9.  . . . . . .1. goodeniaceae.

3 Aquatic or wetland herbs, mostly perennial 
and with tufted rootstocks or horizontal creep-
ing rhizomes, but some species of Nymphoides 
and Villarsia are annual. Vascular system is 
composed of isolated or scattered bundles. A 
well-developed system of intercellular canals 
and spaces is also characteristic. Branched, 
sclerenchymatous idioblasts, similar to those 
of the Nympheaceae, often present in the 
parenchyma of the stem. Vessels usually with 
simple perforations, but scalariform and sim-
ple plates may occur in Menyanthes. Nodes 
trilacunar or pentalacunar. Leaves alternate, 
simple or rarely (Menyanthes) 3-foliolate with 
sheating petioles, linear to cordate or reni-
form; stipules wanting or represented by the 
expanded wing margins of the petiole. Stomata 
anomocytic. Flowers solitary or in simple or 
branched cymes or racemes or in dense heads 
or clusters, bisexual, sometimes functionally 
unisexual, actinomorphic, usually 5-merous 
(except gynoecium), often  heterostylous. 
Sepals more or less connate at base, some-
times adnate to the ovary below, persistent. 
Corolla sympetalous, appendiculate (with 
intrastaminal scales), or not appendiculate, 
valvate or induplicate-valvate; the margins or 
the inner surface of the lobes often fi mbriate 
or crested. Stamens attached to the base of the 
corolla tube alternate with the lobes, or mid-
way down the corolla tube, or in the throat of 
the corolla tube; anthers 2-locular, dorsifi xed, 
mostly sagittate, versatile. Sometimes fringed 
scales ( staminodia?) alternate with stamens. 
Pollen grains 3-celled, 3- colpate or 3-colpo-
rate, or rugate (exceptionally 6-rugate). 
Nectary disc usually present around the base 
of the ovary. Gynoecium of two united car-
pels; stylodia connate into a terminal, 2-lobed 
style, with papillate stigma; ovary superior to 
semiinferior, 1-locular, with numerous ovules 
on two parietal and often intruded placentas. 
Ovules horizontal, with short funicle and with 
endothelium. Fruits septicidal, loculicidal, or 
valvular capsules, or rarely (Liparophyllum) 
fl eshy berries. Seeds 4–100, glabrous or with 
trichomes of different shape, winged or wing-
less, in some species surrounded by a caruncle 
which is rich in lipids (Kadereit 2007); 
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exotestal cells with outer walls thickened, 
often with a variety of projections; embryo 
straight, linear; endosperm copious, oily. 
Producing iridoid compounds (loganin, 
secologanin, sweroside), fl avonols, caffeic 
acid (except Menyanthes), and usually storing 
inulin. n = 9, 17.  . . . . . . 3. menyanthaceae.

1 Iridoids absent.
4 Stomata paracytic. Perennial scapose herbs with 

characteristic hairs of short, thin-walled, erect 
basal cell and two to several-celled arm attached 
at right angles to the basal cell and appressed to 
the surface. Secondary thickening developing 
from a conventional cambial ring. Leaves all 
basal or alternate towards the base of the stems, 
more or less petiolate, simple, estipulate. Flowers 
actinomorphic or very nearly so, bisexual, borne 
in involucrate, cymose heads or spikes, each 
fl ower with several hyaline bracts. Calyx tube 
free from the ovary and calyx lobes markedly 
longer than the tube. Corolla with fi ve spreading 
the lobes valvate, blue, markedly longer than the 
tube. Stamens fi ve, attached to the base of the 
corolla tube; anthers connate into a tube around 
the style. Gynoecium of two carpels; style one, 
bearing an ‘indusium’ beneath the stigma; stigma 
surrounded by a collar or indusium; ovary 1-loc-
ular, superior, with septum only at base and soli-
tary, ascending ovule inserted on one side of the 
septum. Fruits dry and indehiscent, enclosed by 
persistent calyx tube. Seeds ellipsoid, with 
straight embryo and without endosperm. Iridoids 
wanting, n = 9.  . . . . . . . . . . . 2. brunoniaceae.

4 Stomata anomocytic or occasionally anisocytic. 
Perennial or annual herbs and subshrubs, less 
often shrubs, lianas or small or medium-sized 
trees (up to 30 m tall or more), sometimes nearly 
succulents,  halophytes, marsh plants, lianas, epi-
phytes and aquatics, usually with various types of 
glandular or  nonglandular trichomes. Often with 
a system of  articulated laticifers (mostly 
Chicorioideae) in the phloem, containing latex 
rich in triterpene, or with a more or less well-
developed system of schizogenous resin canals 
that are often lined with an epithelium (the two 
secretory systems largely alternative rather than 
coexistive); scattered latex cells occasionally 
present in addition to resin canals. Secondary 
thickening well developed even in many herba-

ceous species, or absent, or anomalous. Vessels 
commonly with simple perforations, but some-
times with scalariform and simple, or simple and 
 reticulate perforations; lateral pitting alternate. 
Fibers typically with small simple pits, or the pits 
with very small  borders. Rays mostly heteroge-
neous, mostly 4–10(-18) cells wide. Axial paren-
chyma scanty paratracheal. Nodes trilacunar to 
multilacunar. Leaves alternate or less often oppo-
site, rarely verticillate,  simple or variously 
divided, gland-dotted or not  gland-dotted, aro-
matic or foetid, or without marked odour; leaves 
estipulate or rarely with stipules. Flowers in 
dense  racemose heads (capitula) with one to 
many sessile fl owers on common receptacle, the 
head nearly always subtended by an involucre of 
one to several series of bracts; capitula occasion-
ally aggregated into cymose secondary heads 
sometimes with a secondary involucre; common 
receptacle of the head fl at to conical or cylindri-
cal, sometimes with a bract subtending each 
fl ower (mainly in Heliantheae) or densely bristly 
(mainly in Cynareae); heads homogamous (all 
fl owers alike) or heterogamous; in homogamous 
heads all fl owers are usually bisexual; in heterog-
amous heads the peripheral (radiate or fi liform) 
fl owers female or neutral and the central (disc) 
fl owers bisexual or unisexual (monoecious or 
dioecious, or androdioecious (rarely), or gyno-
dioecious (rarely), or polygamomonoecious. 
Perianth and androecium 5-merous or rarely 
4–3-merous. Calyx tube together with the base of 
corolla tube completely fused with the ovary and 
its free lobes usually greatly modifi ed and trans-
formed into a pappus, which is often strongly 
reduced or obsolete. Corolla of three basic types: 
(1) tubular or discoid (actinomorphic, 5-lobed or 
5-dentate, with a conspicuous tube and usually a 
short limb), ligulate (stap-shaped with fi ve apical 
teeth) or bilabiate in bisexual (or functionally 
male) fl owers; (2) radiate ( strap-shaped with 0–4, 
usually three, apical teeth) in peripheral female 
or sterile fl owers; (3) fi liform, narrow, apically 
truncate, minutely lobed or minutely radiate, in 
peripheral female fl owers; rarely corolla absent 
(in peripheral female fl owers). Stamens usually 
fi ve, epipetalous, alternate with the corolla lobes; 
fi laments usually free, but sometimes connate 
into tube (e.g., in Silybum, Galactites, and 
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Dipterocome); anthers usually  tetrasporangiate, 
or occasionally disporangiate, often with short 
apical appendage and often basal tails. Tapetum 
amoeboidal or less often secretory. Micro-
sporogenesis simultaneous. Pollen grains 
3-celled, mostly 3-colporate, psilate, spinulose or 
lophate, often caveate. Gynoecium of two car-
pels; style terminal, usually papillate, bifi d 
(branches commonly separating after passage 
through the anther tube), with annular or short 
tubular nectary disc at the base; ovary inferior, 
1-locular, with one basal, erect ovule. Female 
gametophyte of various types, but mostly of 
Polygonum-type. Endosperm cellular or less 
often nuclear, without haustoria. Fruits cypse-
las (achenes), usually with persistent pappus, 
very rarely drupaceous with fl eshy  pericarp 
(Chrysanthemoides, tribe Calenduleae, and 
Wulffi a, tribe Heliantheae). Seeds with straight, 
oily embryo; endosperm wanting or sometimes 
present as a very thin vestigial layer; exotestal 
cells thickened, palisade or fl attened, or undistin-
guished. Usually storing carbohydrate as inulin, 
and producing polyacetylenes, terpenoid essen-
tial oils, alkaloids and fl avonols  present or absent; 
producing diverse array of polyacetylenes, bitter 
 sesquiterpene lactones, caffeic and ursolic acids, 
and others; n = 2–19 + . . . . . . . . 5. asteraceae.

1. GOODENIACEAE

R. Brown 1810 (including Scaevolaceae Lindley 1830). 
12/420. Widely dispersed on tropical shores of the 
Atlantic and Indian oceans while the remainder extend 
north and east in the Pacifi c as far as China, Japan, the 
Philippines, the Hawaiian Islands, New Zealand, and 
Chile. Over 95% of the species are endemic to Australia 
(especially western Australia) and Tasmania.

Velleia, Goodenia (including Calogyne), Selliera, 
Scaevola, Leschenaultia, Anthotium, Pentaptilon, 
Diaspasis, Verreauxia, Dampiera, Coopernookia.

Morphological and molecular data support the 
relationships the Goodeniaceae, Calyceraceae, and 
Asteraceae.

2. BRUNONIACEAE

Dumortier 1829. 1/1. Australia and Tasmania.

Brunonia
A rather heterobathmic family that differs from the 

Goodeniaccae mainly in actinomorphic or nearly acti-
nomorphic fl owers borne in involucrate heads and the 
endospermless seeds.

3. MENYANTHACEAE

Dumortier 1829. 5/60. Subcosmopolitan.
Menyanthes, Villarsia, Nymphoides, Liparophyllum, 

Nephrophyllidium
Belong to the Asterales, but occupies somewhat 

isolated position. The affi nity with the Asterales is 
confi rmed by molecular data (Michaels et al. 1993; 
Gustafsson and Bremer 1995).

4. CALYCERACEAE

Richard 1820. 5/60 (including Boopidaceae Cassini 
1816). South America, mainly in the southern Andes 
and Patagonia.

Boopis, Calycera, Gamocarpha, Moschopsis, 
Acicarpha (including Nastanthus).

Calyceraceae have similarities with Goodeniaceae, 
but differ from them mainly in the absence of pollen-
collecting cups, epipetalous stamens, in multinucleate 
tapetal cells, and fruit-type. Calyceraceae also related 
to Asteraceae: they have similar second pollen presen-
tation, and also Calyceraceae and Barnadesioideae 
have a similar simple fl avonoid profi le. However they 
markedly differ from Asteraceae in having en entire 
stigma, glabrous terminal style, and in lacking a pap-
pus, as well as the presence of iridoids.

5. ASTERACEAE

Martynov 1820 or Compositae Giseke 1792 (nom. 
altern.) (including Ambrosiaceae Marynov 1820; 
Anthemidaceae Martynov 1820; Aposeridaceae  Rafi ne-
sque 1838; Arctotidaceae Bessey 1914; Artemisiaceae 
Martynov 1820; Athanasiaceae Martynov 1820; 
Calendulaceae Link 1829; Carduaceae Dumortier 
1822; Cassiniaceae C.H. Schultz 1852; Centauraceae 
Martynov 1820; Cichoriaceae A.L. de Jussieu 
1789; Cnicaceae Vest 1818; Cynaraceae Durande 
1782; Echinopaceae Dimortier 1822; Eupatoriaceae 
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Martynov 1820; Gnaphaliaceae Link ex F. Rudolphi 
1830; Heleniaceae Rafi nesque 1824; Helianthaceae 
Dumortier 1822; Inulaceae Bessey 1914; Lactucaceae 
Drude 1979; Matricariaceae J.Voigt 1845; Mutisiaceae 
Burnett 1835; Nassauviaceae Burmeister 1836; 
Picridaceae Martynov 1820; Santolinaceae Martynov 
1820; Senecionaceae Berchtold et J. Presl 1820; 
Serratulaceae Martynov 1820; Syngenetiaceae Horani-
now 1847; Tanacetaceae Vest 1818; Vernoniaceae 
Burmeister 1837; Xanthiaceae Vest 1818). C.1600/
23000 or more. Cosmopolitan, but mostly in temperate 
and subtropical regions.

Delpino (1871), Small (1919), Rosen (1946, 
1949), and many others derive the Asteraceae from 
the Lobeliaceae or Lobeliaceae-like ancestor. In the 
Englerian system, they occupy a position near and 
after the Calyceraceae at the top of Campanulales 
sensu lato. Recent morphological and molecular data 
suggest that the Asteraceae form a sister group to the 
clade Calyceraceae and Goodeniaceae (Jansen et al. 
1991b; Harris 1995). The Asteraceae differ from 
them mainly in producing various types of sesquiter-
pene lactones, in the absence of iridoid compounds, 
in calyx  transformed into pappus, and in mostly 
amoeboid tapetum. The similarities between 
Asteraceae and Calyceraceae include involucrate 
capitula, specialized pollen presentation mechanism, 
epipetalous stamens, uniovulate ovary, and the pres-
ence of unique intercolpar concavities. Both families 
evidently share a  common origin from some 
Goodeniaceae-like ancestor.

Classifi cation after C. Jeffrey 2007.

5.1 BARNADESIOIDEAE
Shrubs, trees, or perennial or annual herbs, usually 
with fascicled nodal spines. Capitula homogamous 
or heterogamous, discoid or pseudoradiate or ligu-
late, sessile or pedunculate. Floral parts having 
3-cellular hairs with swollen basal cell (barnade-
sioid hairs), often with axillary spines; corolla tubu-
lar, often villous; fi laments free or rarely fused, 
inserted at different levels; style shortly bilobed or 
bifi d, glabrous or papillose below bifurcation; 
cypselas densely villous, with straight simple hairs, 
rarely glabrous. Pappus  uniseriate or rarely absent. 
Poor in fl avonoids, fl avonols absent; n = 8, 24, 25, 
27. – Schlechtendalia, Doniophyton, Duseniella, 
Fulcaldea, Barnadesia, Huarpea, Dasyphyllum, 
Arnaldoa, Chuquiraga.

5.2 MUTISIOIDEAE
Shrubs, trees or perennial or rarely annual herbs, rarely 
scandent. Leaves usually alternate, denticulate or lobu-
late. Capitula homogamous, bilabiate or discoid, rarely 
ligulate. Florets 1-many, 5-merous. Corolla lobes long, 
with an apical tuft of minute hairs; style with or  without 
hairs, without thickening on shaft below branches; 
stigma lobes short, pollen spinulose; cypselas usually 
with twin hairs. Pappus usually present, commonly of 
bristles, often uniseriate; n = (6-)9. – stifftieae: 
Stifftia, etc.; mutisieae: Mutisia, Acourtia, Chaptalia, 
Anislaea, Trixis, etc.

5.3 CARDUOIDEAE
Perennial, biennial or less often annual herbs, shrubs 
or rarely trees, rarely scandent. Leaves alternate, 
 denticulate or lobulate, especially in herbaceous 
 members often spiny. Capitula homogamous or 
 heterogamous, discoid or discoid with marginal fl orets 
sterile and radiant, rarely bilabiate-radiate or ligulate. 
Florets one to many, 5-merous; corolla lobes long; 
anthers calcarate and caudate; pollen spinulose or 
spiny; plant often spiny; style usually with a papillose 
or hairy thickening on the shaft below the style 
branches; cypselas with twin hairs, simple hairs or 
 glabrous. Pappus usually present, of bristles or scales; 
n = 12. – gochnatieae: Ainsliaea, Gochnatia, 
Brachylaena; hecastocleideae: Hecastocleis; 
tarcho nantheae: Tarchonanthus; dicomeae: 
Dicoma; cynareae-carlininae: Atractylodes, 
Thevenotia, Carlina, Atractylis, etc.; pertyeae: 
Ainsliaea, cynareae-echinopsinae: Echinops, Acan-
tholepis, Amphoricarpos, Xeranthemum, Char dinia, 
etc.; cynareae-carduinae: Arctium, Cousinia, 
Onopordum, Saussurea, Jurinea, Carduus, Cirsium, 
Silybum, Cynara, Ptilostemon, Lamyropsis, Alfredia, 
Olgaea, Galactites, Picnomon, etc.; cynareae- 
centaureinae: Serratula, Stemma cantha, Leuzea, 
Tricholepis, Acroptilon, Callicephalus, Centaurea, 
Centaurodendron, Chartolepis, Stizolophus, Zoegea, 
Cnicus, Carthamus, Carduncellus, Amberboa, 
Oligochaeta, Volutaria, Crupina, etc.

5.4 CICHORIOIDEAE (Lactucoideae)
Perennial, biennial or annual herbs, shrubs or trees, rarely 
scandent, very rarely aquatic. Leaves alternate or oppo-
site, entire to deeply lobed, sometimes spiny. Capitula 
homogamous, ligulate, radiate or  discoid, less often 
heterogamous, radiate or discoid. Disc fl orets usually 



Superorder ASTERANAE 503

with long, narrow lobes. Anthers dorsifi xed, mostly 
calcarate and caudate. Pollen grains globose, mostly 
spiny, usually excavate, sometimes  honeycombed. 
Style arms usually long, acute, with single stigmatic 
area on inner surface; style hairs  usually evently dis-
tributed along the style-branches and on the shaft 
below. Cypselas with twin hairs. Pappus usually pres-
ent, sometimes  heteromorphic. Plants mostly unarmed. 
Laticifers often  present; n = (7-)9–10(-13). – gymnar-
rheneae: Gym narrhena; moquinieae: Moquinia, 
Pseudostifftia;  vernonieae: Vernonia, Piptocarpha, 
Stokesia, Lychno phora, Elephantopus, etc.; liabeae: 
Munnozia, Chrysactinium, Liabum, Oligactis, etc.; 
cichorieae (lactuceae): Scolymus, Cichorium, 
Tolpis, Amoseris, Andryala, Hieracium, Catananche, 
Krigia, Malaco thrix, Stephanomeria, Hyoseris, 
Hypochaeris, Leonto don, Picris, Urospermum, 
Hedypnois, Rhagadiolus, Scorzonera, Epilasia, 
Tragopogon, Koelpinia, Dubyaea, Soroseris, 
Prenanthes, Lactuca, Stepto rhamphus, Scariola, 
Cephalorrhynchus, Mycelis, Cicerbita, Lapsana, 
Crepis, Ixeris, Youngia, Taraxa cum, Chondrilla, 
Heteracia, Launaea, Reichardia, Sonchus, etc.; gun-
delieae: Gundelia;  arctotideae-arctotidinae: 
Arctotis, Berkheya, etc.; arctotideae-gorterii-
nae: Gorteria, Gaza nia, Cullumia, Hirpicium, etc.; 
arctotideae-eremothamninae: Eremothamnus, 
Hoplophyllum.

5.5 ASTEROIDEAE
Perennial to annual herbs or shrubs, less often trees, 
sometimes scandent, epiphytic or aquatic, sometimes 
succulent. Leaves alternate or opposite, not spiny. 
Florets one to many, (3–4-)5(-6)-merous; marginal 
fl owers often differentiated, radiate and 3-dentate or 
outer fl owers female, with fi liform corolla, central 
fl owers actinomorphic and usually shallowly lobed; 
anthers basifi xed, mostly ecalcarate and often ecau-
date, usually slender. Pollen grains mostly spiny and 
caveate, never honeycombed. Styles generally pilose 
mainly at the tips of the branches, mostly with stig-
matic areas in two separate lines. Cypselas with twin 
hairs. Pappus present or absent, usually of bristles or 
scales or coroniform, sometimes auriculiform or of 
awns, sometimes heteromorphic. Laticifers usually 
absent; n = (4-)9–10(-19). – corymbieae: Corymbium; 
senecioneae: Ligularia, Farfugium, Doronicum, 
Tussilago, Petasites, Adenostyles, Dendrocacalia, 
Paragynoxys, Tetradymia, Robinsonia, Brachyglottis, 

Werneria, Gynoxys, Cineraria, Gynura, Crasso-
cephalum, Senecio, Emilia, Othonna, Lopholaena, 
Kleinia, Euryops, etc.; calenduleae: Dimorphotheca, 
Osteospermum, Oligocarpus, Tripteris, Calendula, 
Gibbaria, Chrysanthemoides, Garuleum, etc.; 
gnaphalieae: Phagnalon, Athrixia, Filago, Micropus, 
Evax, Bombycilaena, Cymbolaena, Lucilia, Metalasia, 
Relhania, Loricaria, Cassinia, Helichrysum, Ifl oga, 
Lasiopogon, Gnaphalium, Antennaria, Leontopodium, 
Angianthus, etc.; astereae: Grangea, Chrysopsis, 
Engleria, Grindelia, Gutierrezia, Solidago, Haplopap-
pus, Chrysothamnus, Pteronia, Dichrocephala, Bellis, 
Myriactis, Calotis, Callistephus, Aster, Erigeron, 
Lachnophyllum, Psychrogeton, Melanodendron, Commi-
dendrum, Diplostephium, Olearia, Felicia, Micro-
glossa, Conyza, Nolletia, Chrysocoma, Baccharis, 
etc.; anthemideae: Santolina, Anthemis, Achillea, 
Chamaemelum, Matricaria, Chamomilla, Cladanthus, 
Anacyclus, Chrysanthemum, Tanacetum, Microcephala, 
Tridactylina, Cancrinia, Lepidolopha, Leucanthemum, 
Cotula, Soliva, Artemisia, Lasiospermum, Erioceph-
alus, Ursinia etc.; inuleae: Inula, Pulicaria, Blumea, 
Jasonia, Pegolettia, Nauplius, Telekia, Buphthalmum, 
Carpesium, Amblyocarpum, Pluchea, Laggera, 
Nicolasia, Pterocaulon, Epaltes, Blumeopsis, Ade-
lostigma, Karelinia, Streptoglossa, Stenachaenium, 
Cylindrocline, etc.; heliantheae: Blepharispermum, 
Arnica, Bahia, Flaveria, Hymenopapus, Gaillardia, 
Helenium, Hymenoxys, Dyssodia, Tagetes, Pectis, 
Porophyllum, Bidens, Chrysanthellum, Coreopsis, 
Cosmos, Dahlia, Fitchia, Echinacea, Rudbeckia, 
Zinnia, Verbesina, Wedelia, Helianthus, Simsia, 
Galinsoga, Tridax, Melampodium, Sigesbeckia, 
Silphium, Ambrosia, Iva, Parthenium, Xanthium, 
Adenostemma, Eupatorium, Trichogonia, Campulo-
clinium, Ayapana, Critonia, Koanophyllon, Chromo-
laena, Bartlettina, Neomirandea, Symphy opappus, 
Ageratum, Stevia, Brickellia, Helogyne, Liatris, 
Fleischmannia, Micania, Ageratina, etc.
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Trees, shrubs, subshrubs, and herbs. Vessels mostly 
with simple perforations. Sieve-element plastids of 
S-type. Nodes unilacunar, trilacunar, or multilacunar. 
Leaves alternate or more often opposite, sometimes 
verticillate, estipulate or with stipules. Flowers nearly 
always sympetalous. Tapetum usually secretory. 
Microsporogenesis simultaneous. Gynoecium mostly 
of two united carpels; ovary superior to inferior. Ovules 
unitegmic and usually tenuinucellate. Endosperm 
nuclear or cellular, often with haustoria. Fruits of vari-
ous types. Seeds with or without endosperm.

The subclass Lamiidae is most probably derived 
from the most primitive Cornanae – Desfontainiales. 
According to Olmstead et al. (1992: 259; 1993), this 
lineages is one of the most strongly supported clades 
in the higher dicots.
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Superorder LAMIANAE

Order 120. RUBIALES (GENTIANALES)

Trees, shrubs, subshrubs, and perennial or annual herbs. 
Intraxylary (internal) phloem present in all investigated 
members; interxylary (included) phloem of the foram-
inate type present in Antoniaceae, Strychnos and some 
species of Logania. Vessels with simple perforations or 
rarely scalariform perforations; lateral pitting mostly 

alternate. Fibers with bordered or more often simple 
pits, sometimes septate. Vestured pits present or rarely 
(Gelsemium and Logania) absent. Rays heterogeneous 
to homogeneous or wanting. Axial parenchyma of 
diverse types or absent. Sieve-element plastids of S-type 
or Ss-type. Nodes trilacunar, unilacunar, or multi-
lacunar. Leaves opposite or sometimes verticillate, 
rarely alternate, simple and usually entire, estipulate or 
less often with interpetiolar stipules; leaf mesophyll 
cells sometimes contain oil bodies. Colleters often 
present. Stomata mostly paracytic or anomocytic. 
Flowers in cymose or less often racemose infl ores-
cences, sometimes solitary, bisexual or rarely  unisexual, 
mostly actinomorphic or nearly actinomorphic, with 
double perianth. Corolla sympetalous, lobes usually 
contorted, less often imbricate or valvate. Stamens 
 usually as many as and alternate with the corolla lobes, 
in a single whorl, or very rarely (Dialypetalanthus) 
 stamens 16–26, in two whorls, usually attached to the 
corolla tube; anthers tetrasporangiate, opening longitu-
dinally or very rarely (as in Exacum) by apical pores. 
Tapetum secretory. Microsporogenesis simultaneous or 
(some Apocynaceae) successive. Pollen grains 2-celled 
or 3-celled, mostly 3-colporate. Intrastaminal nectary 
disc present or absent. Gynoecium of two or less often 
3–5 (up to eight) united carpels; stylodia more or less 
united into a terminal style; ovary superior to inferior, 
mostly 1-locular, with (1-) many ovules in each locule 
or on each placenta. Ovules anatropous to hemitropous, 
unitegmic, tenuinucellate, sometimes with endothe-
lium. Female gametophyte usually of Polygonum-type. 
Endosperm nuclear or rarely (Mitrasacme, Voyriella) 
cellular (Johri et al. 1992), very rarely (in some 
Apocynaceae) with chalazal haustorium. Fruits  capsules 
or of diverse other types. Seeds exotestal, with more or 
less straight embryo and copious endosperm, rarely 
endosperm nearly wanting. Usually producing iridoid 

Subclass VIII. LAMIIDAE
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compounds and often also alkaloids, but without car-
diotonic glycosides.

The basal group within the Lamiidae, probably 
directly connected with the Hydrangeales and have a 
common origin from the saxifragalean stock.

Key to Families
1 Plant without a latex-system, and without cardio-

tonic glycosides.
2 Intraxylary (internal) phloem present.

3 Stigma twice dichotomously branched. 
Shrubs, subshrubs, or lianas with simple hairs 
or almost glabrous. Vessels mostly with sim-
ple perforations, except for a few scalariform 
perforations, plates with few bars close to the 
pith in Mostuea; intervascular pits small, ves-
tured (Mostuea) or not vestured (Gelsemium). 
Fibers with small bordered pits, nonseptate 
(Gelsemium) or some septate ones present 
(Mostuea). Rays heterogeneous (Mostuea) or 
homogeneous (Gelsemium). Axial paren-
chyma scanty vasicentric (Gelsemium) or 
absent (Mostuea). Secondary thickening 
anomalous from a single cambial ring. Leaves 
opposite or whorled, entire or obscurely sinu-
ate-dentate; stipulate (stipeles interpetiolar to 
intrapetiolar, sometimes reduced to a stipular 
sheath joining the opposite leaf bases) or 
estipulate. Colleters present in the axils of the 
leaves, bracts, and sepals, or only in the axils 
of the leaves. Flowers in axillary or terminal 
cymes or sometimes solitary, bracteate, nearly 
always heterostylous, actinomorphic or nearly 
so, bisexual, with variously shaped bracts. 
Perianth and androecium 5-merous, occasion-
ally (Mostuea) 4-merous. Sepals free or con-
nate up to the middle, equal or unequal, 
imbricate, persistent. Corolla funnel-shaped, 
tube much longer than the lobes, lobes imbri-
cate, equal or subequal. Stamens four, rarely 
fi ve, inserted near the base of the corolla tube, 
or midway down the corolla tube, equal or 
unequal; fi lament very short; anthers dorsi-
fi xed, extrorse (Gelsemium) or latrorse. Pollen 
grains 3-colporate, with long, unbranched col-
umellae and granulate colpus membrane 
(Gelsemium) or fi nely suprastriate, with long 
and branched columellae and more or less 
smooth colpus membrane. Gynoecium of two 

carpels; styles 1–2, free to partially joined, 
stigmas two, or four (each bifurcated). Ovary 
superior, 2-locular, glabrous or hairy, with two 
(Mostuea) or 2–8 (Gelsemium) anatropous 
ovules in each locule. Fruits septicidal 
(Gelsemium) or loculicidal (Mostuea) cap-
sules. Seeds rather large, fl attened, winged 
(Gelsemium) or  wingless, with rather thin 
testa, small, straight or curved embryo and 
copious, starchy (Gelsemium), or bony 
(Mostuea) endosperm. Producing seco-
iridoids, C-17 indole alkaloids, quercetin, 
kaempferol; n = 4, 8 (Gelsemium) or 10 
(Mostuea). . . . . . . . . . . . . . 1. gelsemiaceae.

3 Stigma not branched.
4 Mostly trees and shrubs, sometimes woody 

lianas or herbs.
5 Fruits capsules.

6 Seeds free (not embedded in the pulp).
7 Plants producing iridoids and small 

amount of alkaloids. Shrubs, sub-
shrubs, or herbs, Logania  tortuosa is 
switch-plant, glabrous or with simple 
hairs. Vessels usually with simple, or 
rarely scalariform perforations, with-
out vestured pits. Fibers with simple 
pits. Nodes unilacunar (with one to 
several traces), trilacunar or multila-
cunar. Secondary thickening develop-
ing from a conventional cambial ring, 
or anomalous. Leaves opposite, entire, 
simple, sometimes reduced to scales, 
connected at the base by more or less 
distinct stipular line or a short ochrea. 
Flowers in terminal or axillary cymose 
infl orescences or solitary, bisexual or 
 unisexual (dioecious), actinomorphic. 
Perianth and androecium 5-merous, 
rarely (only Logania micrntha) 
4-merous. Sepals subequal, basally 
connate, imbricate, with colleters 
inside or not. Corolla rotated or cam-
panulate, lobed, lobes imbricate. 
Stamens attached to the corolla tube 
or corolla throat, in female fl owers 
smaller or absent; anthers dorsifi xed, 
introrse. Pollen grains 3-colporate. 
Gynoecium of two carpels; style 
thick, with large, subglobose, or 
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oblong stigma; ovary superior, 2-loc-
ular, with several (3–50) ovules per 
locule; ovules anatropous or hemi-
anatropous. Fruits septicidal or loculi-
cidal (dehiscing only in the upper 
half) capsules, or schizocarp (Watson 
and Dallwitz 1992). Seeds more or 
less ellipsoid, wingless, with a 
 honeycomblike reticulation; embryo 
straight, cylindrical, endosperm 
starchy, n = 16.  . . . 2. loganiaceae.

7 Plants not producing either iridoids 
or alkaloids. Erect or climbing shrubs 
or small to large trees, glabrous or 
with simple hairs. Wood diffuse 
porous, not storied, secondary thick-
ening anomalous present. Vessels 
with simple perforations, with ves-
tured pits; xylem with tracheids 
(abundant in Usteria) or without tra-
cheids. Fibers with small bordered 
pits. Leaves opposite, simple, entire 
or dentate, connected at the base by 
an interpetiolar line, short sheath, or 
ciliolate rim; colleters often present 
in the axils of leaves and bracts and 
at the base of sepals. Stomata ano-
mocytic, paracytic, or encyclocytic. 
Flowers in usually terminal cymes 
or in panicles, actinomorphic or 
(Usteria)  zygomorphic, 5-merous or 
(Usteria) 4-merous. Calyx some-
times (Antonia) surrounded by 
numerous imbricate, scalelike bracts, 
5–4-lobed or partite, lobes or seg-
ments equal or (Usteria) outer lobe 
enlarged and petaloid. Corolla tubu-
lar, tube often slender; lobes fi ve or 
four, valvate. Hypogynous disc small 
or absent. Stamens fi ve, four or 
(Usteria) one, inserted in the throat 
of the corolla tube;. anthers dorsi-
fi xed, latrorse or introrse. Pollen 
grains 3-colporate. Gynoecium of 
two carpels; style deciduous or per-
sistent, with capitate or shortly 
2-lobed stigma; ovary superior or 
rarely inferior, 2-locular, with numer-
ous (15–50), anatropous or amphi-

tropous ovules. Fruits septicidal, 
2-valved capsules. Seeds winged, the 
wing diaphanous, reticulate-veined; 
embryo relatively large, straight, or 
incurved in fl eshy or starchy 
endosperm. Iridoids not detected, 
n = 11 (Usteria). . 4. antoniaceae.

6 Seeds embedded in pulp. Small, gla-
brous shrubs to small trees, rarely 
scrambling to semiclimbing. Branches 
terete, quadrangular, or 4-winged. 
Wood  diffuse porous; not storied. 
Vessels mostly with simple perfora-
tions, rarely (a few spp. Labordia), 
with scalariform perforations, with 
vestured pits. Leaves opposite, petio-
late to sessile, simple, entire, stipulate 
(stipules interpetiolar or intrapetiolar) 
or estipulate. Colleters present or 
absent. Flowers in terminal (Labordia) 
or axillary, ramifl orous or caulifl orous 
(Geniostoma) infl orescences or occa-
sionally solitary, unisexual or gynodi-
oecious, actinomorphic, 5-merous. 
Sepals nearly free or connate, imbri-
cate, inside mostly with colleters at the 
base, margin mostly fi mbriate. Corolla 
campanulate to rotate, lobed, lobes 
imbricate or contorted. Stamens fi ve, 
inserted at the corolla mouth; fi laments 
mostly short, not appendiculate; anthers 
dorsifi xed, introrse; often with a dis-
tinct apical appendage. Pollen grains 
3-pororate or with more than three 
pores in zonoporate or pantoporate 
position,  psilate or coarsely reticulate. 
Gynoecium of two or three (Labordia) 
carpels. Ovary superior, 2- or rarely 
 3-locular, with many anatropous or 
amphitropous ovules in each locule; 
style mostly short; stigma about as large 
as the ovary, clavate, ellipsoid or sub-
globose, sometimes more or less 
oblong. Capsules with thick and woody 
exocarp, septicidal to subseptifragal, 
with two (or three) valves breaking 
away from and exposing the persistent 
and pulpy placentas. Seeds wingless, 
 ellipsoid, ovoid, or subglobose, intruded 
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on the hilar side, mostly minutely papil-
late to areolate, with small straight 
embryo and fl eshy endosperm. Alkaloids 
 present or absent, iridoids detected, 
n = 10.  . . . . . . . . 10. geniostomaceae.

5 Fruits drupes or berries. Trees, shrubs, or 
woody lianas, often with tendrils and/or 
axillary spines or spreading prickles, gla-
brous or with simple hairs. Vessels with 
simple perforations and with vestured 
pits. Fibers with bordered pits. Leaves 
opposite or on the main axis sometimes 
ternate, entire, pinnately veined or 
3–5-veined from or above the base, estip-
ulate or with persistent or caducous 
stipules. Flowers in terminal or/and axil-
lary cymose infl orescences, rarely soli-
tary, bisexual, actinomorphic or nearly 
so, with scalelike to leafy bracts, perianth 
and androecium 4- or 5-merous. Sepals 
free or up to the middle connate, imbri-
cate, persistent. Corolla rotated to salver-
shaped, more or less fl eshy, lobes valvate. 
Stamens 4–5, inserted on the corolla tube 
or in the throat of the corolla tube; fi la-
ments shorter or longer than the anthers; 
anthers introrse. Pollen grains 3-colpo-
rate or rarely 4- or 2-colporate, or syn-
colpate, usually psilate with widely 
distributed perforations. Ovary superior, 
2-locular, with an axile placenta with few 
to many ovules or, if 1-locular, with a 
basal placenta; ovules anatropous; style 
usually short, with capitate to 2-lobed 
stigma. Fruits berries or (Neuburgia) 
drupes. Seeds variously shaped, with thin 
or thick testa; embryo minute to very 
large; endosperm thick, horny, with a 
large central cavity. Colleters in the axils 
of the leaves and bracts and at the base of 
the sepals or not. Producing loganin and 
related iridoid glycosides and indole 
alkaloids n = 11. . . . . 3. strychnaceae.

4 Mostly herbs, rarely shrublets, shrubs, or 
small trees.
8 Corolla lobes valvate. Herbs, rarely sub-

shrubs, sometimes swith-plants. Vessels 
with simple perforations, but in Mitreola 
sometimes occur scalariform perfora-

tions with a few bars. Wood diffuse 
porous, not storied. Axial parenchyma 
absent. Secondary thickening anomalous 
from a single cambial ring. Leaves well 
developed or much reduced, opposite, or 
opposite and verticillate, simple, entire, 
petiolate to subsessile, with stipular lines 
or small, interpetiolar stipules. Colleters 
in the axils of leaves and bracts and at the 
base of inner side of sepals sometimes 
present. Flowers in terminal or axillary 
cymes or more or less unilateral spikes, 
rarely solitary or fasciculate or subumbel-
late, 5-merous. Calyx persistent, some-
times glandular within the base. Corolla 
valvate (the lobes pointed, erect), funnel-
shaped or tubular. Stamens fi ve, attached 
to the corolla tube or in the throat of the 
corolla tube; anthers dorsifi xed, introrse. 
Pollen grains 2(3)4-colpate (Spigelia) or 
3-colporate. Gynoecium of two carpels; 
style bifi d or deeply 2-lobed or 2-partite, 
with truncate, clavate, or capitate stig-
mas; ovary superior, sessile, 2-locular, 
with numerous ovules densely arranged 
on peltate  placentas; ovules anatropous, 
or campylotropous, or hemianatropous. 
Fruits capsules, septicidal or (Spigelia) cir-
cumscissile at the base. Seeds wingless 
and not particularly compressed, some-
times polyhedral; embryo straight; 
endosperm fl eshy, ruminate. Producing 
iridoid compounds asperuloside, genipo-
side, and geniposidic acid. n = 8 (Spigelia), 
10 (Mitreola). . . . . . . . . .5. spigeliaceae.

8 Corolla lobes contorted or imbricate. 
Perennial or annual herbs, often mycor-
rhizal and sometimes strongly 
mycotrophic and without chlorophyll, 
rarely shrubs or trees. Glabrous or with 
various types of trichomes, sometimes 
glandular. Vessels with simple or some-
times (Saccifolium) scalariform perfora-
tions. Rays when present predominantly 
uniseriate. Axial parenchyma scanty 
vasicentric or (Saccifolium) wanting. 
Leaves opposite or sometimes verticil-
late, very rarely alternate, usually entire, 
simple, saccate (Saccifolium), in 
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mycotrophic genera reduced to scales. 
Stomata anomocytic or sometimes aniso-
cytic. Flowers in cymose or rarely race-
mose infl orescences, sometimes solitary, 
bisexual or rarely (Veratrilla) unisexual, 
actinomorphic or rarely slightly zygomor-
phic, 5–4(rarely 6–12)- merous. Calyx 
mostly synsepalous, usually with a short 
to well-developed tube and imbricate or 
sometimes valvate or open lobes, some-
times the lobes much reduced or sup-
pressed, rarely sepals nearly free. Corolla 
often with scales or nectary pits within the 
tube. Stamens attached to the corolla tube 
or throat, free or rarely connate by anthers; 
anthers basifi xed, introrse or rarely 
(Saccifolium), latrorse, opening longitudi-
nally or rarely (as in Exacum and 
Cotylanthera) by apical pores that extend 
halfway to the base. Pollen grains 2-celled 
or 3-celled, (2)3(4)-colporate or 
2–3-porate, sometimes monoporate (as 
in Voyriella and spp. of Leiphamos). 
Intrastaminal nectary disc or nectary 
glands usually present. Gynoecium of two 
carpels; style with an entire or 2-lobed, 
papillate stigma; ovary 1-locular, with two 
parietal placentas that usually pro ject 
more or less deeply into the cavity and 
sometimes connate in its center, forming a 
false partition as in Exacinae; in 
Cotylanthera as a result of suppression of 
the false partition the parietal  placentation 
transformed into free central. Ovules more 
or less numerous, anatropous or some-
times hemitropous or orthotropous, rarely 
(in some parasitic species) ategmic. Fruits 
septicidal capsules or rarely baccate. 
Seeds numerous, small, winged or not, 
with small embryo and copious endosperm, 
very simplifi ed in mycotrophic genera. 
Usually producing bitter substances con-
sisting of iridoid compounds, especially 
gentiopicroside and related substances, 
n = 5–13.  . . . . . . . . . . 9. gentianaceae.

2 Intraxylary (internal) phloem absent.
9 Flowers bisexual or rarely unisexual.

10 Stamens (8)16–18(-25) in two cycles, free. 
Trees up to 30 m tall, with dense white-

tomentose young branches. The wood is 
light but extremely hard. Vessels with sim-
ple perforations; lateral pitting alternate. 
Fibers septate. Rays heterogeneous. Axial 
parenchyma scanty paratracheal strands. 
Leaves opposite, entire, simple, with large, 
intrapetiolar and interpetiolar stipules that 
are laterally connate basally in pairs. 
Stomata paracytic. Flowers in terminal 
thyrses or cymose panicles,  bisexual, acti-
nomorphic, subtended by three bracteoles. 
Calyx of four free sepals decussate in two 
cycles of two, imbricate, persistent. Petals 
four, fl eshy, white, free, in two cycles, imbri-
cate. Stamens 16–25 (usually 16–17), united 
at their base into a short androecial ring atop 
the ovary, free from the corolla; fi laments 
short, basally connate into a tube; anthers 
elongate, 2-locular (the locules possess two 
horn-like appendages at apex), basifi xed, 
introrse, opening by apical pores. Pollen 
grains 3-colporate, reticulate. Nectary disc 
forming a fi mbriate ring at apex of ovary. 
Gynoecium of two fused carpels, they are 
fl attened, grooved and densely covered with 
uniseriate, white hairs; style elongate, with 
very shortly 2-lobed stigma; ovary inferior, 
2- locular, with numerous, ascending, anat-
ropous (Piesschaert et al. 1997) ovules, on 
axile placentas. Fruits septifragal capsules 
crowned by persistent calyx and sparsely 
 covered with hairs, after maturation fruits 
glabrous. Seeds exotestal, numerous, elon-
gate, fl at, winged, with straight, large 
embryo and scanty, oily endosperm. Iridoids 
not detected.  . . 6. dialypetalanthaceae.

10 Stamens as many as corolla lobes, epipe-
talous. Trees and shrubs, often lianous or 
epiphytic, or subshrubs and perennial or 
annual herbs, mostly  terrestrial, rarely epi-
phytic or aquatic (Limnosipanea and spe-
cies of Spermacoce). Secretory cells or 
cavities of various types often occur in 
parenchymatous tissues. Calcium oxalate 
crystals are found as raphides,  styloids, 
druses, and crystal sand, and can be stores 
in various plant parts (Delprete 2004). 
Vessels almost always with  simple perfo-
rations; lateral pitting alternate, pits 
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vestured. Rays heterogeneous with long 
ends to homogeneous. Axial parenchyma 
apotracheal, paratracheal, or wanting. 
Nodes unilacunar or less often trilacunar, 
or more. Leaves opposite or rarely ver-
ticillate (Henriquezia), entire or serrate, 
very rarely alternate by suppression of one 
of a pair at each node, or dentate, very 
rarely sinuate-lobate or pinnatifi d, petio-
late to sessile, gland-dotted, or not, some-
times containing small galls with symbiotic 
bacterial colonies; stipules present, entire, 
divided, or fi mbriate, connate, or sheath-
ing at base, often caduceus and only repre-
sented by scars, usually interpetiolar or 
less often intrapetiolar, rarely with four 
stipules in Condaminea, or leafl ike in 
Galium; often bearing colleters inside that 
produce mucilage and protect the mer-
istematic tissues of the growing buds from 
herbivory (Delprete 2004). The mesophyll 
containing calcium oxalate crystals. 
Stomata usually paracytic. Infl orescences 
terminal or axillary, cymes, panicles, 
umbels, racemes, spikes, heads infl ores-
cences, or rarely unifl orous. Flowers 
bisexual or rarely unisexual (then plants 
usually dioecious), mostly actinomorphic, 
often heterostylous, in many groups (e.g., 
the Gardenieae and related tribes) 
protandrous with specialized stylar pollen 
presentation mechanism similar to one in 
Campanulaceae, Goodeniaceae, and 
Asteraceae, mostly with bracts and bracte-
oles. Calyx 5–4-lobed, lobes open and often 
small or sometimes obsolete (as in 
Neogaillonia) or sometimes one or more of 
them enlarged and brightly colored (e.g., in 
Mussaenda), frequently with colleters inside 
the base of the calyx. Corolla sympetalous 
(very rarely with petals free to base, as in 
Mastixiodendron and Hedstromia), (3)4–
5(8–10)-lobed, rarely 8–11-, or 12–15-
lobed, with valvate, imbricate or contorted 
lobes, actinomorphic to bilabiate. Stamens 
4–5, attached to corolla tube or at its throat, 
sometimes at its base; anthers sometimes 
slightly appendaged, basifi xed or dorsifi xed, 
introrse or extrorse, opening by longitudinal 

slits or by two apical pores (Rustia), or by 
one common lateral pore (in Tresanthera). 
Pollen grains 2-celled or 3-celled, of various 
types, mostly 3-colporate or 3(-4)-zonocol-
porate, in monads or in tetrads (Dessein 
et al. 2005). Nectary disc often present at 
the top of ovary. Gynoecium of two or sel-
dom 3–5 or even more  carpels; style slen-
der, with lobed or capitate stigma, rarely 
 stylodia free to base (as in Galium, 
Hedstromia, and Coprosma); ovary inferior 
or seldom semi-inferior (as in 
Mastixiodendron) rarely almost completely 
superior (Gaertnera and Pagamea), with as 
many locules as carpels, rarely 1-locular 
with parietal placentas (as in Gardenia, 
etc.), each locule with one to many ovules 
(commonly one ovule in Rubioideae). 
Ovules pendulous, horizontal or ascending, 
anatropous to hemitropous, very rarely cir-
cinotropous or hypertropous, often with 
funicular obturator, nearly always without 
endothelium. Endosperm nuclear or very 
rarely cellular. Fruits of diverse types, but 
mostly capsules (septicidal or loculicidal), 
fl eshy or leathery berries, or drupes. Seeds 
wingless or rarely winged, exotesta alone 
persisting, papillate hairy or not, mesotestal 
cells thickened; embryo usually straight 
to curved, embedded in usually copious, 
oily, ruminate endosperm, or sometimes 
endosperm scanty or wanting, in certain 
groups without seed coat. Producing iri-
doids, various types of alkaloids, fl avonols, 
kaempferol and quercetin, ursolic acid, inu-
lin (Cinchona), n = 6–17 (mostly 11, less 
often 9). . . . . . . . . . . . . . . . . . 7. rubiaceae.

9 Flowers unisexual. Perennial or annual herbs, 
sometimes succulent with raphide sacs. Xylem 
forming a continuous cylinder. Vessels very 
numerous, small, with simple perforations. 
Mechanical tissues lacking. Leaves opposite 
below, alternate above by suppression of one 
of each pair, simple, entire, fl eshy, with large, 
club-shaped glands at the apex; stipules inter-
petiolar, united, membranous, bearing col-
leters near the tip. Stomata paracytic. The 
mesophyll containing calcium oxalate crystals 
(raphides). Flowers monoecious, anemophil-
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ous, and evidently apetalous. Male fl owers 
 solitary or paired opposite the leaves of upper 
nodes, female fl owers mostly in simple axillary 
dichasia at lower nodes. Calyx of male fl owers 
inconspicuous, closed in bud but soon valvately 
splitting to the base into 2–5 broad, recurved 
lobes. Calyx of female fl owers membranous, 
very oblique, tubular, shortly 2–4-dentate at the 
apex. Corolla of female fl owers 2–4-toothed, 
valvate, unequal, but not bilabiate. Stamens 
(2)7–12(-30), sometimes basally united into 
groups of two, four, or six; fi laments slender; 
anthers erect in bud, but pendulous later, ver-
satile, 2-locular. Pollen grains 3-celled, 
(3)4–6(7)-zonoporate. Gynoecium pseudomono-
merous; style gynobasic, slender, exerted from 
mouth of calyx; ovary superior, 1-locular, with 
one basal and more or less  campylotropous or 
amphitropous, unitegmic (the integument mas-
sive) ovule. Fruits subglobose, nutlike drupes, 
pericarp with elaiosome. Seeds hippocrepiform, 
with strongly curved, large embryo in  copious, 
oily end osperm. Producing  iridoid compounds, 
n = 11.  . . . . . . . . . . . . . . . . 8. theligonaceae.

1 Plant with a well-developed latex-system (except in 
Nerium), and commonly producing cardiotonic 
 glycosides. steroidal alkaloids, cardenolides, group 
II decarboxylated iridoids present. Trees, shrubs, 
herbs, very often lianas, sometimes succulents, gla-
brous or with various kinds of trichomes.). Stem 
often of anomalous structure. Vessels with scalari-
form or simple perforations; Leaves opposite or 
sometimes verticillate, rarely alternate, simple, 
entire or rarely lobed or dentate; stipules wanting or 
rarely small and interpetiolar or vestigial. Flowers 
in cymose or racemose infl orescences, or solitary, 
bisexual or very rarely functionally unisexual, acti-
nomorphic or nearly so, commonly 5-merous. 
Sepals (4)5, more or less connate, imbricate or val-
vate. Corolla sympetalous, lobes contorted or rarely 
imbricate or valvate. Stamens as many as and alter-
nate with the corolla lobes, inserted on the corolla 
tube, free or more often connate; fi laments short; 
anthers free or more or less closely coherent or con-
nate around the style head, basifi xed or dorsifi xed, 
tetra sporangiate, bisporangiate or disporangiate, 
introrse, opening longitudinally or apically. Pollen 
grains 3-celled, in monads, tetrads or pollinia, 
3-colporate or porate. Nectar secreted in alternis-

taminal troughs on staminal tube or staminal feet or 
from disclike nectary around base of ovary, more 
rarely from sides of ovary or absent. Gynoecium of 
2(-8) carpels, these connate in varying degrees; 
ovary superior to semiinferior, stigma mostly on 
underside of style head, often restricted to fi ve 
chambers behind guide rails. Ovules two to many, 
commonly pendulous, anatropous, amphitropous, 
or hemitropous, very rarely orthotropous, with or 
without endothelium. Fruits of diverse types. Seeds 
small, exotestal, often with a terminal coma of long 
hairs, naked, winged or arillate, with straight 
embryo and oily, copious to scanty endosperm. n = 
8–12.  . . . . . . . . . . . . . . . . . . . . . 11. apocynaceae.

1. GELSEMIACEAE

L. Struwe et V.A. Albert 1995. 2/11. Tropical Africa, 
Madagascar, Southeast Asia, southern North America, 
and Central and northern South America.

Gelsemium, Mostuea
Probably the most archaic member of the order.

2. LOGANIACEAE

R. Brown ex C. Martius 1827. 1/15. New Caledonia 
(1), New Zealand (1), and Australia (13).

Logania

3. STRYCHNACEAE

Perleb 1818 (including Gardneriaceae Perleb 1838). 
4/250. Eastern and Southeast Asia, East Malesia, 
Melanesia, Fiji.

Strychnos, Scyphostrychnos, Neuburgia, Gardneria

4. ANTONIACEAE

Hutchinson 1959. 4/8. West Malesia (Norrisia), tropi-
cal South America, and West and tropical Africa 
(Usteria).

Norrisia, Bonyunia, Antonia, Usteria
Connected with the Loganiaceae and Gelsemiaceae, 

but lacking both iridoids and alkaloids (Bisset 1975; 
Jensen 1992).
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5. SPIGELIACEAE

C. Martius 1827. 3/96. Madagascar, southern, eastern, 
and Southeast Asia, New Guinea, Australia, Tasmania, 
New Zealand, New Caledonia, Caroline Islands, North 
and South America.

Spigelia, Mitreola, Mitrasacme
Spigeliaceae are a rather heterogeneous and per-

haps not a natural family. Pollen grains of the 
Spigeliaceae are of different types (Punt 1980), and 
this together with diverse types of fruits and different 
basic numbers of chromosomes does not indicate any 
great coherence within the group (Bisset et al. 1980). 
There are affi nities with Loganiaceae but even more 
with Rubiaceae, especially with the Hedyotideae in 
habit, stipules, fl owers, and wood anatomy (Bisset 
et al. 1980). According to Mennega (1980: 119), 
“ striking is the similarity in wood structure between 
Spigelieae and Hedyotis” Here I am accepting the 
 family Spigeliaceae only tentatively.

6. DIALYPETALANTHACEAE

Rizzini et Occhioni 1948. 1/1. Amazonian Brazil and 
Peru.

Dialypetalanthus
Very closed to the Rubiaceae (Dahlgren and Thorne 

1984 [“Dialypetalanthus is probably an aberrant early 
off-shoot of the Rubiaceae or a relict family closely 
related to the Rubiaceae”, p. 690]). It is important to 
mention that Dialypetalanthus has the same type of 
bifi d stipules and many-seeded capsules as in the 
Rondeletieae complex (Delprete 2004), but differs in 
dimerous origin of calyx and corolla, free corolla 
lobes, and numerous stamens.

7. RUBIACEAE

A.L. de Jussieu 1789 (including Aparinaceae 
Hoffmannsegg et Link 1813–1829, Asperulaceae 
Chamisso ex Spenner 1835, Catesbaeaceae Martynov 
1820, Cephalanthaceae Rafi nesque 1820, Cinchonaceae 
Batsch 1802, Coffeaceae Batsch 1802, Coutareaceae 
Martynov 1820, Cynocrambaceae Endlicher 1841, 
Galiaceae Lindley 1836, Gardeniaceae Dumortier 
1829, Guettardaceae Batsch 1802, Hedyotidaceae 
Dumortier 1829, Henriqueziaceae Bremekamp 1957, 

Houstoniaceae Rafi nesque 1840, Hydrophylacaceae 
Martynov 1820, Lippayaceae Meisner 1836–1843, 
Lygodysodeaceae Bartling 1830, Naucleaceae 
Wernham 1912, Nonateliaceae Martynov 1820, 
Operculariaceae A.L. de Jussieu ex Perleb 1818, 
Pagamaeaceae Martynov 1820, Psychotriaceae 
F. Rudolphi 1830, Randicaceae Martynov 1820, 
Sabiceaceae Martynov 1820). 650/13000. Cosmo-
politan, but mainly in tropical and subtropical regions 
with some genera in temperate and cold regions (even 
in the Arctic and Antarctic).

7.1 RUBIOIDEAE
Small trees, shrubs, lianas, epiphytes, or more often 
herbs; hairs articulated. Raphides generally present. 
Stipules entire, frequently bifi d or fi mbriate 
(Spermacoceea). Corolla mostly valvate, rarely imbri-
cate or contorted. Stamens inserted at middle or near 
corolla mouth. Heterostyly very common. Placentas 
 pluriovulate or with a single (rarely two) erect ovules. 
Fruits dry (capsules, dehiscent into mericarps, opening 
with operculum, or indehiscent) or fl eshy. Exotestal 
cells often parenchymalike. – ophiorrhizeae: 
Colletoecema, Ophiorrhiza, Neurocalyx, Xantho phy-
tum, Lerchea, Coptophyllum, Spiradiclis; pauridi-
antheae: Pauridiantha, Poecilocalyx, Rhipidantha, 
Stelechantha; urophylleae: Urophyllum, Amphi-
dasya, Commitheca, Maschalocorymus, Pravinaria, 
Praravinia; lasiantheae: Lasianthus, Saldinia, 
Perama, Trichostachys, Metabolus; cruckshanks-
ieae: Cruckshanksia; coussareeae: Coussarea, 
Faramea, Oreopolus, Heterophyllaea; cocco-
cypselea: Coccocypselum, Declieuxia, Hindsia; cra-
terispermeae: Craterispermum; psycho trieae: 
Psychotria, Amaracarpus, Cephaelis, Chasallia, 
Chazaliella, Geophila, Hydnophytum, Hymenocoleus, 
Myrmecodia, Palicourea, Rudgea, Uragoga, 
Anthorrhiza, Myrmephytum, Squamellaria, Readea, 
Streblosa, Margaretopsis; morindeae: Morinda, 
Appunia, Coelospermum, Damnacanthus, Gentingia, 
Gynochthodes, Pogonolobus, Prismatometis, Renellia, 
Motleyia, Mitchella,; schradereae: Schradera, 
Lecananthus, Leucocodon; gaert nereae: Gaertnera, 
Pagamea; danaideae: Danais, Schismatoclada, 
Payera; hedyotideae: Pentas, Batopedina, Carphalea, 
Otiophora, Chaemepentas, Parapentas, Otomeria, 
Knoxia, Calanda, Pentanisia, Neo pentanisia, 
Chlorochorion, Pseudohedyotis, Tri ainolepis, 
Agathisanthemum, Amphiasma, Arcyto phyllum, 
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Conostomium, Pentodon, Dentella, Scleromitrion, 
Phylohydrax, Dibrachionostylus, Exallage, 
Gomphocalyx, Gouldia, Hedyotis, Hedythyrsus, 
Houstonia, Kohautia, Lelya, Manettia, Manostachya, 
Mitrasacmopsis, Neohymenopogon, Neanotis, Olden-
landia; spermacoceae: Spermacoce, Bouvardia, 
Diodella, Diodia, Emmeorhiza, Ernodea, Scandentia, 
Galianthe, Hemidiodia, Mitracarpus, Paratriaina, 
Pentanopsis, Placopoda, Psyl locarpus, Tobagoa, 
Richardia, Crusea, Dolichometra, Hydrophylax, 
Lucya, Nodocapaea, Schwendera, Synaptantha, 
Staelia, Thecorchis, Thyridocalyx; antho spermeae: 
Anthospermum, Co prosma, Carpacoce, Opercularia, 
Galopina, Nenax, Nertera (including Peratanthe), 
Phyllis, Durringtonia, Eleuthera nthus, Leptostigma, 
Normandia, Pomax; argostemmateae: Argostemma, 
Cyaneuron, Mouretia, Mycetia; paederieae: Paederia, 
Gaillo nia, Saprosma, Neogaillonia, Plocama, 
Aitchisonia, Putoria, Serissa, Spermadictyon, 
Choulettia, Jaubertia, Kelloggia, Leptodermis, 
Pseudogaillonia, Pseudopyxis, Pterogaillonia; 
rubieae: Rubia, Asperula, Crucia nella, Cruciata, 
Galium, Phuopsis, Sherardia, Valantia, Callipeltis, 
Relbunium, Didymaea, Mericarpaea, Microphysa, 
Warburgia.

7.2 IXOROIDEAE
Shrubs or less often trees or woody lianas. Raphides 
nearly always absent. Stipules mostly entire, rarely 
bifi d. Corolla contorted. Stylar pollen presentation 
almost general. Stamens inserted at middle of tube or 
near corolla mouth. Placentas mostly pluriovulate. 
Fruits fl eshy. Exotestal cells rarely parenchymalike, 
generally with thickenings along the walls. – con-
damineae: Alseis, Bathysa, Calycophyllum, Capirona, 
Chimarrhis, Condaminea, Dolichodelphys, Elaeagia, 
Emmenopterys, Ferdinandusa, Hippotis, 
Macrocnemum, Mastixiodendron, Parachimarrhis, 
Pentagonia, Picardaea, Pinckneya, Pogonopus, Rustia, 
Semaphyllanthe, Simira, Sommera, Tammsia, Tresan-
thera, Witt mackanthus; mussaendeae: Mussaenda, 
Neo mussaenda, Pseudomussaenda, Schizomussaenda, 
Aphaenandra, Heinsia, Landiopsis; sabiceeae: 
Sabicea, Ecpoma, Pseudosabicea, Stipularia; virec-
tarieae: Virectaria, Hekisto carpa; sipa neeae: 
Sipanea, Sipaneopsis, Limnosipanea; henriquezieae: 
Gleasonia, Henriquezia, Platy carpum, ? Monopanthera, 
Posoqueria; retini phylleae: Retiniphyllum; ixoreae: 
Ixora, Captaincookia, Doricera, Myonima, Versteegia, 

? Scyphiphora; vanguerieae: Canthium, Cuviera, 
Fadogia, Fadogiella, Hutchinsonia, Keetia, Meyna, 
Multidentia, Peponidium, Perakanthus, Psydrax, 
Pygmaeothamnus, Pyrostria, Rytigynia, Scypho-
chlamya, Vangueria, Vangueriella, Vangueriopsis; 
alberteae: Alberta, Nematostylis; coffeeae: Coffea, 
Psilanthus (including Paracoffea), Diplospora, 
Discospermum, Tricalysia, Bertiera, Sericanthe; 
octotropideae: Jovetia, Lamprothamnus, Octotropis, 
Paragenipa, Polysphaeria, Ramosmania; cre-
masporeae: Cremaspora; pavetteae: Pavetta, 
Rutidea, Tarrena, Robbrechtia, Coptosperma, 
Leptactina, Paracephaelis, Schizenterospermum, 
Dictyandra, Cladoceras, Nichallea, Pachystylus, 
Tennantia, Homollea, Homolliella, Coleactina. gar-
denieae: Aidia, Aidiopsis, Alibertia, Alleizettella, 
Amaioua, Atractocarpus, Atractogyne, Aulacocalyx, 
Benkara, Borojoa, Brachytome, Brenania, Burchellia, 
Byrsophyllum, Calochone, Casasia, Catun aregam, 
Ceriscoides, Coddia, Deccania, Didymo salpinx, 
Dioecrescis, Duperrea, Duroia, Euclinia, Fagerlindia, 
Ganguelia, Gardenia, Genipa, Adeno randia, 
Glossostipula, Heinsenia, Himalrandia, Hyper-
acanthus, Kailarsenia, Kochummenia, Kutchubaea, 
Larsenaikia, Macrosphyra, Mantalania, Massularia, 
Melanopsidium, Mitriostigma, Monosalpinx, Morelia, 
Oligocodon, Oxyanthus, Oxyceros, Pelagodendron, 
Phellocalyx, Pleiocoryne, Porterandia, Preussiodora, 
Pseudomantalania, Randia, Riodocea, Rosenber-
giodendron, Rothmannia, Rubovietnamia, Schumannio-
phyton, Sherbournia, Sphinctanthus, Stachyarrhena, 
Sukunia, Sulitia, Tamilnadia, Tarennoidea, Tocoyena, 
Trukia, Vidalasia, ? Argocoffeopsis.

7.3 CINCHONOIDEAE
Trees, shrubs, woody lianas, or sometimes epiphytic 
shrubs, very rarely herbaceous. Raphides mostly 
absent (present in Hillia and Hamelia). Stipules 
mostly entire, rarely bifi d. Corolla imbricate or  valvate, 
rarely contorted. Stamens inserted at base of tube, or 
near corolla mouth. Heterostyly frequent. Stylar pollen 
presentation rare. Placentas with numerous ovules. 
Fruits mostly capsular, sometimes fl eshy, or drupa-
ceous. Seeds numerous, often winged. Exotestal cells 
always with thickenings along tangential walls. – 
cinchoneae: Cinchona, Dolicholobium, Joosia, 
Ladenbergia, Remijia, Stilpnophyllum; isertieae: 
Isertia, Kerianthera, Raritebe, Schizostigma, 
Temnopteryx; catesbaeae: Asemnantha, Badusa, 
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Bikkia, Catesbaea, Ceratopyxis, Chiococca, Couta-
portla, Coutarea, Erithalis, Exostema, Hintonia, 
Isidorea, Morierina, Nernstia, Osa, Portlandia, 
Salzmannia, Schmidtottia, Scolosanthus, Syringantha; 
hymenodictyeae: Hymenodictyon, Paraco rynanthe; 
naucleeae: Adina, Adinauclea, Breo nadia, Breonia, 
Burttdavya, Cephalanthus, Corynanthe, Cubanola, 
Gyrostipula, Haldina, Hallea, Janotia, Ludekia, 
Metadina, Mitragyna, Myrmeconauclea, Nauclea, 
Neolamarckia, Neonauclea, Ochreinauclea, 
Pausinystalia, Pertusadina, Sarcocephalus, Sinoadina, 
Uncaria; hamelieae: Hillia, Hamelia, Cosmibuena, 
Hoffmannia, ? Balmea, Chione; rondeletieae: 
Rondeletia, Blepharidium, Roigella, Suberanthus, ? 
Acunaeanthus, Glionnetia, Habroneuron, Rogiera (pro 
parte), Stevensia; guettardeae: Arachnothryx, 
Chomelia, Gonzalagunia, Guettarda, Javorkaea, 
Timonius, ? Dichilanthe.

Uncertain Position: Acranthera, Airosperma, 
Aleisanthia, Aleisanthiopsis, Aoranthe, Aphanocarpus, 
Ariadne, Augusta, Calycosiphonia, Coryphothamnus, 
Crossopteryx, Dunnia, Greeniopsis, Jackiopsis, 
Kajewskiella, Lathraeocarpa, Leucolophus, Lindenia, 
Mitchella, Mussaendopsis, Myrioneuron, Pagameopsis, 
Petitio coden, Placocarpa, Sarcosperma, Stephanococcus, 
Trailliaedoxa, Wendlandia.

Very closely related to the Loganiaceae and even 
more to the Spigeliaceae. It is also interesting that 
Gaertnera and Pagamea, which are characterized by 
superior ovary, are sometimes transferred to the 
Loganiaceae. All the available evidence leads to the 
conclusion that the Rubiaceae share a common origin 
with the lower Rubiales from the hydrangealean 
ancestor.

8. THELIGONACEAE

Dumortier 1829. 1/3. Canary Islands, Mediterranean, 
Crimea, western Asia, southwestern China, Japan.

Theligonum
Very closely related to the Rubiaceae, especially to 

the Rubioideae (see Wunderlich 1971; Kooiman 1971; 
Cronquist 1981). Robbrecht (1993) and Thorne (1992b, 
2006) even include Theligonum in Rubiaceae-
Rubioideae. However, Theligonum is remarkable in 
having a large number of stamens arranged in bundles 
and pseudomonomerous gynoecium and 1-locular 
ovary without a trace of second locule (a unique fea-

ture of Theligonum according to Robbrecht [1993: 90]) 
as well as highly specialized and reduced anemophil-
ous fl owers, the absence of mechanical tissues and 
campylotropous ovules).

9. GENTIANACEAE

A.L. de Jussieu 1789 (including Chironiaceae 
Horaninow 1847, Coutoubeaceae Martynov 1820, 
Obolariaceae Martynov 1829, Potaliaceae C. Martius 
1827, Saccifoliaceae Maguire and Pires 1978). 
88/1600–1690. Cosmopolitan, but mainly in tempe-
rate and subtropical regions and also in tropical 
mountains.

saccifolieae: Curtia, Hockinia, Saccifolium, 
Tapeinostemon, Voyriella; exaceae: Cotylanthera, 
Exacum, Gentianothamnus, Ornichia, Sebaea, 
Tachiadenus; chironieae: Bisgoeppertia, Black-
stonia, Centaurium, Chironia, Cicendia, Eustoma, 
Exaculum,Geniostemon, Ixanthus, Orphium, Sabatia, 
Zygostigma; Canscora, Cracosna, Hoppea, Micro-
phium, Phyllocyclus, Schinziella; Coutoubea, 
Deianira, Schultesia, Symphyllophyton, Xestaea; 
helieae: Adeno lisianthus, Aripuana, Calolisianthus, 
Celiantha, Chelo nanthus, Chorisepalum, Helia, 
Irlbachia, Lagenanthus, Lehmanniella, Macrocarpaea, 
Neblin antha, Prepusa, Purdieanthus, Rogersonanthus, 
Senaea, Sipapoantha, Symbolanthus, Tachia, 
Tetrapollinia, Wurdackanthus, Zonanthus; potalieae: 
Congolanthus, Djaloniella, Enicostema, Faroa, 
Karina, Neurotheca, Oreonesion, Pycnosphaera, 
Urogentias, Lisianthus, Anthocleista, Fagraea, Potalia, 
gentianeae: Crawfurdia, Gentiana, Tripterospermum, 
Anagallidium, Bartonia, Comastoma, Frasera, 
Gentianella, Gentianopsis, Halenia, Jaeschkea, 
Lotouchea, Lomatogonium, Megacodon, Obolaria, 
Pterygocalyx, Swertia, Veratrilla; voyrieae: Voyria.

Gentianaceae are closely connected with the 
Gelsemiaceae and evidently derived from the gelsemi-
aceous stock.

10. GENIOSTOMACEAE

L. Struwe et V.A. Albert 1995. 2/75. Mascarene 
Islands, Malesia (except for the Malay Peninsula), 
Kyushu, Bonin Islands, Micronesia (Mariana Islands 
and Caroline Islands), New Guinea, Solomon Islands, 
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Australia (eastern Queensland), New Caledonia, New 
Hebrides, Fiji, Lord Howe Island, northern New 
Zealand, Polynesia (including Hawaii).

Geniostoma, Labordia
A rather isolated family that is probably related to 

the Gentianaceae.

11. APOCYNACEAE

A.L. de Jussieu 1789 (including Asclepiadaceae 
Borkhausen 1797, Cerberaceae Martynov 1820, 
Cryptostegiaceae Schlechter 1905, Cynanchaceae 
G. Meyer 1836, Ophioxylaceae Perleb 1838, Pacouri-
aceae Martynov 1820, Periplocaceae Schlechter 1905, 
Plumeriaceae Horaninow 1834, Stapeliaceae Horani-
now 1834, Vincaceae Vest 1818, Willughbeiaceae 
J.G. Agardh 1858). 432/5100. Tropical and subtropical 
regions with relatively few members in temperate areas.

Classifi cation after M.E. Endress and P.V. Bruyns 
(2000) and M.E. Endress and W.D. Stevens (2001).

11.1 RAUVOLFIOIDEAE
Anthers not adherent to style head by a reticulum of 
viscid exudates, full of pollen, rarely with spines. 
Fruits dehiscent or indehiscent, berries, drupes, folli-
cles, or capsules. Seeds naked, with wings or arils, but 
almost never with coma at one end; holmindole 
 alkaloids present or absent, n = 9 (Alyxieae), 10, 11, 
(23). – alstonieae: Alstonia, Aspidosperma, 
Geissospermum, Haplophyton, Laxoplumeria, 
Microplumeria, Strempeliopsis, Tonduzia, Vallesia; 
vinceae: Amsonia, Catharanthus, Kopsia, 
Neisosperma, Ochrosia, Petchia, Rauvolfi a, Vinca; 
wullughbeieae: Ancylobotrys, Bousigonia, 
Chamaeclitandra, Clitandra, Couma, Cyclocotyla, 
Cylindropsis, Dictyophleba, Hancornia, Lacmellea, 
Landolphia, Willughbeia, Leuconotis, Orthopichonia, 
Paucouria, Parahancornia, Saba, Vahadenia; taber-
naemontaneae: Ambelania, Bonafousia, Callichilia, 
Calocrater, Carvalhoa, Crioceras, Macoubea, Mucoa, 
Molongum, Neocouma, Rhigospira, Schizozygia, 
Spongiosperma, Stenosolen, Tabernaemontana, 
Stemmadenia, Tabernanthe, Voacanga, Woytkowskia; 
melodineae: Craspidospermum, Diplorhynchus, 
Dyera, Gonioma, Kamettia, Melodinus, Pycnobotrya, 
Stephanostegia; hunterieae: Hunteria, Picralima, 
Pleiocarpa; plumerieae: Allamanda, Anechites, 
Cerbera, Cerberiopsis, Cameraria, Thevetia, 

Himatanthus, Mortoniella, Plumeria, Skytanthus; 
Carisseae: Carissa, Acokanthera; alyxieae: 
Chilocarpus, Alyxia, Pteralyxia, Condylocarpon, 
Lepinia, Lepiniopsis, Plectaneia.

11.2 APOCYNOIDEAE
Corolla left-contorted, valvate. Anthers tetrasporan-
giate, adherent to style head by a retinaculum of 
 viscoid exudates, empty at base and with spines. 
Nectaries, if present, in ring around base of ovary. 
Seeds ecomose or comose, n = (6-) 10, 11 (12). – 
wrightieae: Nerium, Isonema, Pleioceras, 
Stephanostema, Strophanthus, Wrightia, Adenium; 
malouetieae: Mascarenhasia, Funtumia Kibatalia, 
Holarrhena, Malouetia, Malouetiella, Alafi a, 
Allowoodsonia, Carruthersia, Farquharia, 
Pachypodium, Spirolobium; apocyneae: Beaumontia, 
Aganonerion, Anodendron, Urceola, Ecdysanthera, 
Odontadenia, Baissea, Apocynum, Trachomitum, 
Aganosma, Baharuia, Chonemorpha, Epigynum, 
Forsteronia, Ichnocarpus, Vallaris, Vallariopsis, 
Trachelospermum, Cleghornia, Dewevrella, Elytropus, 
Epigynum, Eucorymbia, Ixodonerium, Montandra, 
Oncinotis, Papuechites, Parameria, Parepigynum, 
Sindechites, Baissea; mesechiteae: Allomark grafi a, 
Galactophora, Mandevilla, Secondatia, Macro-
siphonia, Mesechites, Tintinnabularia, Quiotania, 
Telosiphonia; echiteae: Prestonia, Echites, 
Laubertia, Cycladenia, Parsonsia, Pottsia, Pentalinon, 
Thenardia, Angadenia, Temnadenia, Rhabdadenia, 
Stipecoma, Amalocalyx, Neobracea, Macropharynx, 
Salpinctes, Asketanthera, Fernaldia, Peltastes, Artia, 
Ecua, Hylaea.

11.3 PERIPLOCOIDEAE
Corolla valvate, tube formation intermediate. Filaments 
free from each other. Anthers tetrasporangiate. Two 
pollinia (consisting of loosely coherent tetrads) in each 
locule, transferred by spoon-shaped translator ending 
in a sticky disc, n = 11 (mostly). – Cryptostegia, 
Telectadium, Pentopetia, Stomatostemma, Ectadium, 
Maclaudia, Omphalogonus, Cryptolepis (including 
Mangenotia), Schlechterella, Gymnanthera, Strepto-
caulon, Hemidesmus, Decalepis (including Utleria), 
Epistemma, Finlaysonia (including Atherolepis, 
Stelmacrypton, Gongylosperma, Hanghomia, Mela-
derma), Sarcorhiza, Phyllanthera (including 
Streptomanes, Pentanura), Baroniella, Sacleuxia, 
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Batesanthus, Baseonema, Rhaphionacme, Campto-
carpus, Mondia, Myriopteron, Periploca, Tacazze 
(including Zacateza), Petopentia, Atherandra, 
Ischnolepis (Peptopentia), Buckollia, Zygostelma.

11.4 SECAMONOIDEAE
Corolla left-contorted. Filaments connate. Anthers 
 tetrasporangiate. Two very small pollinia in apical part 
of each locule, transferred by translator with arm that 
has two clefts. – Secamone, Secamonopsis, Toxocarpus, 
Goniostemma, Pervillea, Trichosandra, Rhynchostigma, 
Calyptranthera, Genianthus.

11.5 ASCLEPIADOIDEAE
Filaments connate. Anthers bisporangiate, with one 
solid pollinium in each locule (pollen in tetrads – 
Fockeae), transferred by translator, orbicules present 
or (Riocreuxia) absent, granular layer of exine thin; 
n = 9–14. – fockeeae: Fockea: marsdenieae: 
Gymnema, Dischidia, Hoya, Marsdenia, Sarcolobus, 
Cosmostigma, Asterostemma, Rhyssolobium, Gongro-
nema, Cathetostemma, Pseusmagennetus, Pycnorha-
chis, Lygisma, Treutlera, Absolmsia, Anisopus, 
Telosma, Anatropanthus, Micholitzia, Campestigma, 
Spirella, Stigmatorhynchus, Clemensiella, Oreosparte, 
Heynella, Cibirhiza, Gunnessia, Madangia; CERO-
PEGIEAE: Leptadenia, Brachystelma, Ceropegia, 
Macropetalum, Hoodia, Piaranthus, Caralluma, 
Stapella, Huernia, Duvalia, Orbea, Anisotoma, 
Conomitra, Orthanthera, Pectinaria, Pentasachme, 
Riocreuxia, Sisyranthus, Heterostemma, Desmidorchis, 
Frerea, Tridentea, Tromotriche, Tenaris, Tavaresia, 
Quaqua, Echidnopsis, Edithcolea, Emplectanthus, 
Dittoceras, Neoschumannia, Stapeli opsis, Stape-
lianthus, Whitesloanea, Rhytidocaulon, Pseudolithos, 
Duvaliandra, Lavrania, Ophionella, Notechidnopsis; 
asclepiadeae: Tylophora, Ade lostemma, Matelea, 
Oxystelma, Sarcostemma, Cynanchum, Vincetoxicum, 
Vincetoxicopsis, Calotropis, Lachnostoma, Macro-
scepis, Metastelma, Microloma, Gonolobus, Ditassa, 
Macroditassa, Pergularia, Schubertia, Funastrum, 
Asclepias, Gomphocarpus, Kanahia, Morrenia, Penta-
stelma, Merrillanthus, Biondia, Pentatropis, Seutera, 
Ampelamus, Calostigma, Cyathella, Cordylogyne, 
Glossonema, Pachyglossum, Schizostemma, Tweedia, 
Urostelma, Odontanthera, Pentarrhinum, Pachycarpus, 
Metaplexis, Pherotrichis, Solenostemma, Tassadia, 
Turrigera, Nematostemma, Raphistemma, Philibertia, 
Schizoglossum, Schisto gyne, Trichosacme, Aspido-
glossum, Holostemma, Graphistemma, Xysmalobium, 

Oxypetalum, Diplolepis, Oncinema, Stenomeria, 
Eustegia, Astephanus, Acrocoryne, Blyttia, Dictyanthus, 
Diploglossum, Fischeria, Araujia, Parapodium, 
Nautonia, Pycnostelma, Rhyssostelma, Orthosia, Mito-
stigma, Peplonia, Melinia, Hemipogon, Ibatia, 
Barjonia, Blepharodon, Polystemma, Nematuris, Rhyn-
charrhena, Nephradenia, Amblistigma, Sphaerocodon, 
Fanninia, Lugonia, Margaretta, Metalepis, Calatho-
stelma, Lagoa, Glossostelma, Husnotia, Telminostelma, 
Cyathostelma, Lorostelma, Stelmation, Sattadia, 
Bustelma, Kerbera, Lagenia, Anomotassa, Dactylo-
stelma, Hypolobus, Jobinia, Odontostelma, Petalo-
stelma, Diplostigma, Grisebachiella, Pentabothra, 
Podandra, Pleurostelma, Stelmagonum, Platykeleba, 
Scyphostelma, Steleostemma, Stenostelma, Prosthe-
cidiscus, Stathmostelma, Woodia, Vailia, Widgrenia, 
Tetraphysa, Trachycalymma, Meresaldia, Karimbolea, 
Schistonema, Stelmatocodon, Labidostelma, Mahawoa, 
Rajasia, Stuckertia, Rojasia, Miraglossum, Seshagiria, 
Emicocarpus, Folotsia, Gonioanthela, Amblyopetalum, 
Dicarpophora, Corollonema, Hickenia, Goydera, 
Aidomene, Aspidonepsis, Stephanotis.

Here I follow Hallier (1905, 1912), Stebbins (1974), 
Thorne (1983, 1992a, b, 2000, 2006), Endress and 
Bruyns (2000), and Endress and Stevins (2001) in 
combining Apocynaceae and Asclepiadaceae into one 
family. They are connected by a series of transitional 
forms, and as Cronquist (1981: 861) states, “There is a 
fairly straight-line evolutionary series in fl oral mor-
phology within the Apocynaceae and Asclepiadaceae 
collectively, from the Plumerioideae to the 
Apocynoideae to the Periplocoideae to the Secamoneae 
and thence to the other tribes of the Asclepiadoideae.”

Closely related to the Strychnaceae, Gentianaceae 
and Geniostomaceae clade (see Struwe et al. 1995). 
Some genera, such as Tabernaemontana, are quite 
similar in their wood anatomy to the genus Neuburgia 
(Mennega 1980). It is interesting that the fruit mor-
phology of Neuburgia also resembles that of some 
apocynaceous genera, such as Cerbera, Ochrosia, and 
Rauvolfi a (Bisset et al. 1980). Formerly Neuburgia 
was even included in Apocynaceae.
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Order 121. SOLANALES

Herbs (erect or climbing), shrubs, or trees, sometimes 
parasitic. Indumentum of diverse types of trichomes, 
often stellate or otherwise branched. Intraxylar phloem 
usually present in stem and petioles. Vessels with sim-
ple perforations. Fibers mostly with simple pores. 
Rays heterogeneous to homogeneous. Axial paren-
chyma apotracheal or less often scanty paratracheal. 
Sieve-element plastids of S-type. Nodes unilacunar. 
Leaves alternate, or rarely opposite, simple or some-
times compound, sometimes succulent, rarely scale-
like, estipulate. Stomata of diverse types. Flowers in 
various types of infl orescences (cymose or derived 
from the cymose type) or solitary and axillary, usually 
bisexual, commonly 5-merous, actinomorphic to more 
or less zygomorphic. Calyx synsepalous, usually 
5-lobed, persistent. Corolla sympetalous, usually 

5-lobed, lobes mostly plicate in bud, contorted, imbri-
cate, or valvate. Stamens usually fi ve, attached to the 
corolla tube and alternate with its lobes, but in 
Solanaceae-Salpiglossideae one or even three of them 
transformed into staminodia; anthers usually introrse, 
tetrasporangiate, opening longitudinally or by apical 
pores. Tapetum secretory. Microsporogenesis simulta-
neous. Pollen grains 2-celled or sometimes 3-celled, 
3-colporate, 6-polycolpate or pantoporate. Well-
developed intrastaminal nectary disc usually present. 
Gynoecium usually of two, sometimes fi ve, rarely 
three united carpels; style usually terminal or some-
times gynobasic, with usually 2-lobed or sometimes 
peltate stigma; ovary superior, (1)2(3–5)-locular, with 
one or more often several or numerous ovules in each 
locule or on each placenta. Ovules anatropous, 
 hemitropous, campylotropous, or amphitropous, uni-
tegmic, commonly tenuinucellate, usually with 
endothelium. Female gametophyte of Polygonum- or 
Allium-types. Endosperm cellular, sometimes nuclear, 
or helobial. Fruits of diverse types, mostly baccate or 
septicidal capsules. Seeds exotestal, with straight or 
curved or sometimes spiral embryo and usually copi-
ous endosperm. Commonly producing various kinds 
of alkaloids, fl avonol and fl avone glycosides, cou-
marins, acylated anthocyanins, and caffeic acid; iridoid 
compound absent, n = 7–15.

Derived from the Rubiales, probably from the lower 
Rubiales. The origin from the Rubiales is confi rmed by 
both the fl ower and seed structure as well as by the 
presence of intraxylary phloem.

Key to Families
1 Tall tree.

2 Secretory cavities present. Fibers with numerous 
small bordered pits. Rays closely spaced, hetero-
geneous, mostly uniseriate. Axial parenchyma 
occasionally diffuse, but most commonly in apo-
tracheal sheaths 1–3 cells wide or in vasicentric 
sheaths 1–3 cells wide. Internal phloem present. 
Leaves alternate, simple, entire. Flowers in few-
fl owered terminal or subterminal cymes, bisex-
ual, actinomorphic, 5-merous except for the 
gynoecium. Calyx imbricate, persistent, tubular, 
with terminal teeth. Corolla funnelform, with 
long tube and short, very imbricate lobes, green-
ish-white. Stamens fi ve, alternating with the 
corolla members; fi laments attached to lower 
part of corolla tube; anthers exserted, oblong, 
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introrse, basally deeply sagittate, with a thick 
connective, opening longitudinally. Pollen grains 
with striate exine (Hunziker 2001). Well-
developed intrastaminal nectary disc present 
around the base of ovary. Gynoecium of two car-
pels, more or less immersed in disc; style termi-
nal, elongate, with dilated, shortly 2-lobed 
stigma; ovary 2-locular, but only one locule fer-
tile; ovule solitary, anatropous. Fruits large shin-
ing bright orange drupes; endocarp surrounded 
by a though persistent fi brous mesocarp; 2-locu-
lar, with more or less straight sterile locule 
and U-shaped fertile; seed U-shaped, with curved 
(U-shaped) embryo, cotyledons small; endosperm 
scanty, oily.  . . . . . . . . . 4. duckeodendraceae.

2 Secretory cavities absent. Stems without internal 
phloem. Leaves alternate, leathery, simple, entire. 
Stomata paracytic. Flowers solitary, axillary, bi- 
bracteolate, 5-merous. Floral receptacle develop-
ing a short and thick gynophore. Hypogynous disc 
absent. Flowers solitary, axillary, zygomorphic. 
Sepals persistent, much imbricate, petals con-
torted and unilaterally induplicate, campanulate, 
with short lobes. unequal but not bilabiate, 
densely adpressed-ferrugineous-pubescent exter-
nally. Stamens fi ve, inserted near the base of the 
corolla tube; anthers long exserted, basifi xed. 
Gynoecium of two carpels; style one, defl exed 
in bud, apical; stigmas small, truncate; ovary 
2-locular, stipitate. Ovules 30–50 per locule, 
anatropous. Placentation axile. Fruit baccate, 
crustaceous, 1–4-seeded. Endosperm copious.
  . . . . . . . . . . . . . . . . . . . . . . . 9. humbertiaceae.

1 Herbs, shrubs, vines, rarely small trees.
3 Stems with internal phloem.

4 Articulated latex canals or latex cells absent.
5 Seeds with endosperm.

6 Leaves alternate or alternate to opposite.
7 Fruits mostly berries or capsules. Trees, 

shrubs, perennial to annual herbs, and 
lianas, prickly or not.
8 One sepal lies in the upper median 

plane of the fl owers. Small trees, 
shrubs, perennial to annual herbs, 
and lianas, often prickly, resinous, or 
not resinous. Trichomes simple, 
glandular, stellate, echinoid or 
 peltate. Cork superfi cial or deep-
seated, or pericycle. Plants with or 

without crystal sand. Nodes with 2–3 
traces. Leaves alternate or alternate 
to opposite (usually alternate below, 
but often becoming opposite towards 
the infl orescence), sometimes leath-
ery or modifi ed into spines, entire, 
simple to pinnately  compound or 
3-foliolate, rarely gland-dotted 
(e.g. Anthocercis). Stomata anomo-
cytic or anisocytic. Flowers in termi-
nal or axillary infl orescences, or 
 solitary, occasionally leaf-opposite, 
small, to medium sized, usually acti-
nomorphic, mostly bisexual, rarely 
unisexual (monoecious or rarely 
dioecious, e.g. sometimes in Solanum 
and Symonanthus). Calyx 5-lobed or 
-parted, sometimes 4- or 6–7-lobed, 
often enlarging in fruit. Corolla 
rotated to tubular, with (4-)5(-7) pli-
cate and sometimes also contorted or 
rarely merely contorted, imbricate or 
valvate lobes, actinomorphic to (some 
Salpiglossis) distinctly zygomorphic. 
Androecium exclusively of fertile sta-
mens or rarely including staminodia 
(Salpiglossideae). Stamens usually 
fi ve, rarely four or even (Schizanthus) 
only two fertile; inserted near the base 
of the corolla tube, or midway down 
the corolla tube, or in the throat of the 
corolla tube; anthers dorsifi xed or 
basifi xed, extrorse (e.g. Anthocercis) 
or introrse, opening longitudinally or 
by apical pores or short slits. Pollen 
grains 2-celled, (2)3–5(6)-colpate or 
colporate, or colporoidate, or rugate, 
sometimes inaperturate, rarely (spe-
cies of Salpiglossis, Bouchetia, 
Nierembergia, Reyesia) in tetrads. 
Gynoecium mostly of two carpels 
generally oriented obliquely to the 
median plane of the fl ower or rarely 
three carpels; style terminal, with 
mostly 2-lobed stigma; ovary 2-locu-
lar [but sometimes complicated by 
secondary divisions; locules second-
arily divided by ‘false septa’ (Datureae 
and Nicandreae), or without ‘false 
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septa’], or 1-locular apically (as in 
Capsicum). Ovules (1-) more or less 
numerous on often thickened placen-
tas, anatropous or hemianatropous. 
Endosperm haustoria usually present. 
Fruits capsules (commonly septicidal, 
or loculicidal, or valvular, or circum-
scissile – Hyoscyamus), of berries, or 
drupes. Seeds with straight or curved 
embryo, two semi-cylindric cotyle-
dons, and mostly oily or proteina-
ceous, rarely starchy endosperm, is 
some Datura species seeds with 
elaiosomes. Containing alkaloids, 
arthroquinones, ursolic acid; fl a-
vonols (kaempferol and quercetin) 
and saponins present or absent, 
n = 7–12 +.. . . . . . . . 1. solanaceae.

8 The upper median plane passes 
more or less between two adaxial 
sepals. Annual to perennial herbs, 
or shrubs to 2 m tall (Hydrolea 
spinosa). Leaves alternate, entire. 
Flowers in short terminal raceme of 
cymes, 5-merous. Calyx basally 
connate. Anthers versatile, bas-
ifi xed. Nectary disc annular, fi ve-
humped. Gynoecium of 2–4 carpels; 
styles 3–5,  glandular-pubescent; 
stigma slightly tunneliform or capi-
tate; ovary 2(-3)-locular, ovules 
numerous (200–300), on thickened, 
axile placentae. Endosperm cellular, 
with branching micropylar and cha-
lazal haustoria. Fruits globose or 
ovoid, septicidal or irregularly 
4-valved. Seeds longitudinally 
ridged and ruminate, exotestal cells 
thin-walled, endotestal cells tannin-
iferous, with a cuticle; n = (9)10 
(12).  . . . . . . . . .6. hydroleaceae.

7 Fruits schizocarps. Herbs or shrublets, 
sometimes diffuse or prostrate, com-
monly more or less succulent. Plants 
with “crystal sand”. Leaves alternate 
to opposite (alternate below, those 
towards the infl orescence sometimes 
in alternate pairs of unequal members 
towards the same side of the stem), 

sessile or petiolate, simple, entire, fl at or 
terrete, leathery or fl eshy, sometimes 
small and ericoid. Stomata anisocytic. 
Flowers axillary, subsessile or pedicel-
late, solitary, actinomorphic or some-
what zygomorphic, 5-merous. Calyx 
tubular-campanulate, lobes imbricate, 
rarely valvate, persistent. Corolla acti-
nomorphic to obscurely bilabiate, pli-
cate (between the lobes). Stamens 
inserted low in the corolla tube, unequal, 
three longer than the other two; anthers 
ovoid or oblong, introrse. Pollen grains 
2-celled. Gynoecium of (3-)5 carpels; 
the carpels of Alona are united to form a 
conventional 5-locular ovary and style 
terminal; in Nolana style gynobasic, 
with peltate or capitate stigma; ovary 
superior, divided into mericarps or 
5-locular. Locules consist of 3–30 
locelli, each locules divided horizontally 
into one-ovulate locelli, or not horizon-
tally divided (Watson and Dallwitz 
1992), with 1–7 ascending or appendic-
ulate, hemianatropous ovules in each, 
uniseriate or in superimposed series. 
Fruits separating into small 1–7-seeded 
5–25 mericarps provided with germina-
tion plugs formed by the funicule, meri-
carps fi ve, or 10–30 (in 1–3 series). 
Seeds with curved or spiral embryo, two 
cotyledons, and copious, oily endosperm. 
Contain fl avonols (kaempferol and quer-
cetin), n = 12. . . . . . . . 2. nolanaceae.

6 Leaves opposite, more or less entire, thick 
and fl eshy, usually asymmetrical. Stomata 
diacytic. Plants with “crystal sand”. 
Flowers solitary, sessile, in the axils. 
Calyx asymmetrical, spinescent, 
unequally 5-lobed, with short tube, per-
sistent. Corolla slightly zygomorphic, 
conduplicate-contorted. Stamens fi ve, 
attached at different levels to the corolla 
tube; anthers opening longitudinally. 
Pollen grains 3-colporate, reticulate, colpi 
with granulate membrane, tectum thick 
and perforate, columellae well defi ned 
and some of them bifurcate. Gynoecium 
of two carpels; style  terminal, with simple 
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papillate stigma; ovary 2-locular, inferior, 
with the septum oblique in relation to the 
median plane of the fl ower. Ovules 2–3, 
apotropous, pendulous from the upper 
part of the locules. Fruits dry, indehiscent, 
2-locular, usually 2-seeded, with thin 
membranous pericarp, usually concres-
cent with the stem. Seeds with endosperm 
and straight or more or less curved 
embryo, n = 12. 3. sclerophylacaceae.

5 Seeds without endosperm. Shrubs or small 
trees with many branches. Young parts and 
fl owers often densely ferrugineo-veluti-
nous. Fibers with bordered pits. Rays 1–3 
cells wide, composed primarily of procum-
bent cells with upright cells only at the tips 
of multiseriate rays and in uniseriate rays. 
Axial parenchyma diffuse plus diffuse-in-
aggregate plus narrow bands. Leaves alter-
nate, leathery, simple, entire, coriaceous, 
closely parallel-ascending, striate-veined, 
 midrib sometimes fusiform-thickened. 
Stomata anomocytic. Flowers solitary and 
extra-axillary or in few-fl owered, axillary 
racemes or fascicles, bisexual, actinomor-
phic or zygomorphic, 4–6-merous. Sepals 
connate or rarely almost free, valvate, per-
sistent. Corolla infundibulate or campanu-
late, 4–6-lobed, lobes mostly short, equal or 
unequal, valvate. Stamens 4–6, epipetalous; 
fi laments long-exserted, equal or unequal; 
anthers exserted, versatile, sagittate, dorsi-
fi xed near base. Pollen grains 3-colporate, 
with thick perforate tectum and prominent 
columellae, echinate. Nectary disc usually 
large, fl eshy, lobed. Gynoecium of 1–2 car-
pels; style terminal, long, with 2-lobed or 
capitate stigma; ovary 1–2-locular, with 
two ovules per locule. Fruits baccate 
(drupoid?), fl eshy, or chartaceous, 
1–2-seeded. Seeds with plicate testa; 
embryo straight, well differentiated and 
large, cotyledons two or sometimes four. 
The berry of Espadaea edible, with the fl a-
vour of apricot. . . . . . . . . 5. goetzeaceae.

4 Articulated latex canals or latex cells usually 
present, either scattered or in vertical rows, are 
fairly widespread in both leaf and stem. 
Autotrophic plants: herbs, shrubs, or lianas, 

rarely small trees, usually with twining stems, 
occasionally prostrate or creeping or erect, 
sometimes succulent; some thorny xerophytes, 
some with tuberous roots or stems, others rhi-
zomatous. Convolvulus, Ipomoea, Rivea twin-
ing anticlockwise. Hairs both glandular and 
eglandular. Stem with intra xylary phloem. 
Leaves alternate, usually petiolate, simple, cor-
date, hastate, or sagittate, entire to variously 
divided, sometimes with extrafl oral nectaries. 
Stomata usually paracytic. Flowers in terminale 
cymes or solitary, bracteate, often bracteolate, 
bisexual (except Hildebrandtia – plants dioe-
cious), actinomorphic, 5-merous. Hypogynous 
disc present. Sepals imbricate, persistent; 
Corolla valvate and plicate, or contorted and 
plicate, tubular or campanulate, or urceolate, 
without scale staminodia. Stamens fi ve, inserted 
near the base of the corolla tube, or midway 
down the corolla tube. Pollen grains 2-, or 
3-celled, 3-colpate to  pantoporate. Intrastaminal 
nectary disc usually  present, annular or copular. 
Gynoecium of 2–5 carpels. Sty1es one or two, 
without an indusium, often fi liform, simple or 
forked, rarely very short or absent, stigma entire 
or 2-lobed, rarely 3-lobed or stigmas 2–4, of 
various shapes, globular or ellipsoid to fi liform, 
sometimes aplanate, rarely peltate, reniform, 
conical, or funnel-shaped. Ovules anatropous, 
with the micropyle directed downward and out-
ward, unitegmic, with a massive integument, 
tenuninucellate or sometimes crassinu cellate. 
Placentation basal. Fruits usually loculicidal 
capsules, sometimes circumscissile or irregu-
larly dehiscing, rarely baccate or nutlike. Seeds 
conspicuously hairy, or not; embryo large, 
green, straight or curved, with folded emargin-
ate or bifi d cotyledons, embedded in a hard, 
often cartilaginous endosperm. Often produc-
ing alkaloids of the indole and other groups, 
sometimes fl avonols (kaempferol and 
 quercetin), n = 7, 14, 15. 7. convolvulaceae.

3 Stems without internal phloem. Herbaceous root-
less (the normal root system is short-lived) para-
sites with slender, often fi liform, twining, yellow, 
or reddish stem, attaching on aerial parts of the 
host by haustoria. Hairs when present mostly uni-
cellular or bicellular, not glandular. Intraxylary 
phloem absent. Leaves alternate, reduced to 
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minute scales. Stem without intra xylary phloem. 
Flowers small, 3–5-merous. Calyx imbricate. 
Corolla valvate, with crenulate or fi mbriate scale-
like fi ve staminodia inside. Stamens fi ve, inserted 
in the throat of the corolla tube. Pollen grains 
3-celled, 3–6-aperturate, colpate. Nectary disc 
commonly present around the base of the ovary. 
Gynoecium of two carpels. Stylodia two, free or 
united into a simple style, stigmas globose, sub-
globose, or elongated. Ovary 2-locular; ovules 
two per locule, ascending, tenuinucellate, uniteg-
mic, with a massive integument. Fruits capsules, 
opening circumscissilely, irregularly, or indehis-
cent and somewhat fl eshy. Embryo slender, fi li-
form, green, nearly or quite acotyledonous, but 
sometimes with an enlargement at one end, periph-
eral and strongly curved or spirally wound around 
the starchy, oily endosperm. Present proanthocya-
nidins, fl avonols (kaempferol and quercetin), n 
mostly = 7, sometimes 15. . . . . .8. cuscutaceae.

1. SOLANACEAE

A.L. de Jussieu 1789 (including Atropaceae Martynov 
1820, Cestraceae Schlechtendal 1833, Daturaceae 
Rafi nesque 1828, Hyoscyamaceae Vest 1818, 
Lyciaceae Rafi nesque 1840, Nicotianaceae Martynov 
1820, Salpiglossidaceae Hutchinson 1969). 92/2300. 
Subcosmopolitan, but especially diversifi ed in South 
America.

Classifi cation based on Hunziker (2001).

1.1 BROWALLIOIDEAE (CESTROIDEAE)
Cork superfi cial or deep-seated; bordered pits present; 
pericyclic fi bers present. Corolla often zygomorphic. 
Stamens inserted high in the corolla tube. Fruits usu-
ally capsular. Seeds prismatic to subglobose, with 
straight or slightly curved embryo. Alkaloids mostly 
pyridinic and tropane types, also steroidal, quinolinic 
and  phenilethylaminic types (Hunziker 2001), n = 
7–14, rarely 12. – cestreae: Cestrum, Vestia, Sessea 
(including Sesseopsis); metternichieae: 
Metternichia; latueae: Latua; nicotianeae: 
Nicotiana, Petunia (including Calibrachoa), Fabiana, 
Nierembergia, Bouchetia, Leptoglossis, Hunzikeria, 
Plowmania; benthamielleae: Benthamiella, 
Pantacantha, Combera; francisceae: Brunfelsia; 
brow allieae: Browallia, Streptosolen; schwenc-

kieae: Schwenckia, Melananthus, Protoschwenckia, 
Heteranthia.

1.2 JUANULLOIDEAE
Corolla actinomorphic or zygomorphic. Stigma usu-
ally saddle-shaped. Fruits generally baccate, multi-
seeded. Seeds reniform, boomerang-shaped, 
endosperm scanty, n = 12. – Juanulloa, Dyssochroma, 
Ec tozoma, Hawkesiophyton, Markea, Merinthopodium, 
Rahowardiana, Schultesianthus, Trianaea.

1.3 SOLANOIDEAE
Corolla actinomorphic, aestivation varied: imbricate, 
vavate, contorted. Stamens fi ve, inserted low in the 
corolla tube. Stigma small, unmodifi ed. Fruits usually 
baccate. Seeds fl attened, discoid, with coiled embryo, 
endosperm usually abundant, n = 10, 12, 14, 17. – nica-
ndreae: Nicandra; mandragoreae: Mandragora; 
datureae: Datura, Brugmansia; lycieae: Lyceum, 
Phrodus, Grabowskia; solaneae: Witheringia, 
Brachistus, Cuatresia, Deprea, Discopodium, Exode-
conus, Jaltomata, Nothocestrum, Physalis (including 
Margaranthus), Tzeltalia, Quincula, Leucophisalis 
(Physaliastrum), Chamaesaracha, Oryctes, Tubo-
capsicum, Capsicum, Aureliana, Athenaea, Darcya-
nthus, Larnax, Withania (including Mellisia, 
Archiphysalis), Solanum, Cyphomandra, Lycopersicon, 
Lycianthes, Triguera, Normania; iochrominae: 
Iochroma, Saracha, Acnistus, Eriolarynx, Vassobia, 
Dunalia; atropeae: Atropa (including Pauia); 
jaboroseae: Jaborosa, Salpichroa, Nectouxia; solan-
dreae: Solandra; Hyoscyameae: Hyoscyamus, 
Anisodus, Atropanthe, Physochlaina, Przewalskia, 
Scopolia.

1.4 SALPIGLOSSOIDEAE
Corolla actinomorphic or zygomorphic, imbricate. 
Pollen grains in monads or in tetrads. Capsules 
 septicide-loculicidal, with two or four valves, many 
seeded (up to 300 in Salpiglossis, or 2–25 in Reyesia). 
Endosperm cellular. Present pyridinic alkaloids, 
n = 11. – Salpiglossis, Reyesia.

1.5 SCHIZANTHOIDEAE
Cork pericycle; pericycle fi bers absent. Flowers zygo-
morphic, stalk curved and the two really upper petals 
form the lower lip which is 3–4-lobed, and the lowest 
petal forms the simple or slightly 2-lobed upper lip. 
Stamens four: two fertile and two staminodial; 
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endosperm nuclear; embryo curved. Present unique 
tropane alkaloids with senecioic, mesaconic and 
itaconic acids, n = 10. – Schizanthus.

1.6 ANTHOCERCIDOIDEAE
Woody shrubs or trees. Flowers with non-accrescent 
calyx, infl exo-valvate aestivation of the corolla lobes, 
a short relatively broad actinomorphic corolla tube, 
extrorsely dehiscing stamens inserted low in the 
corolla tube, and an oblong to ellipsoid, slightly curved 
seed with reticulate testa, embryo slightly curved. 
Fruits capsules or rarely (Duboisia) berries. Endosperm 
copious, sometimes including a small oily sector 
(Hunziker 2001) Produce nicotinic and tropane alka-
loids, n = 9, 10. – Anthocercis, Anthotroche, 
Cyphanthera, Crenidium, Duboisia, Gramnosolen, 
Symonanthus.

2. NOLANACEAE

Dumortier 1829. 1–2/60. According to Mesa (1981) 
Nolana comprises 18 species of which 15 are in tropi-
cal America, other modern authors have suggested that 
there may be as many as 83 American species: Southern 
Peru, northern Chile, Galspogos Is.

Nolana (? including Alona)

3. SCLEROPHYLACACEAE

Miers 1848. 1/15. Argentina, Paraguay, Uruguay.
Sclerophylax
Close to Solanaceae.

4. DUCKEODENDRACEAE

Kuhlmann 1950. 1/1. Amazon Basin in Brazil.
Duckeodendron
Related to the Solanaceae (see Kuhlmann 1950; 

Carlquist 1988).

5. GOETZEACEAE

Miers ex Airy Shaw 1965. 4/5. Greater Antilles (Cuba, 
Hispaniola, Puerto Rico).

Coeloneurum, Goetzea, Henoonia, Espadaea

Close to the Solanaceae (Radlkofer 1888; Hunziker 
1979; Carlquist 1988; Zona 1989), but differ from 
them markedly in many respects, including pollen 
morphology (see Gentry 1986).

6. HYDROLEACEAE

Berchtold et J. Presl 1820. 1/12. Tropical.
Hydrolea
Related to the Solanaceae (APG II 2003; Erbar et al. 

2005).

7. CONVOLVULACEAE

A.L. de Jussieu 1789 (including Cressaceae Rafi nesque 
1821, Dichondraceae Dumortier 1829, Erycibaceae 
Endlicher ex Meisner 1840, Poranaceae J.G. Agardh 
1858). 56/1700. Cosmopolitan, but mainly in subtropi-
cal regions of Asia and America.

ipomoeeae: Argyreia, Astripomoea, Blinkworthia, 
Ipomoea (including Pentacrostigma), Lepistemon, 
Lepistemonopsis, Paralepistemon, Stictocardia, Rivea, 
Turbina, merremieae: Merremia, Hewittia, 
Hyalocystis, Decalobanthus, Xenostegia, Remirema, 
Operculina; convolvuleae: Convolvulus,  Calyste gia, 
Polymeria; aniseieae: Aniseia, Hewettia, Iseia, 
Odonellia, Tetralocularia; jacquemontieae: 
Jacquemontia; cresseae: Cressa, Bonamia, 
Cladostigma, Evolvulus, Seddera, Hildebrandtia, 
Sabaudiella, Stylisma, Itzaea, Neuropeltis, 
Neuropeltopsis; wilsonieae: Wilsonia; maripeae: 
Dicranostyles, Maripa, Lysiostyles, dichondreae: 
Dichondra, Falkia, Nephrophyllum, Petrogenia, 
Porana, Metaporana, Calycobolus, Dipteropeltis, 
Rapona; erycibeae: Erycibe; cardiochamyeae: 
Cordisepalum, Poranopsis, Cardiochlamys, 
Tridynamia, Dinetus.

8. CUSCUTACEAE

Berchtold and J. Presl. 1820. 1/170. Nearly cosmo-
politan, but best represented in America, especially in 
warmer regions.

Cuscuta
Very close to the Convolvulaceae, but differing from 

them markedly in parasitic habit, corolla morphology, 
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seeds with more copious endosperm, the absence of 
intraxylary phloem, and embryological  features (Tiagi 
1951; Johri and Tiagi 1952).

9. HUMBERTIACEAE

Pichon 1947. 1/1. Madagascar
Humbertia
Closely related to the Convolvulaceae.
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Order 122. BORAGINALES

Herbs, shrubs, or less often trees, sometimes lianas, 
rarely herbaceous parasites. Stems and leaves of the 
herbaceous forms and less frequent in the woody gen-
era provided with characteristic harsh unicellular hairs 
that usually have a basal cystolith and often calcifi ed 
or silicifi ed walls; less often also with gland-tipped 
hairs or (Lennoaceae) provided only with stalked, 
glandular hairs. Vessels with simple or very rarely 
reticulate perforations; lateral pitting alternate. Fibers 
with bordered or more often simple pits, often septate. 
Rays heterogeneous to homogeneous. Axial paren-
chyma of various types, but mostly apotracheal. 
Vestured pits present or absent. Sieve-element plastids 
of S-type. Nodes unilacunar, very rarely (Cordia) trila-
cunar with three traces. Leaves alternate or sometimes 
partly or wholly opposite, simple, usually entire, some-
times lobed, pinnatisect or pinnate, rarely palmate, 
estipulate. Stomata usually anomocytic. Flowers in 
scorpioid cymose infl orescences (Buys and Hilger 
2003), rarely solitary, mostly bisexual, actinomorphic 
or slightly zygomorphic, perianth and androecium 
usually 5-merous. Sepals more or less connate, imbri-
cate or rarely valvate. Corolla sympetalous, imbricate 
or contorted, rarely valvate. Stamens as many as and 
alternate with the corolla lobes, attached to the tube; 
anthers tetrasporangiate, introrse, or rarely 
(Hoplestigma) latrorse, opening longitudinally. Pollen 
grains (2)3-celled, 3-colpate, 3-colporate, 6-colpate, 
pericolpate, pericolporate or 3-porate. Nectary disc 
present around the base of the ovary or wanting. 
Gynoecium of two median carpels, rarely of 4–5 (in 
Zoelleria, Boraginaceae), 6–14 (Lennoaceae) carpels; 
stylodia usually more or less united into terminal or 
gynobasic style; ovary superior or rarely semi-inferior 
(as in Nama, Hydrophyllaceae), with two to many 
ovules on each placenta or in each locule. Ovules ana-
tropous, rarely hemitropous (some Boraginaceae) or 
campylotropous (Lennoaceae), unitegmic, tenuinucel-
late or rarely (Ehretioideae) pseudocrassinucellate 
(crassinucellate according to Gottschling 2004), 
 sometimes with endothelium (Hydrophyllaceae, 
Heliotropium in Boraginaceae). Female gametophyte 
usually of Polygonum-type, rarely (some Boraginaceae) 
of Allium-type. Endosperm cellular or less often 
( species of Phacelia in Hydrophyllaceae and some 
Boraginoideae) nuclear, rarely (species of Echium and 

Pulmonaria) helobial. Often micropylar and/or chala-
zal haustoria present. Fruits of various types. Seeds 
exotestal, with straight or nearly straight embryo and 
copious (many Hydrophyllaceae) or scanty endosperm 
or often (most of Boraginaceae) without endosperm; in 
seed coat, funicule and placenta of most member or 
the order (except Boraginoideae) present specialized 
transfer cells (Diane, Hilger and Gottschling 2002).

Boraginales are connected with the Solanales and 
most probably share a common origin.

Key to Families
1 Autotrophic plants.

2 Petals usually fi ve.
3 Ovary basically 1-locular, with two, often more 

or less intruded, parietal placentas, which are 
sometimes meeting and joined, dividing the 
ovary into two secondary locules (locelli). 
Ovules many to two on each placenta. Annual, 
biennial, and perennial herbs, subshrubs, 
shrubs, sometimes spiny, rarely small trees (to 
5 m in Wigandia). Stems, leaves and fl owers 
often  variously pubescent, sometimes with 
stringing hairs (as in Wigandia). Leaves alter-
nate or sometimes partly or wholly opposite, 
basal leaves sometimes in rosettes, petiolate, 
simple to pinnately or rarely palmately divided, 
entire or lobed. Stomata anomocytic. Flowers 
in terminal or axillary scorpioid cymes, rarely 
solitary or paired in axils, bisexual, 5-merous 
or rarely (South African genus Codon) 
10–12-merous. Calyx usually divided some-
times to the base or nearly so, lobes imbricate, 
sometimes with appendages between the calyx 
lobes. Corolla sympetalous, actinomorphic or 
nearly so, with imbricate or less often con-
torted lobes, often with scales inside the tube, 
alternating with the stamens. Stamens (4-)5(-
10), inserted near the base of the corolla tube; 
fi laments variously, basally appendiculate; 
anthers dorsifi xed, usually with small scales at 
each side of the base, introrse. Pollen grains 
3- colpate, 3-colporate, or 5–6-colporate, with 
tectate- perforate to semitectate exine structure, 
basically reticulate. Nectaries present at base 
of ovary (Hofmann 2004). Gynoecium of two 
carpels; stylodia more or less connate, some-
times free essentially to the base, mostly with 
capitate stigmas; ovary usually superior, rarely 
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semi-inferior, 1–2-locular. Ovules two to many 
in each locule, pendulous, anatropous, usually 
tenuinucellate, crassinucellate (Nama – see di 
Fulvio 1989a), with an endothelium. Endosperm 
cellular or less often nuclear. Fruits usually 
loculicidal (sometimes also septicidal) cap-
sules or sometimes irregularly dehiscent or 
indehiscent. Seeds small, ruminate by inpush-
ings of the exotestal cells or not, sometimes 
carunculate; exotestal cells thickened on inner 
and radial walls, endotestal cells persistent; 
embryo small to large, green or white, straight, 
surrounded by copious or scanty, oily 
endosperm. Flavonols present ( kaempferol and 
quercetin), n = 5–9, 11–13, 19, 38 (Wigandia 
kunthii).. . . . . . . . . . . . 1. hydrophyllaceae.

3 Ovary at maturity with twice as many second-
ary locules (locelli) as carpels, each with one 
ovule, rarely one carpel suppressed in subfam-
ily Cordioideae and the ovary with only two 
locelli. Herbs, subshrubs, less often shrubs or 
trees, seldom lianas (Cordia, Tournefortia 
spp.); taproots or creeping rhizomes sometimes 
present, rarely present tubers (in Lithospermum 
and Heliotropium); plant often roughly hairy, 
hairs usually strigose to hirsute, with a basal 
 cystolith or cystolith-like body. Leaves alter-
nate, very rarely opposite (in Tournefortia), or 
sometimes the lowest of them or all opposite, 
mostly entire, in a very few species serrate. 
Infl orescences of one or more terminal or lat-
eral helicoids or scorpioid cymes, or fl owers 
contracted into globose or club-shaped heads, 
or fl owers solitary; bracts sometimes present. 
Flowers mostly bisexual, usually 5-merous, 
actinomorphic or rarely zygomorphic. Sepals 
free or basally connate, imbricate or rarely val-
vate. Corolla imbricate, rarely valvate, or con-
torted (in Myosotis), with faucal, hairy or 
scale-shaped appendages. Stamens of the same 
number as corolla lobes, alternating with them; 
anthers 2-locular, sessile or on distinct fi la-
ments, sometimes with a sterile pit of connec-
tive tissue or produced to an awn-like structure, 
awns of one fl ower twisted of not, basifi xed or 
dorsifi xed. Pollen grains from 3-colporate or 
3-porate to pericolpate or pericolporate, some-
times with six colpi, the alternate ones with and 
without a pore. Annular nectary disc present 

around the base of the ovary, often covered by 
basal appendages formed by corolla-tube, or 
absent. Gynoecium of two or rarely (Zoelleria) 
4–5 carpels; stylodia connate into terminal or 
gynobasic style; ovary usually 2-locular, undi-
vided, entire or with four deep furrows, break-
ing into two biovulate halves or into four 
uniovulate mericarps, sometimes part of the 
locules aborted, rarely a greater number of 
carpels developed (e.g. in Trigonotis procum-
bens), placentation axillary (Riedl 1997). 
Ovules anatropous to hemitropous, erect or 
nearly horizontal, rarely pendulous, some-
times (Heliotropium) with an endothelium. 
Fruits drupes with 1–4 pyrenes (Cordiodeae, 
Ehretroideae, and part of Heliotropi oideae), 
separated into four or rarely two (Cerinthe) 
1-seeded, nutlike mericarps (Boraginoideae), 
or capsular (Wellstedioideae). Seeds with 
straight or sometimes more or less curved 
embryo; endosperm of several cell layers 
(Heliotropoideae) or reduced to a single cell 
layer. Producing alkaloids of pyrolizidine group 
and fl avonols (kaempferol and quercetin), fl a-
vonol glycosides astragalin and nicotifl orin, 
isokestose and higher inulin oligosaccharids as 
storage, n = 4–14, 16, 21.. . 2. boraginaceae.

2 Petals 11–14. Deciduous trees; cork superfi cial, 
secondary thickening developing from a conven-
tional cambial ring. Leaves alternate, very large, 
petiolate, chartaceous, simple, entire. Flowers 
large, in terminal bractless, brown-hirsute sub-
scropioid cymes, bisexual, actinomorphic. Calyx 
globose, persistent, irregularly splitting into 2–4 
lobes. Corolla with short tube, lobes imbricate. 
Stamens about 20–35, in about three  irregular 
series attached to the base of the corolla tube; fi la-
ments fi liform; anthers dorsifi xed, latrorse. Pollen 
grains 3-colporate with meridional ridges alter-
nating with intercolpar concavities. Gynoecium 
of two carpels; ovary superior, 1-locular with two 
intruded, forked, parietal placentas; each placenta 
with two  pendulous, anatropous ovules; stylodia 
basally connate, elongate, slender, curved, or bent 
in the middle and each with a disclike horseshoe-
shaped stigma. Fruits drupaceous, 4-seeded, sur-
rounded at the base by the calyx, with leathery 
pericarp and hard endocarp. Seeds with rather 
large, nearly straight embryo with elongate 
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hypocotyl and expanded cotyledons and scanty 
endosperm.  . . . . . . . . . . 3. hoplestigmataceae.

1 Fleshy perennial (Pholisma) or annual (Lennoa) 
parasitic herbs. Stems subterranean or nearly so. 
Roots spreading horizontally and initiating new 
haustoria by short, lateral branches. Leaves alter-
nate, simple, entire, reduced to mere scales, linear 
to broadly deltoid. Flowers in cymose-thyroid, 
cymose-paniculate, spicate, or capitulate infl ores-
cences, bisexual, actinomorphic or nearly so, 
(4)5–9(10)-merous as to the perianth and androe-
cium. Calyx persistent, tubular or divided nearly to 
base into narrow lobes, puberulent to tomentose 
with stalked glandular trichomes. Petals united 
nearly to apex, limb variously lobed, induplicate 
valvate or imbricate, persistent. Stamens 5–10, 
inserted in the throat of the corolla tube, 1–2-seri-
ate; fi laments short; anthers introrse. Pollen grains 
2-celled, 3–4(5)-colporate or colpate and colporate, 
often with alternating aperturate and inaperturate 
colpi. Nectary disc wanting. Gynoecium of 5–16 
carpels; style terminal, with capitate or slightly 
5–9-lobed stigma; ovary superior, entire or shal-
lowly lobed; each primary locule secondarily 
divided by false septum into two locelli; ovules two 
per locule (solitary in each locellus), horizontal, 
anatropous, epitropous. Endosperm cellular. Fruits 
slightly depressed capsules, somewhat fl eshy, but 
drying at maturity; dehiscence circumscissile by an 
irregular ring below the middle of capsule. Seeds 
small, ovate to slightly reniform, laterally fl attened, 
with reticulate surface; embryo undifferentiated, 
globose, embedded in the copious, starchy 
endosperm, n = 9.  . . . . . . . . . . . . .4. lennoaceae.

1. HYDROPHYLLACEAE

R. Brown 1817 (including Ellisiaceae Berchtold et 
J. Presl 1820, Eutocaceae Horaninow 1847, Sagoneaceae 
Martynov 1820). 16/300. Mainly America, especially 
western parts of the U.S.A., but also Hawaiian Islands 
(Nama sandwicensis), and South Africa (Codon).

1.1 HYDROPHYLLOIDEAE
Flowers (4-)5-merous; stigma capitate. – hydrophyl-
leae: Hydrophyllum, Pholistoma, Ellisia, Nemophila; 
phacelieae: Eucrypta, Draperia, Phacelia, 
Emmenanthe, Eriodictyon, Turricula, Tricardia, 

Hesperochiron; nameae: Nama, Wigandia, 
Romanzoffi a.

1.2 CODONOIDEAE
Flowers 10–12-merous. Calyx deeply linear-lobed. 
Corolla campanulate, 10–12-lobed. Style terminal, 
stigma dentate. – Codon.

Related to the Boraginaceae.

2. BORAGINACEAE

A.L. de Jussieu 1789 (including Anchusaceae Vest 
1818, Buglossaceae Hoffmannsegg et Link 1809, 
Cerinthaceae Martynov 1820, Cordiaceae R. Brown 
ex Dumortier 1829, Ehretiaceae C. Martius 1827, 
Heliotropiaceae Schrader 1820, Onosmataceae 
Martynov 1820, Wellstediaceae Novak 1943). Circa 
130/2500. Widely distributed in tropical and especially 
subtropical and temperate regions; the largest subfam-
ily, the Boraginoideae, is centered in the Mediterranean 
and Irano-Turanian regions.

2.1 EHRETIOIDEAE
Trees or shrubs, seldom herbs (Coldenia). Flowers (4-)5-
merous. Corolla imbricate or inwards-folded. Pollen 
3-porate. Style terminal, simple or more or less cleft, or 
two terminal nearly free stylodia (Rochefortia, Coldenia, 
Pteleocarpa). Ovary entire or 4-lobed. Endosperm cel-
lular. Fruits more or less drupaceous or dry, not breaking 
at maturity (as in Carmona) or breaking into four one-
seeded or into two two-seeded mericarps. Seeds with 
copious to scanty endosperm or endosperm absent. 
Cotyledons fl at. Tropical and subtropical regions, n = 5, 
7–11, 13, 16 21. – Coldenia, Tiquilia, Pteleocarpa, 
Lepidocordia (including Antrophora), Rochefortia, 
Rotula, Ehretia, Carmona, Pteleocarpa, Bourreria, 
Cortesia, Halgania.

2.2 CORDIOIDEAE
Odoriferous trees, lianes, or shrubs. Corolla contorted 
(imbricate). Style terminal, once or twice forked. 
Ovary undivided. Endosperm cellular. Fruits variable, 
dry with a fi brous or bony pericarp, or thin-fl eshed 
drupes with a thin exocarp, juicy to mucilaginous 
mesocarp, and bony endocarp, usually 1-locular and 
1-seeded. Seeds without endosperm. Cotyledons 
 plicate, toothed. Present terpenoid-based quinones. 
Tropical and subtropical, n = 9, 14–16, 19. – Cordia 
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(including Varronia, Gerascanthus, ? Saccellium, 
Patagonula, Auxemma).

2.3 HELIOTROPIOIDEAE
Odoriferous trees, shrubs, lianes, or herbs. Corolla imbri-
cate or with involute margins. Stigma receptive only 
basi-laterally, discoid, then conical and more or less 
2-lobed at sterile apex, or hemispherical, with a ring of 
hairs, wet. Ovary entire or 4-lobed. Endosperm cellular. 
Fruits fl eshy or dry, lobed or unlobed, at maturity break-
ing into two or four bony, 1- or 2-seeded mericarps. 
Seeds exotestal, without endosperm. Cotyledons not pli-
cate. Contain pyrrolizidine alkaloids and salicylic acid 
(Tournefortia). Tropical, subtropical, and warm-temper-
ate regions. n = 5, 7–9, 11–14. – Tournefortia, Argusia, 
Heliotropium (including Parabouchetia), Valentiniella, 
Mallotonia, Beruniella, Ixorhea, Nogalia.

2.4 BORAGINOIDEAE
Mainly herbs. Corolla often rotate. Pollen grains 4–6 
colporate. Style gynobasic, entire or lobed, arising 
from the base of usually deeply 4-lobed ovary. 
Endosperm cellular or nuclear, sometimes helobial. 
Fruits of four one-seeded mericarps (8–10 in Zoelleria). 
Endosperm scanty or absent. Mostly subtropical and 
temperate regions. Containing pyrrolizidine alkaloids, 
lakannin, n = 4–13. – trigonotideae: Trigonotis 
(including Pedinogyne, Zoelleria), Omphalotrigonotis, 
Sinojohnstonia, Brachybotrys, Bothriospermum, 
Mertensia, Pseudomertensia, (including Scapiceph-
alus), etc; eritricheae: Plagiobothrys, Allocarya, 
Amblynotus, Antiphytum, Echiochilon, Ogastemma, 
Sericostoma, Chamissoniophila, Amsinckia, Microula 
(including Schistocaryum), Anoplocaryum, Trigono-
caryum, Microcaryum, Chionocharis, Actinocarya, 
Hackelia, Asperugo,, Eritrichium, Metaeritrichium, 
Tianschaniella, Lepechiniella, Heterocaryum, Cranio-
spermum, Lappula, Lasiocaryum, Stephanocaryum, 
Cryptantha; rochelieae: Rochelia; cynogloseae: 
Bothrio spermum, Antiotrema, Cynoglossum, Pardo-
glossum, Ivanjohnstonia, Austrocynoglossum, Para-
cynoglossum, Harpagonella, Lindelofi a, Adelocaryum, 
Rindera, Trichodesma, Lacaitaea, Omphalodes, Sole-
nanthus, Kuschakewiczia, Trachelanthus, Mattiastrum, 
Paracaryum, Thyrocarpus, Suchtelena, Caccinia, 
Heliocarya, etc.  lithospermeae: Arnebia, Huynhia, 
Macrotomia, Lithospermum (including Aegonychon), 
Ulugbekia, Neatostema, Buglossoides, Lithodora, 
Onosma, Maharanga, Cerinthe, Moltkia, Moltkiopsis, 

Stenosolenium, Alkanna, Halacsya, Echium, Lobo-
stemon, Echiostachys, Ancistrocarya, etc.; borag-
ineae: Pulmonaria, Mertensia, Nonea, Nephro carya, 
Paraskevia, Elizaldia, Symphytum, Brunnera, Anchusa, 
Lycopsis, Anchusella, Phyllocara, Cynoglottis, 
Gastrocotyle, Hormuzakia, Pentaglottis, Pectocarya, 
Borago, Trachystemon, etc.;  myosotideae: Myosotis.

2.5 WELLSTEDIOIDEAE
Low woody herbs or shrublets. Leaves grey-strigose. 
Flowers bisexual, solitary, 4-merous. Calyx imbricate 
or open in bud; corolla imbricate. Pollen grains 
3- colporate. Nectary disc absent. Style terminal, 
shortly bind; stigmas two; ovary 2-locular, with soli-
tary, pendulous ovule per locule. Fruits compressed, 
broadly obcordate, 1–2-seeded loculicidal capsules. 
Seeds comose, without endosperm, embryo curved, 
cotyledons accumbent. Southwestern Africa, Somalia, 
Socotra. – Wellstedia.

Ehretioideae are the most archaic group within the 
family (free or nearly free stylodia and copious 
endosperm in some genera). Cordioideae are more 
advanced (plicate cotyledons and usually more special-
ized pollen grains). Heliotropioideae are closely con-
nected with the Ehretioideae and probably derived from 
them. Boraginoideae, which are by far the largest and the 
most diverse subfamily of the Boraginaceae, have proba-
bly a common origin with the Heliotro pioideae. 
Wellstedioideae with their 4-numerous fl owers and cap-
sular fruits are the most isolated group within the family.

3. HOPLESTIGMATACEAE

Engler et Gilg 1924. 1/2. Tropical West Africa from 
Cameroon to Gabon.

Hoplestigma
Closely related to the Boraginaceae (Hallier [1911, 

1912] even included Hoplestigma in Boraginaceae), 
especially to the Ehretioideae (Takhtajan 1987), which 
is supported by palynological data (Erdtman 1952; 
Nowicke and Miller 1989).

4. LENNOACEAE

Solms-Laubach 1870. 3/6–7. California, Arizona, 
Mexico, Central America, northernmost Colombia, 
and Venezuela.



Superorder LAMIANAE 543

Lennoa, Pholisma, Ammobroma
Related to the Hydrophyllaceae and Boraginaceae 

(Hallier 1912, 1923; Suessenguth 1927; Copeland 
1935; Wettstein 1935; Avetisian 1956; Drugg 1962; 
Takhtajan 1966, 1987; Yatskievych and Mason 1986; 
Thorne 1992a, b, 2000), in particular to the Ehretioideae. 
However, the Lennoaceae are very advanced and rather 
isolated within the order.
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Order 123. OLEALES

Trees or shrubs, sometimes woody climbers or scram-
blers; Jasminum twining anticlockwise. The indumen-
tum characteristically consists of scale-like, peltate 
trichomes, sometimes glandular or appearing as trans-
parent or sunken dots in the leaf; groups of secretory 
type of trichomes frequently form extrafl oral nectaries 
that are common in some of the genera. Small acicular 
or prismatic crystals of calcium oxalate occur in both 
stem and leaf. Vessels with scalariform or scalariform 
and simple perforations (in Forsythia infrequently 
occur scalariform perforations, and vestigial scalari-
form plates present in Syringa and Fontanesia); pits 
vestured, lateral pitting alternate, often more or less 
distinctly vestured (Baas et al. 1988). Fibers with bor-
dered or simple pits, sometimes septate. Rays heteroge-
neous to homogeneous. Axial parenchyma apotracheally 
diffuse or more often paratracheal. Sieve-element plas-
tids of S-type. Nodes unilacunar. Leaves often decidu-
ous, or evergreen, opposite or rarely (some species of 
Jasminum) alternate, petiolate, simple and often entire 
or lobed to pinnately compound or trifoliolate or unifo-
liolate, conduplicate (Chionanthus), estipulate. Stomata 
usually anomocytic. Domatia occurring in six genera 
and numerous species and manifested as pits, or pock-
ets, or hair tufts. The nuclei of mesophyll parenchyma 
cells contain characteristic crystalline inclusions. 
Flowers mostly rather small, basically in dichasial 
cymes but usually modifi ed so as to give the appear-
ance of racemes, panicles or fascicles, sometimes soli-
tary, bisexual or rarely polygamous or dioecious, 
actinomorphic, usually 4-merous. Calyx mostly small, 
4(-15)-lobed, valvate, rarely absent (some spp. of 
Fraxinus). Corolla sympetalous, 4(-15)-lobed, but 
sometimes, as in spp. of Fraxinus very deeply lobed or 
divided and seemingly choripetalous, lobes imbricate, 
valvate (or induplicate-valvate), or contorted, some-
times (as in Forestiera and some spp. of Fraxinus) 
obsolete, rarely corolla absent. Stamens usually two, 
rarely four (Hesperelaea, Tessarandra), very rarely 
three or fi ve, attached to the corolla tube (when the tube 
is expressed); fi lantherous, or with sessile anthers; 
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anthers dorsifi xed or basifi xed, introrse, tetrasporan-
giate, with locules usually back to back, often apicu-
late, opening longitudinally; endothecium developing 
fi brous thickenings. Tapetum secretory. Microsporo-
genesis simultaneous. Pollen grains 2-celled or very 
rarely 3-celled, tricolpate, or tricolporate,  occasionally 
rupate, with reticulate ornamentation. A nectary 
intrastaminal disc sometimes present around the base 
of the ovary. Gynoecium of two carpels, mostly median; 
style terminal, with entire, 2-lobed or bifi d stigma or 
sometimes stigma sessile; ovary superior, 2-locular, 
with two, one or four to many ovules per  locule, 
attached to the apex, side, or base of the  partition. 
Ovules pendulous or ascending, with dorsal raphe, 
 usually anatropous, unitegmic, with usually massive 
integument, tenuinucellate, with persistent  endothelium 
around the lower part of female gametophyte. Female 
gametophyte monosporic, usually of Polygonum-type, 
rarely (Olea) bisporic of Allium-type. Endosperm 
 cellular or sometimes (Jasminum) nuclear. Fruits of 
various types: usually 1-seeded berries, drupes, some-
times samaras (Fraxinus), woody loculicidal or 
 circumscissile (Menodora) capsule. Seeds small, exot-
estal (exotesta palisade or not, endotesta fi brous), 
embryo straight, cotyledons fl at, endosperm copious, 
oily, thick-walled, or cotyledons storage and endosperm 
almost absent. Usually producing mannitol, fl avones 
and fl avonols, carboxycyclic iridoid compounds, 
myricetin, and the phenolic glycosides orobanchin and 
syringin as well as verbascosides (Jensen et al. 2002), 
ursolic acid. Triterpenes and saponins are also present. 
n = 11, 13–14, 18, 20, 22–24.

Some authors, including Dahlgren, consider Oleaceae 
a separate order Oleales related to the Rubiales 
(Gentianales), especially to the Loganiaceae, and others 
(Cronquist 1981, 1988) placed them in the 
Scrophulariales, and Thorne (1992a, b, 2000, 2006) – in 
the Lamiales. Wood anatomy supports the treatment of 
Oleaceae in or near the Rubiales, closest to the 
Loganiaceae s. 1. (Baas et al. 1988: 168). According to 
Hegnauer (1969), chemical evidence also supports 
affi nities of the Oleaceae with Rubiales. However, recent 
molecular data (rbcL sequences, Olmstead et al. [1992]) 
and restriction site mapping of the chloroplast DNA 
(Downie and Palmer 1992) seem to agree with the posi-
tion of the Oleaceae near the Scrophulariaceae (Jensen 
1992). “It may have been the presence of  seco-iridoids, 
which never occur in Lamianae, that was decisive for 
Dahlgren’s removal of Oleaceae from the superorder. 

However, the type of seco-iridoids in Oleaceae is unique 
when compared to those found in other seco-iridoid-
containing taxa.… Thus, the presence of seco-iridoids 
alone may not be justifi cation for keeping Oleaceae in 
Gentianales” (Jensen 1992: 293). Serological studies 
support affi nities with both Rubiales and Scrophulariales 
(Piechura and Fairbrothers 1979). On the other hand, 
the chloroplast DNA data suggest that the Oleaceae are 
more closely related to the Scrophulariales than to the 
Rubiales (Downie and Palmer 1992). In some respects 
the Oleales occupy an intermediate position between 
Gentianales and Lamiales assemblage.

1. OLEACEAE

Hoffmannsegg et Link 1809 (including Bolivariaceae 
Grisebach 1838, Forestieraceae Endlicher 1841, 
Fraxinaceae Vest 1818, Jasminaceae A.L. de Jussieu 
1789, Ligustraceae G. Meyer 1836, Nyctanthaceae J. 
Agardh 1858, Schreberaceae Schnitzlein 1857–1870, 
Syringaceae Horaninow 1847). 25/615–900. Nearly 
cosmopolitan, but best developed in Southeast Asia 
and Australia; the largest genus Jasminum (450) is 
confi ned to the Old World, mainly to tropical and sub-
tropical regions.

jasmineae: Menodora, Jasminum; forsythieae: 
Abeliophyllum, Forsythia; fontanesieae: Fontanesia; 
myxopyreae: Myxopyrum, Nyctanthes, Dimetra; 
fraxineae: Fraxinus; schrebereae: Comoranthus, 
Schrebera; oleeae: Syringa (including Ligustrina), 
Ligustrum, Olea, Chionanthus, Forestiera, Haenian-
thus, Tessarandra, Noronhia, Notelaea, Nestegis, 
Osmanthus, Phyllyrea, Picconia, Hesperelaea.
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Order 124. LAMIALES

Herbs and subshrubs, less often shrubs and trees, 
sometimes lianous. Young twigs often quadrangular. 
Stems sometimes with anomalous structure. Vessels 
with simple or rarely scalariform perforations; lateral 
pitting alternate. Fibers usually with simple pits, often 
septate. Rays mostly heterogeneous of various types 
to homogeneous. Axial parenchyma paratracheal, very 
scanty or absent. Intraxylary phloem rare. Sieve-
element plastids usually of S-type, but in Acanthaceae 
also of Pcs- and Pc-types. Nodes unilacunar or rarely 
trilacunar or multilacunar. Leaves alternate or oppo-
site, sometimes verticillate, simple or sometimes com-
pound, almost always estipulate; leaf mesophyll cells 
sometimes contain oil bodies. Stomata of various 
types. Flowers in cymose or racemose infl orescences 
or solitary, bisexual or rarely unisexual, usually zygo-
morphic. Perianth 5-merous or less often 4-merous. 
Sepals more or less connate, lobed or toothed, some-
times bilabiate, sometimes persistent. Corolla sympet-
alous, often bilabiate, sometimes more or less 
actinomorphic, lobes imbricate. Stamens attached to 
the corolla tube and alternate with the corolla lobes, in 
fl owers with 4-merous perianth as many as the lobes or 
only two, in fl owers with 5-merous perianth usually 
only four fertile stamens and the upper (adaxial) sterile 
or wanting or staminodial, or only two fertile stamens 
and the others are wanting or staminodial. Anthers tet-
rasporangiate or less often disporangiate, opening lon-
gitudinally. Tapetum secretory or rarely (Bignoniaceae) 
amoeboid. Microsporogenesis simultaneous. Pollen 
grains 2-celled or 3-celled, 3-aperturate or of various 
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derived types. Intrastaminal nectary disc usually pres-
ent. Gynoecium mostly of two united median carpels, 
sometimes pseudomonomerous, rarely of three or four 
carpels; style terminal or gynobasic, with 2-lobed 
stigma (style sometimes very short and the stigma is 
essentially sessile); ovary superior or less often semi-
inferior or inferior, with (1)2 or mostly many ovules 
per locule. Ovules anatropous, hemitropous, amphitro-
pous, or less often orthotropous, unitegmic, tenuinu-
cellate, usually with endothelium. Female gameto-
phyte usually of Polygonum-type. Endosperm cellular. 
Endosperm haustoria developed. Fruits capsules or 
capsulelike, or sometimes indehiscent and then drupa-
ceous or baccate, sometimes separating into drupelike 
mericarps. Seeds exotestal, with copious endosperm or 
endosperm scanty or wanting. Usually producing vari-
ous iridoid compounds (but not secoiridoids) and the 
phenolic glycoside orobanchin, fl avones, but only 
rarely alkaloids.

Lamiales are related to the Oleales. In some respects 
the Buddlejaceae are a connecting link between these 
orders.

Key to Families
1 Flowers essentially actinomorphic.

2 Perianth usually 4-merous.
3 Trees or shrubs, rarely lianas or suffrutescent 

herbs, often with lepidote or stellate or branch-
ing trichomes and/or glandular hairs. Vessels 
with simple perforation, without vestured pits. 
Fibers with simple or obscurely bordered pits, 
septate (in some Buddleja, Peltanthera, 
Nuxia). Rays heterogeneous. Axial paren-
chyma sparse, paratracheal, or absent. Leaves 
opposite or less often verticillate, rarely (a few 
spp. of Buddleja) alternate, entire or more 
often dentate or lobed, with interpetiolar 
stipules usually represented by a line, rarely 
well developed. Stomata paracytic, anomo-
cytic, or anisocytic, and these types often 
mixed on one plant (Oxelman, Kornhall and 
Norman 2004). Flowers in various types of 
infl orescences, bisexual or often functionally 
dioecious, bracteate and bracteolate, 4-mer-
ous, rarely (Peltanthera) 5-merous. Calyx 
lobed or very deeply cleft, persistent, imbri-
cate. Corolla with imbricate or valvate lobes, 
tubular, funnelform. Stamens four, inserted 
midway down the corolla tube, or in the throat 

of the corolla tube; anthers bilocular, or 4-loc-
ular (Androya), dorsifi xed or peltate, introrse. 
Pollen grains 2-celled, 3(4)-colporate. Nectary 
disc absent, except for Gomphostigma. 
Gynoecium of two carpels, or of four carpels 
(in some Buddleja species); style with a capi-
tate or lobed stigma; ovary 2-, or 4-locular, 
superior, locules secondarily divided by ‘false 
septa’, or without ‘false septa’; ovules numer-
ous, hemitropous, pendulous or ascending, on 
thickened, axile placentas. Fruits septicidal 
capsules, rarely barriers (Nicodemia). Seeds 
often winged, sometimes with pockets between 
the exotesta and the endothelium (Norman 
2000); embryo straight, small to large, 
endosperm oily or starchy, copious to scanty. 
Produce iridoids aucubin and catalpol, and 
verbascosides (Jensen 2000). n = 7, 14, 15, 
19. . . . . . . . . . . . . . . . . . . . 1. buddlejaceae.

3 Small herbs, terrestrial, or subaquatic to 
aquatic.
4 Fruits capsular, with numerous seeds. Small 

 per ennial, rarely annual herbs arising from 
a central taproot with numerous sympodial 
branches; branches procumbent to ascend-
ing, fl uted, often with four sharp fl anges 
and 2- or 4-rounded ridges. Leaves oppo-
site, sessile, connate, simple, entire, linear, 
slightly scabrid along the margins and stem 
ridges, stipulate or estipulate, stipules, if 
present, interpetiolar. Young stems tetrago-
nal. Flowers axillary, solitary, bracteolate 
(the bracteoles sepal-like), small, sessile. 
Calyx divided almost to the base, persistent. 
Corolla campanulate, imbricate, with a ring 
of hairs in the throat. Stamens usually four, 
included, fi laments about as long as the 
anthers, alternating with the corolla mem-
bers; anthers 2-locular, introrse. Pollen grains 
3-colporate. Gynoe cium of two carpels; style 
short, persistent with a capitate stigma; ovary 
2-locular, partly inferior. Ovules 20–50 per 
locule, anatropous, on peltate placentae that 
are attached to the base of the septum. 
Endosperm cellular. Endosperm haustoria 
chalazal or micropylar. Fruits loculicidal and 
valvular capsules, laterally compressed, obo-
void to ovoid. Seeds small, wingless, cuboi-
dal, with a smooth surface, translucent; 
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embryo straight; endosperm copious. 
Detected verbascosides and cornoside, 
n = 11. . . . . . . . . . . . . . 2. polypremaceae.

4 Fruits separate into four basally attached, 
1-seeded, setulose, dry mericarps. Mostly 
subaquatic to aquatic, succulent, small 
creeping herbs with prostrate rooting stems 
emitting short, leafy branches, bearing 
essential oils. Leaves opposite, leathery, 
with fl at connate petioles, ciliate toward 
base, minutely denticulate distally, more or 
less fl eshy, entire, simple, obscurely gland-
dotted, aromatic. Flowers solitary, terminal 
or axillary, minute. Sepals connate, imbri-
cate, persistent. Petals connate, imbricate, 
corolla subrotate, without a ring of hairs in 
the throat. Stamens four, inserted to the 
corolla tube, alternating with the corolla 
members; anthers 2-locular, dorsifi xed, 
introrse. Pollen grains 3- colporate, rhom-
boidal, exine regularly dimorphic, the polar 
regions and borders of colpi psilate and 
tectate- perforate, the mesocolpal regions 
intectate and baculate. Gynoecium of two 
carpels, with long or short, slender gynoba-
sic style and inconspicuous stigma; ovary 
superior, 4-locular (ostensibly), or 2-locular 
with four locelae via false septa, with one 
erect anatropous ovule per locule; placenta-
tion basal. Mericarps comprising nutlets. 
Seeds with copious endosperm. Contain 
verbascoside.  . . . 3. tetrachondraceae.

2 Flowers apetalous.
5 Gynoecium of two united carpels; style 

gynobasic, deeply cleft or often divided to the 
base. Slender perennial or annual herbs; some 
of them entirely submerged aquatics with 
underwater pollination, others are amphibi-
ous, and few are terrestrial in wet habitats with 
aerial pollination. Glandular, fan-like scale 
hairs in the leaf axils, in terrestrial and amphib-
ious species additionally peltate, disc-like 
hairs. Vascular system of the stem very 
reduced, xylem with or without vessels. 
Leaves small, opposite, often in rosettes at 
branch tips, usually linear and bifi d when sub-
merged, linear to spatulate when fl oating and 
aerial, epulvinate. Stomata present, sporadi-
cally on submerged leaves, mainly confi ned to 

one surface (adaxial, when fl oating), or on 
both surfaces. Flowers without perianth, min-
ute, unisexual, monoecious or dioecious, usu-
ally solitary in axils or rarely one fl ower of 
each sex in the same axil, usually with two, 
minute, hornlike bracteoles. Male fl ower con-
sists of one stamen, rarely of 2–3 stamens; 
anthers reniform. Pollen grains small, spheroi-
dal, intectate, with three, not well-defi ned 
apertures or inaperturate, 3-coplate. Ovary 
superior, somewhat compressed, laterally 
4-lobed, apically somewhat indented; each 
carpel longitudinally divided by an intrusive 
partition from the carpellary midrib into two 
locelli each with one pendulous, anatropous 
ovule with ventral raphe. Endosperm with ter-
minal, chalazal and micropylar (the latter the 
more aggressive) haustoria. Fruits dry, 4-lobed, 
with each lobe winged or keeled, splitting into 
four one-seeded mericarps. Seeds minute, 
with membranous testa, straight or slightly 
curved embryo and fl eshy, oily endosperm; 
cotyledons short. Contains carbocyclic iridoid 
aucubin (Wieffering 1966), verbascosides, fl a-
vones and caffeic acid, n = 3–6, rarely 10, 14, 
19–20. . . . . . . . . . . . . . 13. callitrichaceae

5 Gynoecium monocarpellate (derived from a 
pseudomonomerous one), with long subulate 
stylodium stigmatic throughout. Perennial 
water herbs with creeping, sympodial rhizome 
and erect stems, whose upper parts usually 
project above the water. Vascular system of 
the axial organs very reduced. Sieve-element 
plastids of S-type. Leaves verticillate, entire, 
linear, estipulate, provided with minute, decid-
uous, peltate, glandular trichomes; submersed 
leaves long, pale green and fl accid, the emer-
gent leaves obovate to linear, dark green and 
rigid. Flowers small and inconspicuous, soli-
tary and sessile in the axils of upper leaves, 
bisexual or sometimes some or all of them 
unisexual, actinomorphic, apetalous, anemo-
philous. Calyx reduced to 2–4-lobed or suben-
tire rim around the top of the ovary. Stamens 
solitary, abaxial, with slender fi lament and 
large, red, tetrasporangiate, introrse anther 
opening longitudinally. Tapetum secretory. 
Micro sporogenesis simultaneous. Pollen 
grains 3-celled, 4–6-colporate. Ovary inferior, 
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1-locular, with one apical and pendulous, ana-
tropous, unitegmic to ategmic, tenuinucellate 
ovule with an endothelium. Endosperm cellu-
lar, with inconspicuous terminal haustoria. 
Female gametophyte of Polygonum-type. 
Fruits drupaceous, with very thin, fl eshy exo-
carp and hard endocarp. Seeds with large, 
elongate, straight embryo and very thin, pro-
teinaceous endosperm. Producing the carbo-
cyclic iridoid aucubin and catalpol, n = 8, 15, 
16. . . . . . . . . . . . . . . . . . . 14. hippuridaceae.

1 Flowers mostly more or less zygomorphic. Perianth 
mostly 5-lobed.
6 Plants with ericoid habit and densely crowded, 

verticillate leaves and glandular trichomes. Trees, 
small shrubs or shrublets; shrubs single-stemmed, 
or multistemmed, young branches often angular 
and puberulous. Vessels simple, rarely scalari-
form. Axial parenchyma vasicentric, scarce or 
lacking. Leaves opposite or rarely alternate, 
entire, narrowly lanceolate to linear, with recurved 
margins, usually estipulate. Infl orescences termi-
nal or rarely on axillary branches (Retzia). Flowers 
bisexual, each fl ower subtended by leafy bract 
and two bracteoles. Calyx of 4–5 sepals, usually 
tubular basally, with 4–5 free, imbricate to  valvate 
lobes. Corolla actinomorphic or zygomorphic, 
with narrowly funnel-shaped tube and 5- or less 
often 4-lobed, imbricate. Stamens usually four or 
fi ve, equal; fi laments free, short to long, slender 
or stout, inserted in the throat of the corolla tube, 
or between the lobes; anthers 2-locular, dorsi-
fi xed. Pollen grains 3-colporate, with punctate 
tectum and granular membrane of colpi. Small, 
inconspicuous nectary disc usually present. 
Gynoecium of two carpels; ovary superior, 2-loc-
ular, often becoming 1-locular by abortation or 
loss of septum. Ovules 1–4(-6) in each locule; 
ovules anatropous, ascending. Style terminal, fi li-
form, erect, stigma capitate or minutely bilobed. 
Fruits loculicidal and valvular capsules. Seeds 
reticulate, with straight embryo and oily or starchy 
endosperm. Present C-8–C-11 iridioid glucosides 
(Frederiksen et al. 1999), and verbascosides; 
n = 12 (Retzia), 19 (Nuxia). . . . . .5. stilbaceae.

6 Plants not ericoid. Vessels with simple perforations 
(except for a few members of Bignoniaceae).
7 Plants not insectivorous. Placentation not free-

central.

8 Seeds mostly with copious endosperm 
(except some Gesneriaceae).
9 Corolla not scarious. Flowers mostly 

entomophilous or ornithophilous.
10 Leaves mostly alternate.

11 Ovules (2-) more or less numer-
ous on each placenta. Herbs, sub-
shrubs, or shrubs, sometimes 
climbers, rarely trees (Paulownia, 
Wightia); plants sometimes 
succulent, rarely hydrophytic 
(Limnophila), sometimes totally 
parasitic, or partially parasitic, or 
autotrophic. Often provided with 
hairs that commonly have a basal 
cystolith, often also with other 
types of trichomes including glan-
dular hairs. Vessels with simple 
perforation, without vestured pits; 
wood partially storied or not; axial 
parenchyma apotracheal or para-
tracheal, usually very sparse, or 
absent. Nodes unilacunar. Leaves 
alternate or less often opposite, 
rarely verticillate, entire or some-
times dissected, often reduced to 
scales, or absent (e.g. Lathraea). 
Stomata usually  anomocytic or 
anysocytic. Flowers in various 
types of cymose or racemose infl o-
rescences or sometimes solitary, 
bisexual, usually zygomorphic. 
Calyx deeply (1–2)4–5-lobed, 
persistent, lobes imbricate or val-
vate, rarely open. Corolla (4)5(-8)-
lobed, imbricate or valvate, often 
bilabiate, sometimes spurred, per-
sistent or deciduous, rarely (spp. 
of Besseya) wanting. Stamens usu-
ally four (with adaxial one stamin-
odial or staminodium absent) or 
sometimes fi ve (as in Verbascum) 
or only 2(3) (with the abaxial pair 
reduced or wanting); fi laments 
sometimes appendiculate; anthers 
bilocular, or rarely (Selagineae) 
unilocular, tetrasporangiate or 
rarely disporangiate, opening by 
longitudinally. Pollen grains 
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2-celled, (2)3(-6)-colporate or 
panto-colpate, rarely inaperturate, 
mostly more or less reticulate. 
A unilateral or annular intrastami-
nal nectary disc usually present. 
Gynoecium of two or rarely three 
carpels; style with 2(-4)-lobed to 
capitate or crateriform stigma; 
ovary 2(3)-locular, rarely 
(Orobanchoideae) 1-locular, with 
more or less numerous (rarely sol-
itary), pendulous to ascending, 
anatropous or hemitropous, sel-
dom amphitropous or campylotro-
pous ovules in each locule. Fruits 
usually capsules, septicidal or less 
often loculicidal, or occasionally 
poricidal, or circumscissile, or 
splitting irregularly, rarely bac-
cate, very rarely schizocarps. 
Seeds small to minute, exotestal, 
mostly angular, winged or wing-
less, without amyloid; embryo 
straight or slightly curved, in para-
sitic taxa usually undifferentiated; 
endosperm oily, very rarely 
(Monttea) lacking. Contain iridoid 
glycosides (especially aucubin and 
catapol), pyrrolizidine alkaloids, 
fl avonoids and fl avones, saponins. 
In Digitalis containing glycosides 
(digitalin and lanoxin) and lacking 
iridoids (Fischer 2004), n = 6–9, 
11, 13, 15–17, 20, 21, 23–28.
. . . . . . . . .6. scrophulariaceae.

11 Ovules usually solitary in locule. 
Small shrubs, subshrubs, or rarely 
perennial herbs. Imperforate trac-
heary elements are all tracheids. 
Axial parenchyma scanty, vasi-
centric, less commonly diffuse. 
Leaves alternate, simple, entire, 
coriaceous, estipulate. Flowers in 
heads (Globularia) or spikes 
(Poskea) with or without involu-
cre of bracts, bisexual, zygomor-
phic. Calyx persistent, tubular, 
5-lobed, actinomorphic or rarely 
slightly bilabiate. Corolla 4–5-

lobed, bilabiate (the upper lip of 
two petals more or less shorter than 
the 3-petaled lower one), lobes 
imbricate. Stamens four, inserted 
at the top of the corolla tube; 
anthers reniform, at fi rst 2-locular, 
at length the loculi confl uent and 
opening by a single slit. Pollen 
grains 3(4)-colporate, tectate-per-
forate (Globularia) or semitectate 
(Poskea), with granular to spinulose 
colpus membranes. Intrastaminal 
nectary disc annular, semicircular, 
or glandlike or absent. Gynoecium 
pseudomonomerous, with a slen-
der style and capitate or shortly 
2-lobed stigma; ovary superior, 
1-locular, with anatropous, pendu-
lous ovule. Fruits nutlike, envel-
oped by the persistent calyx. Seeds 
with straight long embryo sur-
rounded by scanty endosperm. 
Present iridoids: globularin, catal-
pol, globularicosin, globularidin, 
asperulin, and lytanthosalin 
(Hegnauer 1989b), n = 8, 16.
  . . . . . . . . . 11. globulariaceae.

10 Leaves mostly opposite.
12 Ovary bilocular.

13 Ovary superior to semi-inferior. 
Annual or perennial herbs or 
shrubs (Stemotria), glandular 
pubescent to densely villose, 
rarely glabrous. Stems erect, 
prostrate or ascending. Leaves 
cauline or in a basal rosette, 
sessile to petiolate, linear lan-
ceolate to ovoid-orbicular, 
acuminate, entire or pinnatifi d 
to pinnatisect. Infl orescence 
thyrsic, with accessory fl owers, 
paired, each pair composed of 
a terminal fl ower and the fl ower 
from its reduced prophyll. 
Flowers distinctly zygomor-
phic, 4-merous, bright yellow; 
sepals valvate, free to the base, 
persistent. Corolla with whorl 
tube, usually with shoe-like 
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invagination of lower lit, with 
trichome nectaries. Stamens 
two or three (Stemotria trian-
dra), fi laments short, inserted 
in a distinct, dark purple ring at 
the base of the corolla tube; 
anthers 2-locular. Gynoecium 
of two carpels; style terminal, 
with inconspicuous or slightly 
capitate stigma. Capsule septi-
cidal and loculicidal. Seeds 
numerous, testa with anticlinal 
walls sinuous (straight); 
endosperm present, n = (8)9.
. . . . . . .4. calceolariaceae.

13 Ovary inferior. Perennial herbs 
or subshrubs. Leaves opposite, 
sometimes oblique, membra-
nous, serrate or irregularly 
dentate, estipulate, petioles 
connected by a raised line. 
Stomata anomocytic. Flowers 
in dense terminal or axillary 
cymes, bisexual, slightly zygo-
morphic or nearly actinomor-
phic. Calyx adnate to the ovary, 
with four or fi ve more or less 
unequal lobes, open, persistent. 
Corolla campanulate or funnel-
shaped, lobes imbricate or ind-
uplicate-valvate. Stamens two, 
epipetalous; fi laments short; 
anthers linear- oblong, some-
times latrorse, cohering round 
style. Pollen grains 3-colpate 
(Silvianthus) or 5–6-colpate 
(Carlemannia) intectate, 
broadly reticulate. Nectary disc 
conspicuous, shortly cylindri-
cal or conical. Gynoecium of 
two carpels; style elongate, with 
clavate or fusiform, bifi d 
stigma; ovary 2-locular, with 
many (30–100) ovules on axile 
or subbasal placenta. Fruits 
loculicidal capsules 
(Carlemannia) or fruits open 
by fi ve irregular, longitudinal 
valves (Silvianthus), calyx per-

sistent. Seeds many, exotesta 
cells narrow, radial walls 
thickened, endothelium persis-
tent (Silvianthus) or polygo-
nal, all walls thickened 
(Carlemannia); endosperm 
ruminate (Silvianthus), more or 
less fl eshy, copious; embryo 
small. 10. carlemanniaceae.

12 Ovary 1-locular, or with two pari-
etal placentas. Herbs or sub-
shrubs, rarely shrubs or small 
trees, sometimes lianas or epi-
phytes. Usually provided with 
uniseriate hairs or stalked glands 
or both. Secretory cavities pres-
ent or absent, when present – with 
oil, or with resin. Fibers with sim-
ple pits and septate. Axial paren-
chyma paratracheal, or very 
sparse, or absent. Nodes unilacu-
nar, trilacunar, or pentalacunar. 
Leaves mostly opposite, rarely 
verticillate or alternate, entire or 
dentate, rarely pinnatifi d, com-
monly estipulate. Stomata usually 
anisocytic (often very large). 
Flowers in various types of 
cymose or seldom racemose 
infl orescences or solitary in the 
leaf axils, sometimes epiphyllous, 
bisexual or rarely monoecious, 
mostly zygomorphic. Sepals fi ve, 
free or usually connate into a 
lobed tube, valvate or rarely 
imbricate. Corolla 5-lobed, usu-
ally bilabiate and often spurred, 
sometimes nearly or quite actino-
morphic, lobes imbricate, adaxial 
(posterior) ones usually internal. 
Stamens commonly four, or two, 
with the anthers connivent in 
pairs or all together (posterior 
reduced or absent), less often a 
single pair of stamens developed, 
rarely (Ramonda, some Sinningia 
spp.) all fi ve stamens developed; 
often 1–3 staminodia present in 
place of missing stamens, anthers 
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basifi xed or rarely dorsifi xed, 
opening by longitudinal slits or 
by apical (rarely basal) poles. 
Pollen grains (2)3(4)-colporate. 
Intrastaminal nectary disc usually 
present, usually annular or cupu-
lar, sometimes unilateral or of 
discrete glands. Gynoecium of 
two carpels, with slender style 
and usually 2-lobed stigma; ovary 
superior or more or less inferior, 
1-locular, or with two parietal 
placentas that are usually more or 
less intruded and bifurcate, some-
times more or less joined and 
dividing the ovary into two or 
even four chambers. Ovules 
numerous, anatropous or very 
rarely orthotropous. Fruits usu-
ally loculicidal or rarely septi-
cidal, or rarely valvular capsules, 
rarely berries. Seeds small, with 
straight embryo and oily 
endosperm (Gesnerideae) or no 
endosperm (Cyrtandroideae). 
Iridoids absent. Contain fl avonoids, 
anthocyanins (pelargonidin, malvi-
din, cyanidin, gesnerin, delphini-
din, and etc.), cornosids and some 
genera also verbascosides and 
orobanchine, n = (4)8–18(64); n = 
30 + in Coronanthereae (Smith 
1996).. . . . . . . . .8. gesneriaceae.

9 Corolla scarious. Perennial or annual 
herbs, rarely small shrubs or subshrubs, 
terrestrial to aquatic, sometimes succu-
lent. Trichomes non-glandular or glandu-
lar with a head of one or a few cells. 
Fibers very short, with simple or bor-
dered pits. Nodes unilacunar, trilacunar, 
or multilacunar. Leaves usually all basal 
and alternate, rarely cauline and alternate 
or opposite, mostly sheathing at the base, 
with more or less curvi-palmate or nearly 
parallel venation, or leaves much reduced. 
Stomata mostly diacytic, sometimes ano-
mocytic. Flowers small, mostly in brac-
teate spikes or heads, or solitary, without 
bracteoles, usually bisexual, but monoe-

cious in Littorella and gynomonoecious 
in Bougueria, actinomorphic, anemo-
philous or partly entomophilous, some-
times cleistogamous, 4-merous or rarely 
3-mcrous. Calyx membranous, lobed or 
cleft, sometimes abaxial segments more 
or less connate, imbricate. Corolla 
4-lobed or 4-dentate, rarely 3-lobed 
(Bougueria), lobes imbricate. Stamens 
usually four or rarely 1–2 (Bougueria); 
fi laments usually very long; anthers long-
exerted, dorsifi xed, versatile. Pollen 
grains 2–3-celled, 4–14-porate. 
Gynoecium of two carpels, with slender 
style and usually 2-lobed stigma; ovary 
superior, 2-locular, with 5–50, usually 
anatropous to hemitropous ovules in each 
locule, or (Bougueria and Littorella) 
1-locular with usually one basal ovule. 
Fruits membranous circumscissile cap-
sule (Plantago) or nutlike in persistent 
calyx. Seeds with straight or (Bougueria) 
curved embryo in copious translucent 
endosperm. Present aucubin and related 
iridoid glucosides, phenylethanoid gly-
cosides (Ronsted et al. 2003), alkaloids, 
terpenes and saponins, n = 4–6, 12.
  . . . . . . . . . . . . . . 12. plantaginaceae.
8 Seeds mostly with scanty endosperm 

(except some Acanthaceae-
Nelsonioideae and Nesogenaceae) or 
endospermless.
14 Seeds fl at, often alate with mem-

branous or corky wing. Trees, 
shrubs, or often woody lianas, 
rarely herbaceous vines (Tourretia) 
or erect perennial herbs (Argylia, 
Incarvillea, Niedzwedzkia); the 
twiners twining anticlockwise 
(Tecoma). Vessels usually with 
simple perforations, but in some 
genera some of them with reticulate 
or scalariform perforation plates 
that have numerous bars. Fibers 
with simple or bordered pits. Rays 
homogeneous to sometimes hetero-
geneous. Axial parenchyma mostly 
paratracheal. Nodes unilacunar, 
with three to several traces. Leaves 
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opposite or sometimes verticillate, 
rarely alternate, simple or more 
often pinnately compound or trifo-
liolate or palmately compound. 
Stomata anomocytic, paracytic, or 
diacytic (Kigelia). Infl orescences 
terminal to axillary, ramifl orous to 
caulifl orous cymes, or reduced to a 
single fl ower. Flowers mostly 
large, bracteate and bracteolate, 
5-merous. Calyx campanulate, 
lobed or toothed, sometimes bila-
biate (spathelike in Spathodea) or 
truncate, rarely calyptrate (Lundia 
spp.). Corolla campanulate or fun-
nelform, usually more or less 
strongly zygomorphic, sometimes 
bilabiate, lobes imbricate or rarely 
valvate. Stamens inserted near the 
base of the corolla tube, or mid-
way down the corolla tube, typi-
cally four in two pairs, the fi fth 
(adaxial) staminodial or absent, 
rarely all fi ve fertile (Oroxylum) or 
two fertile and three staminodial 
(Catalpa); anthers tetrasporangiate 
or disporangiate. Tapetum amoe-
boid. Pollen grains 2-celled, in 
monads, tetrads, or rarely polyads, 
3(-4)-colpate, 3(-4)-colporate, 
3-porate, zonocolpate, pericolpate 
and syncolpate. Annular or some-
times cupular intrastaminal nectary 
disc usually present. Gynoecium of 
two carpels; style with 2-lobed 
stigma; ovary superior, typically 
2-locular with two placentas per 
locule or sometimes 1-locular with 
two or four more or less intruded 
parietal placentas or rarely 
(Tourrettia) 4-locular with numer-
ous and usually anatropous ovules 
uniseriate in each locule. Ovules 
 numerous, ascending, anatropous, 
hemitropous, or orthotropous. 
Fruits septicidal or loculicidal, 
bivalved capsules, very often with a 
replum, or berries (in Crescentieae 
and Coleae). Seeds in capsular 

fruits usually fl at, winged; wings 
can be formed by fused capillary 
hairs or usually by a thin mem-
brance (Hesse and Morawetz 1980); 
seed coat exotestal (Corner 1976); 
embryo straight, with usually 
enlarged and more or less folia-
ceous cotyledons; endosperm 
wanting. Present iridoid glycosides, 
iridoid alkaloids, fl avonols, and 
fl avones, and also ursolic and shi-
kimic acids, n = 11, 14, 15, 18, 20.
. . . . . . . . . . . . . . 7. bignoniaceae.
14 Seeds not fl at and not winged. 

Herbs, subshrubs, or shrubs, 
rarely trees.

15 Style terminal or nearly so.
16 Calyx well developed.
17 Seeds with endo sperm. Perennial 

or annual herbs, rarely shrubs or 
subshrubs, with both simple and 
multicellular and usually also 
glandular hairs. Leaves decus-
sate, simple, entire to dentate or 
rarely deeply pinnatifi d, estipu-
late. Infl orescence axillary of 
one or more superposed cymes, 
the latter 1-several-fl owered or 
fl owers collected in spicate 
bracteate infl orescences; calyx 
(4-)5-lobed, accrescent; corolla 
sym petalous, slightly zygomor-
phic, unequ- ally 5-lobed, the 
lobes imbricate; stamens didy-
namous, inserted low down in 
the tube, included; anthers with 
small apical connective, open-
ing longitudinally. Pollen grains 
3-colpate. Ovary superior, 2-loc-
ular, ovule one per locule, anat-
ropous, axile at the base of the 
ovary. Fruit indehiscent, oblong-
ovoid, compressed, shallowly 
grooved between the two halves, 
pubescent around the thickened 
persistent base of the style; testa 
of the seeds foveolate, the fove-
oles arranged in longitudinal 
lines. . . . . . 27. nesogenaceae.
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17 Seeds without endosperm. Large 
scandent shrubs, sometimes stel-
late-tomentose. Young twigs 
quadrangular or terete. Leaves 
opposite, simple, entire or ser-
rate, or dentate, estipulate. 
Flowers sessile, in 3–7(-9)-fl ow-
ered capitate cymes, often aggre-
gate into large terminal or 
axillary panicles, each cyme 
with an involucre of more or 
less membranous, colored, per-
sistent bracts and bracteoles, 
bisexual, zygomorphic. Calyx 
4–5–8-toothed, more or less 
accrescent or infl ated in fruit, 
teeth open or scarcely valvate. 
Corolla 6–16(-18)-lobed, lobes 
subequal or bilabiate, imbricate. 
Stamens 4–16(-18), alternating 
with the corolla members. Pollen 
grains 2-celled, 3-colpate, tec-
tate-perforate or rugulose, rarely 
operculicolpate. Disc absent. 
Gynoecium of two carpels, with 
fi liform style and bifi d stigma; 
ovary superior, 2-locular (mor-
phologically), or 1-locular 
(above); locules partially sec-
ondarily divided by ‘false septa’, 
with two ovules pendulous from 
the free-central placenta. Fruits 
small, dry, indehiscent, 
1–4-seeded drupe, more or less 
included in the persistent calyx; 
embryo straight. n = 12, 14, 17, 
18.  . . . 8. symphoremataceae.

18 Plants usually woody.
19 Stamens usually four (the fi fth 

one staminodial or absent), 
inserted on the corolla, or 
reduced to two. Trees or shrubs, 
herbs, sometimes lianas, gla-
brous or pubescent, nonglandu-
lar trichomes usually unicellular. 
Vessels with simple, or occa-
sionally scalariform perforation. 
Nodes unilacunar, with 1-several 
traces. Leaves opposite or rarely 

verticillate or alternate, entire, 
simple or pinnately or palmately 
compound, lobed to dissected, 
sometimes much reduced, scale-
like, or spinose, estipulate. 
Stomata anomocytic or diacytic, 
rarely paracytic. Flowers in vari-
ous types of racemose infl ores-
cences, mainly cymose in the 
Viticoideae, often with involucre 
of colored bracts, mostly brac-
teolate, bisexual or rarely some 
of them unisexual (dioecious). 
Calyx 5(4)-lobed or toothed, 
sometimes zygomorphic. 
Corolla mostly 5-lobed, with 
imbricate lobes, mostly more or 
less zygomorphic, sometimes 
bilabiate, often with narrow tube, 
rarely campanulate. Anthers 
2- locular, basifi xed or dorsifi xed. 
Pollen grains with the thickening 
of the exine immediately adja-
cent to the colpi or pores, 3-col-
pate or more often 3-colporate, 
sometimes 4-colporate, rarely 
3-pororate or 3-porate, tectate-
perforate and without supratectal 
processes, psilate or irregularly 
rough. Gynoecium of two or 
rarely (Duranta) four carpels; 
style with usually lobed stigma 
and with prominent stigmatoid 
tissue; ovary usually initially 
2-locular but later commonly 
subdivided by intrusion of parti-
tions from the carpellary midribs 
into four uniovulate locelli; 
rarely the anterior or superior 
carpel suppressed. Ovules 1–2 
per locule, erect or rarely pendu-
lous, mostly anatropous. Fruits 
drupaceous with two or four 
pyrenes or often of 1-seeded, 
separating, nutlike mericarps. 
Seeds with straight, oily embryo; 
endosperm mostly wanting; 
seed coat consists of several lay-
ers of thin-walled cells. Usually 
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producing iridoid compounds 
and often the phenolic glycoside 
orobanchin, less often alkaloids, 
contain ethereal oils, n = 5, 7, 
10–12, 15–20, 22–26, 30.
. . . . . . . . . . . 24. verbenaceae.

19 Stamens 5–6, attached to the 
corolla tube and alternating 
with corolla lobes, unequal. 
Evergreen small trees or shrubs 
with two types of hairs: simple, 
unicellular trichomes fi lled with 
calcium carbonate and accom-
panied by cystoliths in the adja-
cent epidermal cells at the base, 
and bicellular, club-shaped glan-
dular hairs. Vessels with simple 
perforations. Leaves opposite or 
subverticillate, small, leathery, 
simple entire, and sometimes 
emarginate, estipulate. Stomata 
anomocytic. Flowers axillary, in 
1–7-fl owered congested racemes 
or dichasia, often reduced to 
only 1–2 fl owers, bisexual, but 
functionally unisexual, dioe-
cious, slightly zygomorphic. 
Calyx small, 5–6-partite, imbri-
cate or open, persistent. Corolla 
5–6-lobed, tube broadly funnel-
shaped, lobes imbricate. Anthers 
basifi xed, introrse to extrorse, 2- 
or 4-celled. Pollen grains 3-col-
porate, reticulate, with long 
columellae and smooth colpus 
membrane. Nectariferous disc 
presents at the base of ovary in 
female fl owers. Gynoecium of 
two united carpels; ovary supe-
rior, 1-locular, shortly stipitate, 
with two parietal placentas, the 
placentas bearing either one 
basal erect ovule each, two basal 
ovules each, or two basal ovules 
on one and two subapical, 
ascending or pendulous ovules 
on the other. Fruits elongated, 
many-ribbed, and sulcate, 
1–4-seeded capsule, 2-valved 

from the apex. Seeds long-lin-
ear, with a dense tuft of hairs at 
the apex; embryo straight, lin-
ear, almost fi lling the seed; 
endosperm very thin, fl eshy. 
Colleters absent. Producing qui-
nol glycoside cornoside and two 
compounds (lugrandoside and 
echinacoside) belonging to ver-
bascoside group, but lack iri-
doids.  9. plocospermataceae.

18 Perennial, erect herbs from short, 
vertical rhizome, non-aromatic, 
with simple hairs. Young stems 
tetragonal. Nodes unilacunar, 
with three traces. Leaves oppo-
site, entire, coarsely dentate. 
Stomata anomocytic, sometimes 
anisocytic. Flowers in elongate, 
narrow terminal and axillary 
slender spikes, bracteate, small, 
zygomorphic, bisexual, bracte-
ate, 5-merous. Calyx tubular, 
5-toothed, the dorsal teeth 
becoming spinose and hooked in 
fruit, two ventral teeth 
unchanged. Corolla tubular, bila-
biate, purple or blue. Stamens 
four, inserted midway down the 
corolla tube to in the throat of the 
corolla tude, didynamous; fi la-
ments glabrous; anthers subreni-
form. Pollen grains 3-celled, 
tricolpate. Gynoecium of two 
carpels, pseudo-monomerous 
(the abaxial carpel is sup-
pressed); style with 2-lobed 
stigma, without persistent stig-
matoid tissue; ovary oblique, 
1-locular, with subbasal, erect, 
orthotropous ovule; endosperm 
haustoria chalazal. Fruits 
1-seeded achenes enclosed in 
the persistent accrescent calyx, 
the testa adnate to the membra-
nous pericarp; seed coat vesti-
gial, embryo oblong, endosperm 
scanty, consists of only two lay-
ers of cells, cotyledons convo-
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lute. Iridoids detected, n = 7, 14.
. . . . . . . . . .25. phrymataceae.

16 Calyx absent or reduced to a 
minute disc-like rim (in 
Cyclocheilon physocalyx), its 
function taken over by two 
bracteoles. Shrubs or subshrubs 
with red roots (?) and simple 
and glandular hairs. Leaves 
opposite or subopposite, simple, 
entire, estipulate. Flowers soli-
tary on bracteate axillary pedi-
cels, bisexual; bracteoles 
lateral, membranous, more or 
less free or joined, fl at or con-
vex and winged, their margins 
closely adpressed and enclos-
ing the bud, accrescent. 
Corolla obliquely funnel-
shaped, 5-lobed, lobes broad, 
imbricate. Stamens four, didy-
namous; fi laments long-pilose, 
inserted on corolla tube; anthers 
with a short connective. Pollen 
grains 3-, rarely 4-colpate, tec-
tum very fi nely perforate-rugu-
late. Gynoecium of two carpels; 
style curved, with lingulate 
stigma; ovary compressed, 
completely or incompletely 
2-locular or 1-locular, with 
2–10 ovules on long funicles; 
placentation axile or parietal. 
Fruits very strongly com-
pressed discoid 1-locular cap-
sules with loculicidal 
dehiscence (Cyclocheilon) or 
breaking up into two 1-seeded 
mericarps (Asepalum). Seeds 
without endosperm. . . . . . . . .
26. cyclocheilaceae.

15 Style mostly gynobasic. 
Perennial or annual herbs, sub-
shrubs, shrubs (sometimes eri-
coid), or less often trees, rarely 
woody climbers, mostly aro-
matic. Stems erect to prostrate, 
sometimes forming stolons or 
large or slender rhizomes; 

young stems and twigs  usually 
quadrangular. Indumentum of 
glandular and non-glandular 
trichomes, rarely scale-like, 
dendroid or stellate. Leaves 
opposite or sometimes verticil-
late, very rarely alternate, dis-
sected or entire, simple or 
occasionally pinnately com-
pound, stipulate or  estipulate. 
Stomata mostly diacytic. 
Infl orescences of various types, 
mostly composed of small, 
compact, axillary cymes that 
form a verticillaster at each 
node, or  sometimes the axillary 
cymes reduced to single fl ow-
ers; fl owers mostly bracteolate, 
bisexual or sometimes unisex-
ual, more or less strongly zygo-
morphic. Calyx 2- (e.g. 
Prostanthera), or 3- (in 
Melittis), or 4- (e.g. Preslia) 
lobed, but basically 5-lobed or 
dentate, tubular or more or less 
bilabiate, seldom more or less 
actinomorphic with four lobes, 
as in Mentha (one lobe repre-
senting two connate lobes), 
imbricate, persistent. Corolla 
limb 5- or rarely 4-lobed, 
mostly bilabiate, imbricate. 
Stamens two or four, usually 
didynamous, sometimes the 
upper (posterior) pair stamino-
dial, rarely the lower pair ster-
ile (Mosla); fi laments inserted 
near the base of the corolla 
tube, or midway down the 
corolla tube, or in the throat of 
the corolla tube, and sometimes 
the pairs attached at different 
levels; anthers 1–2-locular, 
basifi xed or dorsifi xed, introrse, 
opening longitudinally or 
rarely by apical pores; the con-
nective often much developed. 
Pollen grains 2- or 3-celled, 
3(4)-colpate or 6(-12)-colpate, 
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mostly suprareticulate, colpal 
membrane mostly without 
ectexine elements. 
Intrastaminal nectary disc usu-
ally prominent, often devel-
oped on anterior side only. 
Gynoecium of two carpels, 
sometimes on gynophore; style 
with 2-lobed stigma; ovary 
4-lobed, fundamentally 2-locu-
lar, but early in development a 
constriction appears in the 
ovary in the antero-posterior 
plane, longitudinally dividing 
each carpel in half, so that the 
ovary becomes divided into 
four more or less distinct seg-
ments united by gynobasic 
style. Ovules two per locule, or 
solitary in each of four ovary 
lobes, basal-axile, usually 
 anatropous to hemianatropous, 
erect, often with  funicular 
obturator and usually with 
endothelium; endosperm haus-
toria usually chalazal and 
micropylar, the latter aggres-
sive. Fruits of (1-)4 one-seeded, 
nutlike mericarps with a hard 
pericarp or rarely mericarps 
with a fl eshy pericarp, rarely 
druplets (Stenogyne, 
Gomphostemma, Prasium). 
Seeds with straight or rarely 
bent (Catoferia, Scutellaria), 
or slightly curved embryo; the 
radicle directed downward; 
endosperm wanting or scant, 
fl eshy endosperm often 
absorbed by the developing 
embryo. Characterized by very 
broad spectrum of isoprenoid 
compounds, caffeic acids 
derivatives and apigenin- and 
luteolin-derived fl avonoids and 
by the replacement of starch 
accumulation in perennial parts 
by oligo-saccharidcs; store 
mainly oils rich in linolic or 

linoleic acids in their starch-
free seeds; true tannins and 
alkaloids are lacking; iridoids 
present or absent, n = 5–11, 13, 
15, 17, 19, rarely up to 120 
(Salvia ombrophila – Harley 
et al. 2004). . . 29. lamiaceae.

20 Plants characterized by muci-
lage trichomes with very 
shortly stalked heads com-
posed of four or more cells, the 
latter being convexly arched 
outward from the apex of the 
stalks, and the lamina almost 
completely fi lled with muci-
lage. Fruits very often with 
hooks or horns or prickles, or 
sometimes winged.

21 Plants terrestrial. Ovary 
superior.

22 Flowers mostly with character-
istic glands (extrafl oral necta-
ries) representing abortive 
fl owers axillary to as many 
bracts at the base of the pedi-
cel. Perennial or annular herbs, 
rarely shrubs or small trees, 
covered by mucilage-produc-
ing glandular hairs. Leaves 
opposite, the upper ones alter-
nate, simple, entire, dentate or 
lobed, estipulate. Stomata ano-
mocytic, anisocytic, or dicytic 
and paracytic. Flowers solitary 
or in terminal cymes (usually 
3-fl owered), bisexual, zygo-
morphic, 5-merous. Sepals 
more or less united. Corolla 
often with oblique limb, lobes 
imbricate. Stamens four, 
inserted near the base of the 
corolla tube, and generally 
paired, with small, subulate 
staminodium in place of the 
fi fth (posterior) one; anthers 
often connivent or contiguous 
in pairs. Pollen grains 
2-celled, 5–13 zonocolpate. 
Intrastaminal, fl eshy nectary 
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disc present. Gynoecium of 
two carpels, with long style 
and 2-lobed stigma; ovary 
2–4-locular or apparently 
1-locular, often with false 
septa; ovules one (Josephinia), 
or two to many in each  locule, 
pendulous, or horizontal, or 
ascending,  anatropous. Fruits 
loculicidal carpels or nuts, 
often with horns or hooks. 
Seeds winged or not, testa mul-
tiplicative,  exotestal cells pali-
sade or otherwise thickened, 
mesotesta with crystals; 
embryo straight, endosperm 
scanty or absent. Contain iri-
doids, fl avone glycoside, ver-
bascoisede-type compounds, n 
= 8, 13, 16.  .15. pedaliaceae.

22 Flowers without extrafl oral 
nectaries. Perennial or annual 
herbs, erect to prostrate, often 
with tuberous roots. Arial parts 
covered with glandular-viscid 
trichomes. Leaves opposite or 
alternate, petiolate, simple, 
sticky, entire to sinuate or 
almost lobed. Stomata anomo-
cytic or anisocytic, paracytic 
and diacytic. Flowers in termi-
nal racemes, bisexual, zygo-
morphic. Sepals fi ve, nearly 
free or partly united, some-
times spathaceous. Corolla 
5-lobed, lobes imbricate. 
Fertile stamens four in two 
pairs (the fi fth reduced to a sta-
minodium) or less often 
(Martynia) two (anterior ones); 
anthers connivent, tetrasporan-
giate, opening longitudinally. 
Pollen grains not colpate, retic-
ulate (Martynia), areolate 
(Proboscidea and Ibicella), 
and “ringlike” (Craniolaria); 
exine dissected into 20–40 
platelets. Intrastaminal nectary 
disc glandular. Gynoecium of 

two carpels, with long style and 
2-lobed stigma; ovary 1-locular 
with two massive parietal 
T-shaped placentas divided into 
two divaricate lobes ovules few 
to numerous, anatropous. Fruits 
usually hooked at the end or 
horned, loculicidal after the 
separation of a soft, deciduous 
exocarp, mesocarp more or 
less fl eshy, falling off, endo-
carp wood. Seeds with straight 
embryo and scanty endosperm. 
Contain iridoids, flavone 
glycosides and verbascoside-
type compounds, n = 15, 16.
. . . . . . . . . 16. martyniaceae.

21 Plants aquatic. Ovary inferior. 
Perennial herbs with creeping 
rhizomes and more or less 
fl oating,  elongate slender 
stems. Leaves opposite, dimor-
phic, the submerged ones 
oblong, remotely serrate, the 
upper (fl oating) deltoid-rotun-
date or reniform-cordate, 
 crenate. Both side of the leaves 
covered by glandular hairs. 
Stomata anomocytic, exclu-
sively occur on the upper face 
of the fl oating leaves. Flowers 
solitary,  axillary, on slender 
pedicels, bisexual, zygomor-
phic, chasmogamous from 
fl oating leaves, cleistogamous 
from submerged leaves. Calyx 
5-lobed, imbricate,  persistent, 
with fi ve hornlike appendages 
near the apex, these elongate 
after anthesis. Corolla tubular, 
5-lobed, slightly bilabiate, 
imbricate. Two posterior sta-
mens fertile, the other two sta-
minodial; fi laments fi liform; 
anthers on large peltate con-
nective, included. Pollen grains 
3-zonocolpate. Gynoecium of 
two carpels, with slender style 
and dilated, shortly 2-lobed 
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stigma; ovary 2-locular, poste-
rior locule fertile, with two 
pendulous, anatropous ovules, 
the anterior one abortive and 
empty. Fruits narrow-elongate, 
1-seeded, indehiscent, crowned 
with fi ve spreading, rigid 
appendages below the calyx, 
subulate and spinose. Seeds 
linear, 4-ridged; seed coat exot-
estal (Singh 1960); embryo 
straight, endosperm scanty. n = 
ca. 25.  . . . 17. Trapellaceae.

20 Plants without mucilage 
trichomes.

23 Plants characterized by scat-
tered secretory cavities lined 
with epithelium, which occur 
in the leaves and in the primary 
cortex and/ or pith of the axis. 
Shrubs or sometimes small 
trees, often with lepidote or 
plumose indumentum or with 
gland-tipped hairs. Nodes uni-
lacunar, internal phloem 
absent; primary vascular tis-
sue centrifugal. Leaves alter-
nate or seldom opposite, entire 
or dentate, often more or less 
leathery, petiolate to sessile, 
often (when secretory cavities 
large) with pellucid or raised 
dots. Flowers in small axillary 
cymes or solitary in the axils, 
bisexual. Sepals fi ve, connate, 
lobes imbricate or open. 
Corolla from essentially acti-
nomorphic (as in Myoporum) 
to strongly zygomorphic (as in 
Bontia), often bilabiate, lobes 
imbricate. Stamens mostly 
four (the fi fth posterior repre-
sented by a staminodium or 
absent) or rarely fi ve. Anthers 
connivent or separate, introrse, 
confl uent at apex, opening 
with longitudinal slits or trans-
versely. Pollen grains 2–4-col-
porate, often with two pores in 

each colpus. Gynoecium of 
two carpels, with terminal, 
sometimes impressed style 
and simple stigma; ovary supe-
rior, 2-locular, rarely 4-locu-
lar, with (1)2 anatropous 
ovules pendulous near the 
summit of the partition in each 
locule, or 4–8 ovules per loc-
ule, superposed in pairs, or the 
locules subdivided into 4–10 
uniovulate compartments. 
Fruits indehiscent drupaceous 
or separating into 1-seeded, 
drupe-like segments, the 
exocarp dry and papery and 
separable from the thin carti-
laginous or thickened endo-
carp by mesocarp (Henrickson 
and Flyr 1985). Seeds 
unwinged or rarely (Androya) 
winged, with more or less 
straight embryo; endosperm 
scanty or lacking. Contain iridoid 
and verbascosides, n = 17, 18.
  . . . . . . . . .18. myoporaceae.

23 Plants without scattered secre-
tory cells. Lamina without 
secretory cavities. Internal 
phloem present, or absent.

24 Flowers ebracteate and mostly 
without bracteoles. Perennial 
suffrutescent herbs or shrubs, 
decumbent to ascending, or 
erect, glabrous or more often 
leaves and branchlets provided 
with short, glandular, and long, 
multicellular and usually nong-
landular hairs. Internal phloem 
present; primary vascular tis-
sue bicollateral. Leaves oppo-
site, sometimes alternate above, 
simple, lanceolate to ovoid, 
acuminate, dentate to serrate, 
not gland-dotted. Stomata ano-
mocytic. Flowers in the axil of 
the upper leaves, subsessile or 
with short pedicels, solitary, 
bisexual, zygomorphic. Calyx 
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deeply and almost regularly 
5-lobed, persistent, lobes are 
covered with glandular hairs. 
Corolla with rather narrow 
cylindrical tube and fi ve lobes 
that overlap in bud; corolla 
tube glabrous or often shortly 
glandular and puberulous on 
the outer side, and closely cov-
ered with hairs pointing for-
ward on the upper half of the 
inner side. Stamens four 
inserted on the corolla tube; 
fi laments short and slender; 
anthers comparatively large. 
Pollen grains 4-colporate, 
foveolate, with small perfora-
tions. Gynoecium of two car-
pels; style short, with the 
stigma directed upward; ovary 
2-locular, with 4(-6) ovules per 
locule, pendulous from the 
upper part of the septum. Fruits 
2-locular (or by abortion 1-loc-
ular)  globose drupes with one 
pyrene and extremely hard, 
thick inner walls. Seeds with 
stout, clavate funicle and hard, 
black testa; endosperm want-
ing, n = 19.  . . .19. oftiaceae.

24 Flowers bracteate and 
bracteolate.

25 Ovules anatropous to campy-
lotropous, each with a more or 
less strongly modifi ed funicu-
lus. Mostly perennial herbs, 
subshrubs, and shrubs, rarely 
trees, very diverse in habit, 
including lianas, xerophytes, 
and aquatics (even mangrove 
Acanthus ilicifolius). Provided 
with various types of trichomes. 
Internal phloem present, or 
absent. Leaves usually well 
developed or much reduced, 
opposite or (Nelsonioideae) 
alternate, entire or pinnately 
lobed, gland-dotted or not gland-
dotted, simple. Cystoliths very 

commonly present, showing as 
streaks in the lamina. Stomata 
always almost diacytic. Flowers 
in various kinds of cymose or 
less often racemose infl ores-
cences or sometimes solitary, 
the bracts and bracteoles often 
showy, bisexual. Calyx more or 
less deeply (4)5–16-lobed, or 
lobes sometimes much reduced 
(as in Thunbergia), lobes imbri-
cate or valvate, or contorted, or 
open in bud. Corolla more or 
less zygomorphic, usually typi-
cally 5-lobed and usually bila-
biate (upper lip sometimes not 
developed, as in Acanthus), 
lobes imbricate or contorted. 
Stamens usually four or two 
and paired (upper stamens rep-
resented by staminodia), rarely 
all fi ve stamens fertile 
(Pentstemona-canthus). Anthers 
separate from one another, or 
connivent, dorsifi xed, often with 
one lobe reduced or abortive, 
unilocular to bilocular. Pollen 
monosiphonous, shed as single 
grains. Pollen grains 3-colpate, 
or porate, or colporate, or foram-
inate; 2-celled, or 3-celled. 
Annular or glandular intrastami-
nal disc usually present. 
Gynoecium of two carpels, with 
slender style and 2-lobed and 
variously shaped (often funnel-
form) stigma; ovary superior, 
usually 2-locular, with two or 
more (in Nelsonioideae more or 
less numerous) ovules per loc-
ule on each intruded parietal 
placenta. Fruits usually loculi-
cidal, explosive capsules or 
(Mendoncieae) drupes. Seeds 
with large, straight, or more or 
less curved embryo and usually 
without endosperm, but in 
Nelsonioideae endosperm more 
or less well developed, oily, and 
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ruminate; in many genera seeds 
with often hook-like funicular 
 projection (retinaculum or jacu-
lator). Iridoids detected, alka-
loids present or absent; fl avonols, 
when present, kaempferol and 
quercetin; n = 7–21.. . . . . . . . . .
20. acanthaceae.

25 Ovules orthotropous to hemi-
anatropous. Trees or shrubs of 
tropical coasts with pneumato-
phores. Branchlets and twigs 
with jointed appearance from 
swollen nodes. Secondary thick-
ening anomalous. Intraxylary 
phloem present. Axial paren-
chyma apotracheal. Nodes trila-
cunar with three traces. Leaves 
opposite (decussate), entire, 
coriaceous, leathery; simple, 
estipulate, with salt glands on 
both sides. Stomata diacytic. 
Flowers sessile, in terminal or 
axillary pubescent spicate or 
subcapitate infl orescences, 
subtended by a single bracts 
and a pair of bracteoles, small, 
bisexual, actinomorphic. Calyx 
cup-shaped, deeply 5-lobed, 
lobes imbricate. Corolla acti-
nomorphic or variously zygo-
morphic, campanulate-rotate, 
4(5–6)-lobed, rotate or campan-
ulate, yellow, lobes imbricate. 
Nectary disc inconspicuous. 
Stamens mostly four, equal or 
subdidynamous, inserted in the 
throat of the corolla tube; 
anthers sessile. Pollen grains 
3-colporate, tectate-perforate 
to microreticulate, psilate, col-
pal membrane granular. 
Gynoecium of two carpels; 
style with bifi d stigma; ovary 
superior, 2-locular; locules 
partially secondarily divided 
by false septa, with a free-cen-
tral more or less winged pla-
centa; ovules two per locule 

(one per locellus), hanging 
from tip of central placenta, 
orthotropous to hemianatro-
pous, unitegmic, but with 
incomplete growth of the integ-
ument, which does not form a 
micropyle; endosperm hausto-
ria chalazal and micropylar. 
Endothelium wanting. Fruits 
compressed capsule dehiscent 
by two thick, leathery valves, 
by abortion regularly 1-seeded, 
bracteoles and sepals persis-
tent. Seeds imperfectly covered 
by its testa, with viviparous, 
green embryo; cotyledons 
folded around the plumular 
axis, radicle fully or partly 
hairy, endosperm lacking. 
Contain iridoid glycosides, n = 
18, 32. . . .21. avicenniaceae.

7 Plants insectivorous.
26 Flowers actinomorphic, nectary 

spur absent. Evergreen shrubs, 
subshrubs or perennial insectiv-
orous herbs with woody rhizome 
bearing in any one season the 
dying parts of the previous and 
the growing ones of the present 
season. Trapping mechanism 
passive. Indumentum consists of 
numerous glands of two types – 
sessile and stalked; the stalked 
glands, which are found even 
on the ovary wall, have a muci-
laginous head of usually 32 
cells radiating from the center 
and standing out like an 
umbrella top; the apex of the 
stalked head traps small insects, 
while the sessile glands digest 
them. The glands closely 
resemble those of Pinguicula 
in the Lentibulariaceae (Conran 
and Carolin 2004). Vessels 
mostly with simple  perforations, 
but scalariform perforations 
with 1–3 bars are also found; 
Byblis gigantean has unusual, 
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narrow,  tracheid-like vessels; 
lateral pitting alternate. Fibers 
consisting of true tracheids. 
Rays mostly biseriate or triseri-
ate, composed of erect cells and 
very few are square. Axial 
parenchyma sparse, diffuse. 
Sieve-element plastids of 
Ss-type. Nodes unilacunar with 
one or three traces. Leaves alter-
nate, elongate linear, terete or 
fi liform, crowded, circinate in 
vernation, estipulate. Stomata 
paracytic. Flowers solitary in 
the axils of leaves, bisexual, 
ebracteolate, 5-merous (except 
 gynoecium). Sepals imbricate, 
basally connate,  persistent. 
Petals imbricate or contorted, 
basally shortly connate, broad-
cuneate, apically fi mbriate, or 
entire (B. gigantea). Stamens 
fi ve, alternipetalous, inserted at 
the base of petals or free, often 
declinate; fi laments short, subu-
late; anthers basifi xed, tetraspo-
rangiate, introrse, bilocular, 
opening by apical pore or very 
short, porelike slit, with a glan-
dular binucleate tapetum. Pollen 
grains 2-celled, 3–4- colpate, 
3-colporate, or 4-, or 6-rugate. 
Gynoecium of two united car-
pels, with elongate, fi liform 
style and capitate or oblong 
stigma; ovary superior and as a 
result of the fusion of two pari-
etal placentas 2-locular, with 
10–50 ovules per locule. Ovules 
pendulous, anatropous, uniteg-
mic,  tenuinucellate, with 
endothelium. Endosperm cellu-
lar, with both chalazal and 
micropylar haustoria. Fruits 
2-locular, 2–4-valved, loculi-
cidal, smooth capsules with 
many seeds. Seeds small, with 
coarsely verrucose testa, 
straight, elongate, and thin, lin-

ear embryo with small but 
differentiated cotyledons, sur-
rounded by copious, starchy 
endosperm, occasionally with 
 deposits of calcium oxalate; 
seed coat consists of 2–3 lay-
ers of cells of pachytesta. 
Iridoids present, but iridoid 
type is unknown, n = 7, 8,
. . . . . . . . . 9. 22. byblidaceae.

26 Flowers zygomorphic, nectary 
spur present. Insectivorous herbs 
found in water or other wet habi-
tats, occasionally epiphytic, 
rooted in the substrate or rootless 
and free-fl oating with the photo-
synthetic organs submerged. 
Trapping mechanism active or 
passive. Provided with stalked 
and/or sessile glands. Stem in 
Utricularia bearing bladders 
with a trap mechanism capturing 
small animals. Nodes unilacu-
nar. Leaves alternate, linear to 
broadly ovate, entire, estipulate, 
in basal rosettes in Pinguicula 
and Genlisea, which has also 
tubular trap-leaves arising sepa-
rately from the rhizome. Stomata 
diacytic or rarely anomocytic or 
anisocytic, sometimes absent. 
Flowers in a bracteate raceme 
(rarely 1-fl owered) or solitary on 
a bractless scape (Pinguicula), 
bisexual. Calyx equally 4–5-
lobed or more or less 2-cleft, 
persistent, imbricate or open in 
bud. Corolla bilabiate or more or 
less 5-lobed, lobes imbricate, the 
lower lip basally more or less 
spurred or saccate. Stamens two 
(anterior pair), inserted near the 
base of the corolla tube; anthers 
connivent, dorsifi xed, unilocular 
or 2-locular. Pollen grains 
3–4-colporate or multicolporate, 
in tetrads or in spiroapertutate 
monads. Nectary disc absent. 
Gynoecium of two carpels with 
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more or less sessile, unequally 
2-lobed stigma; ovary 1-locular, 
superior, with free-central pla-
centa and usually anatropous, 
usually numerous (two in 
Utricularia subgenus Biovularia) 
ovules. Fruits usually capsules 
opening by 2–4 valves or irregu-
larly or circumscissile, in subge-
nus Biovularia of the genus 
Utricularia indehiscent and 
1-seeded. Seeds small, exotestal 
cells variously thickened; 
embryo green, scarcely differen-
tiated, endosperm absent. 
Contain iridoid glycosids (glob-
ularin, globulariscin, scutellari-
osid, aucubin, etc.), fl avones, 
p-cumarid and rarely caffeic 
acid, n = 7–16, 21–24, 32 
(Pinguicula). . . . . . . . . . . . . . . . .
. . . . . . .22. lentibulariaceae.

1. BUDDLEJACEAE

K. Wilhelm 1910. 5/c.100. Tropical, subtropical, and 
warm-temperate regions of Africa, America, and Asia. 
Emorya (1) from Texas to northern Mexico; Nicodemia – 
Madagascar.

Gomphostigma, Buddleja, Nicodemia, Emorya, 
Chilianthus

Show many similarities with the Loganiaceae, but dif-
fer from them in the absence of true stipules (only “auric-
ulae”) and of intraxylary phloem, in glandular, stellate, or 
lepidite indumentum, and chemically (Buddleja has been 
reported to contain an iridoid group typical of Lamiales, 
but not of Rubiales, see Jensen [2000]). In general the 
Buddlejaceae are nearer to the Scrophulariaceae than to 
the Rubiales (Wagenitz 1959; Takhtajan 1966, 1980, 
1987, 1997; Punt and Leenhouts 1967; Cronquist 1981, 
1988; Dahlgren 1980, 1983, 1989). This is supported by 
serological studies (Piechura fi de Cronquist 1981: 947), 
embryology, anatomy, and molecular date.

2. POLYPREMACEAE

L. Watson ex Doweld et Reveal 2007. 1/1. Southern USA, 
Mexico, Central and South America, West Indies.

Polypremum
Related to the Buddlejaceae, but differ in regard to 

the absence of endosperm haustoria, early develop-
ment of the proembryo, and a chromosome number 
(Wagstaff 2004).

3. TETRACHONDRACEAE

Wettstein 1924. 1/2. New Zealand and Patagonia and 
Tierra del Fuego.

Tetrachondra
Tetrachondra is a reduced and rather isolated plant 

with uncertain affi nity.

4. CALCEOLARIACEAE

Olmstead 2001. 3/307. Tropical and Western temper-
ate South America, Brazil, also New Zealand (some 
Jovellana).

Calceolaria, Jovellana, Stemotria (including 
Porodittia)

Related to the Gesneriaceae (see Weber 1972, 1982, 
Andersson and Molau 1980).

5. STILBACEAE

Kunth 1831 (including Retziaceae Bartling 1830). 
7/28. Cape Province of South Africa; Nuxia (15): 
southern Arabia to tropical Africa, Mascarenes, and 
South Africa.

5.1 NUXIOIDEAE
Stamens four. Shrubs or trees. Leaves opposite, rarely 
alternate, with stipular ring. Flowers 4-merous, in thyr-
soid infl orescence, either solitary on terminal branches 
or aggregated into compact heads. Ovary 2-locular; 
ovules numerous in each locule, n = 19. – Nuxia.

5.2 STILBOIDEAE
Stamens four. Shrubs or shrublets. Flowers 5-merous, 
entomophilous, in dense terminal spikes. Ovary 
2- locular, but one locule always empty, septum between 
locules sometimes incomplete; fertile locule with two 
basal-axile, erect ovules. – Campylostachys, 
Euthystachys, Kogelbergia, Tesmophora, Stilbe 
(including Xeroplana and Eurylobium).
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5.3 RETZIOIDEAE
Stamens fi ve, rarely six or seven. Monopodially 
branched shrubs. Flowers ornithophilous, on very short 
axillary shoots. Ovary basally 2-locular but apically 
1-locular, the septum not reaching beyond the placenta, 
this situated centrally a little more than halfway up the 
locules. Ovules 2–3, each locule with one ascending 
and 1–2 pendulous ovules, n = 12. – Retzia.

Have similarities with both Scrophulariaceae – 
Manuleae and also with Buddlejaceae (Nuxia is some-
times included in Buddlejaceae).

6. SCROPHULARIACEAE

A.L. de Jussieu 1789 (including Aeginetiaceae Livera 
1927, Antirrhinaceae Persoon 1807, Aragoaceae D. 
Don 1835, Buchneraceae Lilja 1870, Calceolariaceae 
Raf. ex Olmstead 2001, Caprariaceae Martynov 1820, 
Chelonaceae Martynov 1820, Digitalidaceae Martynov 
1820, Ellisiophyllaceae Honda 1930, Erinaceae Duvau 
ex Pfeiffer 1874, Euphrasiaceae Martynov 1820, 
Gratiolaceae Martynov 1820, Hebenstreitiaceae 
Horaninow 1834, Hemimeridaceae Doweld 2001, 
Limosellaceae J.G. Agardh 1858, Linariaceae 
Martynov 1820, Lindenbergiaceae Doweld 2001, 
Linderniaceae Borsch, K Müller, et Eb. Fischer 2004, 
Melampyraceae Hooker and Lindley 1821, 
Orobanchaceae Ventenat 1799, Oxycladaceae 
Schnizlein 1857–1870, Paulowniaceae Nakai 1949, 
Pediculariaceae A.L. de Jussieu 1789, Phelypaeaceae 
Horaninow 1834, Rhinanthaceae Ventenat 1799, 
Schlegeliaceae Reveal 1996, Selaginaceae Choisy 
1823, Sibthorpiaceae D. Don 1835, Verbascaceae 
Rafi nesque 1821, Veronicaceae Cassel 1817). c.300–
310/5000. Cosmopolitan, but more abundant in tem-
perate regions (especially in the Northern Hemisphere) 
and in tropical mountains.

6.1 SCROPHULARIOIDEAE
The two posterior corolla lobes covering the lateral 
lobes in bud. Placentation basically axile. Mostly auto-
trophic plants. – verbasceae: Verbascum (including 
Celsia, Staurophragma), Rhabdotosperma; scrophu-
larieae: Nathalliella, Oreosolen, Scrophularia 
(including Tuerckheimocharis), Antherothamnus; 
ALONSOEAE: Alonsoa, Charadrophila; hemimeri-
deae: Basistemon, Diascia, Hemimeris, Diclis, 
Nemesia, Colpias; russelieae: Russelia, Amero-
glossum, Dermatobotrys; teedieae: Ranopisoa, 

Teedia; freylinieae: Phygelius, Freylinia; leu-
cophylleae: Eremogeton, Leucophyllum (including 
Faxonanthus); aptosimeae: Anticharis, Aptosimum, 
Peliostomum; manuleeae: Barthlottia, Manuleopsis, 
Jamesbrittenia, Lyperia, Sutera (including Chaeno-
stoma, Sphenandra), Manulea, Melano spermum, 
Polycarena, Glekia, Trieenea, Phyllopodium, 
Zaluzianskya, Reyemia, Glumicalyx, Strobilopsis, 
Tetraselago, Globulariopsis, Microdon (including 
Agathelpis), Gosela, Cromidon, Selago (including 
Walafrida), Pseudoselago, Chenopodiopsis, Dis-
chisma, Hebenstretia, ? Camptoloma; schlegelieae: 
Gibsoniothamnus, Schlegelia, Synapsis, Exarata; 
 paulownieae: Paulownia (including Shiuyinghua); 
wightieae: Brandisia, Wightia; cheloneae: 
Chelone, Nothochelone, Chionophila (including 
Penstemonopsis), Keckiella, Pennellianthus, Pen-
stemon, Tetranema, Uroskinnera; collinsieae: 
Collinsia, Tonella; antirrhineae: Anarrhinum, 
Kickxia (including Elatinoides), Linaria, Cymbalaria, 
Asarina, Maurandella, Rhodochiton, Lophospermum, 
Pseudorontium, Schweinfurthia, Antirrhinum, Pseudo-
misopates, Misopates, Acanthorrhinum, Howelliella, 
Neogarrhinum, Sairocarpus, Mohavea, Galvezia, 
Chaenorrhinum, Albraunia, Holzneria, Nanorrhi-
num (including Pogonorrhinum), Nuttallanthus, 
Maurandya, Epixiphium, Mabrya, Holmgrenanthe, 
Gambelia; angelonieae: Angelonia, Monopera; 
gratioleae: Amphianthus, Bacopa (including 
Moniera, Herpestis, Hydranthelium, Ildefonsia, 
Geochorda, Monocardia, Ancistrostylis, Sinobacopa), 
Maeviella, Boelckea, Benjaminia, Braunblanquetia, 
Sophronanthe, Gratiola (including Fonkia, Tragiola), 
Mecardonia, Scoparia, Capraria, Deinostema, 
Dopatrium, Hydrotriche, Limnophila, Philcoxia; limo-
selleae: Limosella; stemodieae: Lindenbergia 
(including Omania), Adenosma, Otacanthus, 
Achetaria, Tetraulacium, Dizygostemon, Stemodia 
(including Poarium), Cheilophyllum, Morgania, 
Schistophragma, Conobea, Leucospora, Schizosepala, 
Stemodiopsis; lindernieae: Artanema, Picria, 
Pierranthus, Schizotorenia, Legazpia, Torenia, 
Scolophyllum, Hemiarrhena, Hamaegigas, Lindernia 
(including Vandellia, Ilysanthes, Trichotaenia), 
Craterostigma, Crepidorhopalon, Hartliella, Bampsia; 
melospermeae: Monttea, Melosperma. microcar-
peae: Micranthemum (including Amphyolanthus, 
Hemisiphonia), Hemianthus, Microcarpaea, Elacho-
loma, Peplidium, Encopella, Psammetes, Dintera, 
Bryodes, Bythophyton, Glossostigma; leucocarpeae: 
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Hemichaena (including Berendtia, Berendtiella), 
Leucocarpus; mimuleae: Dodartia, Lancea, Mazus, 
Mimetanthe, Mimulus, Mimulicalyx.

6.2 RHINANTHOIDEAE
The posterior corolla lobes covered in the bud by one 
or both of the lateral lobes. Placentation basically 
axile. Autotrophic, hemiparasitic, or seldom wholly 
parasitic plants (Lathraea). – digitaleae: Digitalis, 
Isoplexis; veroniceae: Erinus, Lafuentea, Wulfenia, 
Wulfeniopsis, Kashmiria, Picrorhiza, Neopicrorhiza, 
Veronicastrum, Scrofella, Synthyris, Besseya, 
Paederota, Paederotella, Pseudolysimachion, Veronica 
(including Cochlidiosperma, Odicardis), Hebe, 
Heliohebe, Parahebe, Chionohebe, Derwentia, 
Detzneria, Lagotis, ? Campylanthus, Ourisia; sibthor-
pieae: Sibthorpia, Ellisiophyllum; hemiphragmeae: 
Hemiphragma; aragoeae: Aragoa; gerardieae: 
Agalinis (Gerardia), Anisantherina, Brachystigma, 
Aureolaria, Tomanthera, Macranthera, Seymeria, 
Seymeriopsis, Dasistoma, Silviella, Esterhazya, 
Lamourouxia; escobedieae: Alectra (including 
Pseudorobanche), Pseudomelasma, Melasma, 
Magdalenaea, Velloziella, Nothochilus, Physocalyx, 
Escobedia, Leptorhabdos, Gerardiina, Micrargeria, 
Micrargeriella; buchnereae: Sopubia, Parasopubia, 
Baumia, Petitmenginia, Sieversandreas, Pseudo-
sopubia, Hiernia, Graderia, Ghikaea, Centranthera, 
Buchnera (including Benthamistella, Stellularia), 
Tetraspidium, Striga, Pseudostriga, Parastriga, 
Cycniopsis, Cycnium, Rhamphicarpa, Rhaphispermum, 
Radamaea, Leucosalpa, Buttonia, Thunbergianthus, 
Xylocalyx; cymbarieae: Schwalbea, Cymbaria 
(including Cymbochasma), Siphonostegia, Lesque-
reuxia, Bungea, Monochasma, Castilleja, Orthocarpus, 
Triphysaria, Clevelandia, Gentrya, Cordylanthus, 
Ophiocephalus; rhinantheae: Hedbergia, Bartsia 
(including Bellardia), Bornmuellerantha, Macro-
syringion, Odontitella, Bartsiella, Odontites (including 
Orthanthella), Nothobartsia, Euphrasia, Omphalothrix, 
Pterygiella, Xizangia, Phtheirospermum, Parentucellia, 
Pseudobartsia, Pedicularis, Melampyrum, Rhinanthus, 
Rhynchocorys, Tozzia, Lathraea; rehmanniae: 
Rehmannia, Titanotrichum, Triaenophora (including 
Spirostegia); bowkerieae: Anastrabe, Bowkeria, 
Brookea, Halleria, Ixianthes.

6.3 OROBANCHOIDEAE
The two posterior corolla lobes covered in bud by lat-
eral lobes. Placentation parietal. Parasitic herbs. – 

Harveya, Paraharveya, Hyobanche, Aeginetia, 
Boschniakia (including Kopsiopsis), Conopholis, 
Christisonia (including Campbellia), Cistanche, 
Phelypaea (including Diphelypaea), Gleadovia, 
Mannagettaea, Orobanche (Aphyllon), Phacellanthus 
(including Tienmuia), Platypholis, Xylanche, Epifagus, 
Phelipanche, Necranthus.

The Scrophulariaceae stand close to the 
Buddlejaceae, an affi nity that is supported both by 
morphology (including embryology) and chemistry.

The subfamily Orobanchoideae is very closely 
related to the Rhinantoideae. It is an advanced group 
that “represents the fi nal stage of the parasitic tendency 
exhibited in Rhinanthoideae” (Wernham 1912) and 
can be regarded as a direct continuation of the line of 
parasitism developed in the Scrophulariaceae (Boeshore 
1920). It probably derived from the Rhinanthoideae 
through forms like Striga orobanchoides (Tiagi 1956, 
1963, 1970). There are important embryological simi-
larities between these two  subfamilies (Tiagi 1950; 
Terekhin and Nikiticheva 1981).

7. BIGNONIACEAE

A.L. de Jussieu 1789 (including Crescentiaceae 
Dumortier 1829). 105/800. Mainly tropical regions, 
especially in South America, with a few species in 
subtropical and warm-temperate Asia.

Classifi cation based on E. Fischer, I.Theisen and 
L.G. Lohmann (2004).

tecomeae: Incarvillea, Niedzwedzkia, Perian-
thomega, Perichlaena, Pandorea, Tecomanthe, 
Podranea, Dinklageodoxa, Campsidium, Campsis, 
Markhamia, Spathodea, Newbouldia, Dolichandrone, 
Digomphia, Rhigozum, Heterophragma, Santisukia, 
Pajanelia, Tecoma, Lamiodendron, Fernandoa, 
Radermachera (including Mayodendron), Stereo-
spermum, Pauldopia, Catophractes, Deplanchea, 
Tecomella, Astianthus, Chilopsis, Catalpa, Jacaranda, 
Spirotecoma, Romeroa, Tabebuia, Delostoma, Argylia, 
Neosepicea, Cybistax, Zeyhria, Paratecoma, 
Godmania, Sparattosperma, Ekmanianthe; oroxy-
leae: Oroxylum, Millingtonia, Nyctocalos, Hieris; 
bignonieae: Spingiphila, Pseudocatalpa, Macfadyena, 
Melloa, Dolichandra, Parabignonia, Phryganocydia, 
Callichlamys, Manaosella, Gardnerodoxa, Neojo-
bertia, Pleonotoma, Memora, Pyrostegia, Bignonia, 
Macranthisiphon, Piriadacus, Glaziovia, Amphilo-
phium, Haplolophium, Stizophyllum, Paragonia, 
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Roentgenia, Clytostoma, Mansoa, Cydista, Fridericia, 
Martinella, Cuspidaria, Distictis, Saritaea, Potamo-
ganos, Arrabidaea, Xylophragma, Mussatia, Adeno-
calymma, Anemopaegma, Tanaecium, Leucocalantha, 
Lundia, Tynanthus, Pithecoctenium, Spathicalyx, 
Distictella, Ceratophytum, Periarrabidaea; eccremo-
carpeae: Eccremocarpus; tourrettieae: Tourrettia; 
coleeae: Ophiocolea, Colea, Kigelia, Rhodocolea, 
Phylloctenium, Phyllarthron; crescentieae: Parmen-
tiera, Amphi tecna, Crescentia.

Very near to the Scrophulariaceae, especially to 
Scrophularieae (Cheloneae), and probably had a 
 common origin with them. They differ from 
Scrophulariaceae mainly in endospermless seeds and 
also in vascular anatomy of the fl owers (see Armstrong 
1985).

8. GESNERIACEAE

Richard et A.L. de Jussieu ex A.P. de Candolle 1816 
(including Belloniaceae Martynov 1820, Besleriaceae 
Rafi nesque 1838, Cyrtandraceae Jack 1823, 
 Didymo carpaceae D. Don 1822, Ramondaceae 
Godron 1853). c. 145–150/2500–3500. Pantropical, 
with only a few species in the Pyrenees and the Balkan 
Peninsula.

Classifi cation after A. Weber (2004).

8.1 CORONATHEROIDEAE
Trees, shrubs or subshrubs. Stomata anomocytic. 
Nectary adnate to the ovary. Ovary superior. Fruits 
capsules or berries, n = 37–45. – Coronanthera, 
Depanthus, Fieldia, Lenbrassia, Negria, Rhabdo-
thamnus, Mitraria, Sarmienta, Asteranthera.

8.2 GESNERIOIDEAE
Perennial herbs, subshrubs, shrubs, small trees, vines, 
climbers or epiphytes. Stomata anisocytic, scattered or 
in groups. Cotyledons remaining equal after germina-
tion. Ovary superior or more or less inferior. 
Infl orescences often racemose. Nectary disc annular or 
more often represented by 1–5 separate glands, some-
times wanting, n = 6–16. – beslerieae: Besleria, 
Gasteranthus, Cremosperma, Anetanthus, Resia, 
Reldia, Tylopsacas; nepeantheae: Napeanthus; 
gloxinieae: Gloxinia, Anodiscus, Koellikeria, 
Monopyle, Diastema, Kohleria, Pearcea, Capanea, 
Achimenes, Eucodonia, Smithiantha, Niphaea, 
Moussonia, Solenophora, Phinaea, Heppiella, 

Goyazia; gesnerieae: Pheidonocarpa, Gesneria, 
Rytidophyllum; sinningieae: Sinningia, Paliavana, 
Vanhouttea; episcieae: Nautilocalyx, Chrysothemis, 
Paradrymonia, Alloplectus, Drymonia, Columnea, 
Dalbergaria, Pentadenia, Trichantha, Bucinellina, 
Corytoplectus, Neomortonia, Episcia, Alsobia, 
Rufodorsia, Oerstedina, Cobananthus, Nematanthus, 
Codonanthe, Codonanthopsis; bellonieae: Bellonia, 
Lembocarpus, Rhoogeton, Lampadaria, Cremersia, 
Cremospermopsis.

8.3 EPITHEMATOIDEAE
Plants usually fl eshy-succulent, sometimes with 
strongly asymmetrical leaves. Ovary short, abruptly 
narrowed into the style. Fruit more or less globose. 
Endosperm absent, n = (8-)10(-12). – Rhynchoglossum, 
Gyrogyne, Stauranthera, Loxonia, Epithema, 
Whytockia, Monophyllaea (including Moultonia).

8.4  DIDYMOCARPOIDEAE 
(CYTRTANDROIDEAE)

Perennial or rarely annual herbs. Cotyledons becoming 
unequal after germination. Ovary superior. Infl orescences 
various, usually cymose with two fl owers at each dichot-
omy, never a simple raceme. Nectary disc annular, rarely 
divided or split on one side, n = (4) 8–13, 14–17, etc. – 
Corallodiscus, Leptoboea, Boeica, Rhynchotechum, 
Tetraphyllum, Platystemma, Championia, Haberlea, 
Ramonda, Jankaea, Streptocarpus, Saintpaulia, 
Linnaeopsis, Acanthonema, Trachystigma, Nodonema, 
Schizoboea, Hovanella, Colpogyne, Oreocharis (includ-
ing Dasydesmus and Perantha), Tremacron, Isometrum, 
Paraisometrum, Ancylostemon, Petrocosmea, Metape-
trocosmea, Deinocheilos, Lagarosolen, Petrocodon, 
Dayaoshania, Dolicholoma, Calcareoboea, Allocheilos, 
Opithandra, Thamnocharis, Bournea, Tengia, Conan-
dron, Briggsia, Briggsiopsis, Raphiocarpus, Loxostigma, 
Anna, Lysionotus, Cathayanthe, Beccarinda, Chirita, 
Chiritopsis, Primulina, Metabriggsia, Didymocarpus, 
Gyrocheilos, Didymostigma, Deinostigma, Pseudo-
chirita, Allostigma, Phylloboeae, Hemiboeopsis, 
Hemiboea, Didissandra, Ridleyandra, Hexatheca, 
Aeschynanthus (including Euthamnus, Oxychlamys), 
Micraeschynanthus, Agalmyla (including Dichro-
trichum), Orchadocarpa, Henckelia (including Loxo-
carpus, Codonoboea, Platyadenia), Boea, Paraboea 
(including Chlamydoboea), Trisepalum (including 
Dichiloboea), Rhabdothamnopsis, Ornithoboea, 
Kaisupeea, Senyumia, Spelaeanthus, Emarhendia, 
Cyrtandra (including Protocyrtandra), Sepikaea.
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Genera of uncertain familial affi liation: Sanango, 
Cubitanthus, Jerdonia.

Very near to the Scrophulariaceae, especially to the 
tribe Scrophularieae. According to Burtt (1977), “a 
highly advanced, and presumably recent family.”

9. PLOCOSPERMATACEAE

Hutchinson 1973. 1/1. Southern Mexico and Guatemala.
Plocosperma (including Lithophytum)
Have similarities, including two parietal placentas, 

with the Gesneriaceae.

10. CARLEMANNIACEAE

Airy Shaw 1965. 1/6. Himalayas (from eastern Nepal 
to Bhutan), northeastern India, northern Burma, south-
western China, Laos, northern Vietnam, Sumatra.

Carlemannia, Silvianthus
Hooker (in Bentham et Hooker 1973, Genera 

Plantarum 2: 63–64) included Carlemannia and 
Silvianthus in Rubiaceae-Hedyotideae. However, later 
Solireder (1893) proposed to transfer them into the 
Caprifoliaceae. Hallier (1910a, b), however, suggested 
that Carlemanniaceae are closely related to 
Gesneriaceae. Savolainen et al. (2000) and Bremer 
et al. (2001) indicated an inclusion of Carlemanniaceae 
into Lamiales.

11. GLOBULARIACEAE

A.P. de Candolle 1805. 2/25. Macaronesia, 
Mediterranean, Europe, western Asia, and also Somalia 
and Socotra (Poskea, 2).

Globularia, Poskea
Globulariaceae are closely related to the Scrophula-

riaceae-Selagineae, differing from them especially in 
their infl orescence as well as in pseudomonomerous 
gynoecium and fruit morphology. Probably derived 
from the Scrophulariaceae.

12. PLANTAGINACEAE

A.L. de Jussieu 1789. 3/270. Temperate regions and in 
tropical mountains; Bougueria (1): Andes.

Plantago, Littorella, Bougueria
Near to and probably derived from the 

Scrophulariaceae. Hallier (1903, 1912) included them 
in Scrophulariaceae s. 1. and placed them near 
Selagineae and Manuleae.

13. CALLITRICHACEAE

Berchtold et J. Presl 1820. 1/45–50. Nearly cosmo-
politan, but mainly in temperate regions.

Callitriche
According to Olmstead et al. (2001), the clade 

Callitrichaceae, Globulariaceae, Plantaginaceae, and 
Hippuridaceae is support very strong.

14. HIPPURIDACEAE

Vest 1818. 1/1. Temperate and cold regions of the 
Northern Hemisphere, Antarctic America and south-
ern Australia.

Hippuris
Hippuridaceae are the closest relative of the 

Callitrichaceae (Leins and Erbar 2004).

15. PEDALIACEAE

R. Brown 1810 (including Sesamaceae Berchtold et J. 
Presl 1820). 13/75. From tropical and southern Africa 
and Madagascar to Malesia, New Guinea, and north-
ern Australia and adjacent islands.

pedalieae: Pedalium, Pterodiscus, Pedaliodiscus, 
Harpagophytum, Holubia, Uncarina; sesameae: 
 Sesamothamnus, Rogeria, Sesamum, Ceratotheca; 
 pretreeae: Dicerocaryum (Pretrea), Linariopsis, 
Josephinia.

Close to the Bignoniaceae and Scrophulariaceae.

16. MARTYNIACEAE

Stapf 1895. 4/17. Subtropical and especially tropical 
regions of America.

Martynia, Holoregmia, Craniolaria, Proboscidea 
(including Ibicella).

Have many similarities with Pedaliaceae, including 
wood anatomy, but comparison of pollen suggested 



Superorder LAMIANAE 569

that Martyniaceae and Pedaliaceae should be main-
tained as separate families (Stapf 1895; Bretting and 
Nilsson 1988).

17. TRAPELLACEAE

Honda et Sakisake 1930. 1/2. Eastern Asia.
Trapella
Very near to the Pedaliaceae. Previously only a few 

botanists, including Airy Shaw (in Willis 1973) and 
Dahlgren (1980, 1983, 1989), accepted Trapellaceae 
as a distinct family. However, the Trapellaceae differ 
not only in pollen, ovule, ovary, and fruit structure but 
also in such embryological features as persistence of 
antipodals, simultaneous differentiation of micropylar 
and chalazal haustorium, and a four-celled micropylar 
haustorium and chalazal haustorium of two elongated 
cells (John et al. 1992: 774).

18. MYOPORACEAE

R. Brown 1810 (including Bontiaceae Horaninow 
1834). 4/210. Mainly Australia, but Myoporum (32) 
also extends to New Guinea, eastern Asia, New 
Zealand, Pacifi c islands, and Mascarene Islands; 
Bontia (1) occurs in the West Indies and northern South 
America, and Androya (1) is endemic to Madagascar.

Eremophila (Pholidia, Stenochilus), Myoporum, 
Bontia, Androya

Closely related to the Scrophulariaceae – 
Scrophularioideae. According to palynological data 
(Niezgoda and Tomb 1975) Myoporaceae related to 
the scrophularien tribe Leucophylleae. In addition 
Karrfalt and Tomb (1983) found that air spaces of 
Leucophyllum are homologous with the secretory cavi-
ties of Bontia (Myoporaceae).

19. OFTIACEAE

Takhtajan et Reveal 1993 (Spielmanniaceae J. Agardh 
1858, nom.illeg.). 1/3. South Africa

Oftia
Oftia (Spielmannia) has been placed in various 

families, such as Verbenaceae (Endlicher 1841; Lindley 
1853; and some others), Scrophulariaceae (Baillon 
1888; Thorne 1992, 2000), and Myoporaceae (Bentham 

and Hooker 1876; Takhtajan 1966; Cronquist 1981; 
and many others), or separated into a family of its own 
(Takhtajan 1987, 1997). From the Myoporaceae the 
genus Oftia differs in the presence of internal phloem 
and in primary vascular tissue. Besides, it differs from 
the Myoporaceae in the absence of the secretory cavi-
ties and not gland-dotted leaves, and from the 
Scrophulariaceae in absent endosperm. However, the 
Oftiaceae have some links to both the Scrophulariaceae 
and Myoporaceae.

20. ACANTHACEAE

A.L. de Jussieu 1789 (including Justiciaceae Rafi nesque 
1838, Mendonciaceae Bremekamp 1954, Nelsoniaceae 
Sreemadhavan 1977, Thomandersiaceae Sreemadhavan 
1977, Thunbergiaceae Lilja 1870). 220–240/3500–
4000. Mainly tropical regions, especially southern and 
Southeast Asia, Africa, Brazil, and Central America; a 
few genera extend into warm-temperate regions; some 
species of Acanthus occur in the Mediterranean region 
and in western Asia.

20.1 NELSONIOIDEAE
Ovary 2-locular with numerous ovules or (Elytraria) 
1-locular with 6–10 ovules on parietal placentas; 
ovules with endothelium. Jaculators usually wanting. 
Fruits capsular. Seeds with more or less developed oily 
and ruminate endosperm. Leaves alternate. Cystoliths 
wanting; descending cochlear aestivation. – Staurogyne, 
Nelsonia, Elytraria, Anisosepalum, Gynocraterium, 
Ophiorrhiziphyllon, Saintpauliopsis.

20.2  THUNBERGIOIDEAE. (including 
Mendoncioideae)

Ovary 2-locular with two ovules per locule or less 
often one of the locules aborted. Jaculators wanting. 
Fruits capsules or drupes. Seeds without endosperm. 
Leaves usually opposite. Cystoliths present. – thun-
bergieae: Thunbergia, Meyenia, Pseudocalyx; mend-
oncieae: Mendoncia, Anomacanthus

20.3 ACANTHOIDEAE
Ovary 2-locular with two to many ovules per locule. 
Jaculators usually present. Seeds without endosperm. 
Leaves opposite. Cystoliths present or absent 
(Acantheae). – acantheae: Acanthus, Acanthopsis, 
Achyrocalyx, Blepharis, Crossandra, Crossndrella, 
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Gynarospermum, Cyphacanthus, Encephalosphaera, 
Geissomeria, Holographis, Neriacanthus, Oropho-
chilus, Rhombochlamys, Salpixantha, Sclerochiton, 
Streptosiphon, Strobilacanthus, Xantheranthemum; 
aphelandreae: Stenandrium, Aphelandra; ruel-
lieae: Blechum, Acanthopale, Apassalus, Benoicanthus, 
Bravaisia, Brunoniella, Calacanthus, Clarkeasia, 
Dischistocalyx, Duosperma, Sanchezia, Ruellia, 
Dyschoriste, Echinacanthus, Epiclastopelma, 
Eranthemum, Eremomastax, Eusiphon, Hemigraphis, 
Heteradelphia, Hygrophila, Ionacanthus, Kosmosiphon, 
Leptosiphonium, Louteridium, Lychniothyrsus, Mellera. 
Mimulopsis, Pararuellia, Petalidium, Phaulopsis, 
Physacanthus, Polylychnis, Pseudoruellia, Ruelliospis, 
Satanocrater, Sautiera, Spirostigma, Stenosipho-
nium, Stenothyrsus, Strobilanthes, Strobilanthopsis, 
Suessenguthia, Trichanthera, Trichosanchezia, 
Zygoruellia; lepidagathidae: Lepidagathis; andro-
graphinae: Andrographis, Cystacanthus, Diotacanthus, 
Graphandra, Gymnostachyum, Haplan thodes, 
Indonesiella, Phlogacanthus; Afrofi t tonia, Ambongia, 
Ancistranthus, Angkalanthus, Anisacanthus, 
Aphanosperma, Asotheca, Asystasia, Ballochia, 
Brachystephanus, Calycacanthus, Carlowrightia, 
Celerina, Centrilla, Cephalocanthus, Chalarothyrsus, 
Chamaeranthemum, Chileranthemum, Chlamydo-
cardia, Chlamydostachya, Chorisochora, Clinacanthus, 
Clistax, Codonacanthus, Conocalyx, Cosmianthemum, 
Cyclacanthus, Cylindrosolenium, Danguya, Dasytropis, 
Dichazothece, Dicladanthera, Dicliptera, Ecbolium, 
Filetia, Fittonia, Forcipella, Glossochilus, Grapto-
phyllum, Gypsacanthus, Harpochilus, Henrya, 
Herpetacanthus, Hoverdenia, Hypoestes, Ichtyostoma, 
Isoglossa, Isotheca, Jadunia, Juruasia, Justicia, 
Kalbreyeriella, Linariantha, Mackaya, Marcania, 
Megalochlamys, Megalostoma, Megaskepasma, 
Mellitacanthus, Metarungia, Mexacanthus, Mirandea, 
Monechma, Monothecium, Odontonema, Oplonia, 
Oreacanthus, Pachystachys, Pelecostemon, Peristrophe, 
Phialacanthus, Podorungia, Poikilacanthus, Polulina, 
Pranceacanthus, Pseu deranthemum, Pseudodicliptera, 
Psilanthele, Ptyssiglottis, Pulchranthus, Razisea, 
Rhinacanthus, Ritonia, Rungia, Ruspolia, Ruttya, 
Samuelssonia, Sapphoa, Schaueria, Sebastiano-
Schaueria, Spathacanthus, Sphinctacanthus, Steno-
stephanus, Streblacanthus, Tessmanniacanthus, 
Tetramerium, Thysanostigma, Trichaulax, Trichocalyx, 
Xerothamnella, Yeatesia; Barleria, Barleriola, 
Borneacanthus, Boutonia, Chroesthes, Crabbea, 
Hulemacanthus, Lepidagathis, Lophostachys. 

whitfieldieae: Whitfi eldia, Chlamydacanthus, 
Lankesteria.

insertae sedis: Acanthostelma, Acanthura, 
Aphelandrella, Camarotea, Dolichostachys, Golaea, 
Idiacanthus, Kudoacanthus, Lasiocladus, Leandri-
ella, Morsacanthus, Neuracanthus, Perenideboles, 
Pericalypta, Sphacanthus, Vavara, Vindasia.

Near to the Scrophulariaceae. Nelsonioideae are in 
some respects a connecting link between the two 
families.

21. AVICENNIACEAE

Endlicher 1841. 1/8. Mostly tropical coasts mainly 
within the mangrove zone of tropical sheltered coast-
lines, but also in subtropical and even warm-temperate 
tidal habitats where Avicennia occurs as the exclusive 
tree or shrub form, making it the most widely distrib-
uted of any mangrove. Three species of Avicennia 
occur in the Atlantic, Caribbean, and eastern Pacifi c, 
while fi ve other species occur in the Old World 
( Tom-Unson 1986; Duke 1991).

Avicennia
According to Schwarzbach and McDade (2002), 

“sequence data from these two chloroplast and one 
nuclear regions consistently place Avicenia with 
Acanthaceae s.l. They analyzed that resolve relationships 
further place Avicennia as sister to Thunber gioideae”. 
However, from the Acanthaceae they differ in the second-
ary anomalous growth, in leaves with salt glands on both 
sides, orthotropous ovules and fruit morphology.

22. BYBLIDACEAE

Domin 1922. 1/6. The southernmost part of New 
Guinea, northern and southwestern Australia.

Byblis
According to recent studies, both molecular and 

morphological, the Byblidaceae are related to the 
Lentibulariaceae (see especially Albert et al. 1992; 
Conran and Carolin 2004).

23. LENTIBULARIACEAE

Richard 1808 (including Pinguiculaceae Dumortier 
1829, Utriculariaceae Hoffmannsegg and Link 1809). 
3/320. Cosmopolitan.



Superorder LAMIANAE 571

Pinguicula, Genlisea, Ultricularia (including 
Polypompholyx and Biovularia)

Near to and derived from the Scrophulariceae. 
Hallier (1903a, b, 1905, 1908, 1912) included Lenti-
bulariaceae in Scrophulariaceae s.1., deriving them 
from Gratioleae (see also Casper 1963). Embryological 
data suggest the derivation from the Scrophulariaceae 
(Khan 1970; Johri et al. 1992). Floral morphology and 
phytochemistry (iridoid glycosids) indicate a close 
relationship to Scrophulariaceae.

24. VERBENACEAE

J. Saint-Hilaire 1805 (including Durantaceae J.G. 
Agardh 1858, Lantanaceae Martynov 1820, Petreaceae 
J.G. Agardh 1858, Viticaceae A.L. de Jussieu 1789). 
50/1800–2500. Tropical and subtropical regions with a 
few species in warm-temperate countries.

24.1 VITICOIDEAE
Leaves opposite or rarely verticillate, simple or some-
times 3–7-foliolate. Infl orescence cymose, corymbose, 
umbellate, or occasionally fl owers solitary. – tejsman-
niodendreae: Tejsmanniodendron, Garrettia, 
Hymenopyramis; callicarpeae: Callicarpa (includ-
ing Geunsia); tectoneae: Petitia, Tectona; viticeae: 
Pseudocarpidium, Cornutia, Adelosa, Viticipremna, 
Premna (including Pygmaeopremna), Tsoongia, 
Paravitex, Petraeovitex, Vitex (including Neorapinia), 
Gmelina.

24.2 VERBENOIDEAE
Leaves opposite or rarely alternate, entire, lobed to 
dissected, sometimes much reduced, scale-like, or 
spinose. Flowers in various types of racemose infl o-
rescences, often with involucre of colored bracts. – 
verbeneae: Verbena (including Stylodon), 
Glandularia, Junellia, Urbania, Hierobotana; lanta-
neae: Lantana, Neosparton, Xeroaloysia, Nashia, 
Lippia (including Burroughsia), Phyla, Aloysia, 
Acantholippia, Stachytarpheta (including Ubochea), 
Bouchea, Chascanum (including Svensonia), Diostea, 
Lampaya; priveae: Priva, Pitraea (including 
Castelia), Dipyrena; petreae: Petrea, Xolocotzia; 
casselieae: Casselia, Parodianthus, Tamonea; 
duranteae (citharexyleae): Citharexylum, 
Rehdera, Verbeno xylum, Rhaphithamnus, Baillonia, 
Recordia, Duranta.

Insertae sedis: Coelocarpum.

25. PHRYMATACEAE

Schauer 1847. 1/1. Himalayas, eastern Asia, south-
eastern North America.

Phryma
Closely related to the Verbenaceae-Verbeneae, 

especially to Verbeneae (see Whipple 1972; Chadwell 
et al. 1992; Wagstaff 1992; Cantino 1992a, b; Ramana 
et al. 2000). In overall morphology closely resembles 
Stachytarpheta, but differs in having trichomes and in 
pollen morphology.

26. CYCLOCHEILACEAE

Marais 1981. 2/4. Eastern and northeastern tropical 
Africa and Yemen.

Cyclocheilon, Asepalum
A distinct family probably derived from the ver-

benaceous stock.

27. NESOGENACEAE

Marais 1981. 1/9. Tanzania, Madagascar, Seychelles 
and Mascarene Is., Malesia, Oceania (Tuamotu 
Arch.).

Nesogenes
Close related to the Cyclocheilaceae.

28. SYMPHOREMATACEAE

Wight 1849. 3/35. Southern, Southeast, and eastern 
Asia, Malesia.

Symphorema, Sphenodesme, Congea
Related to the Verbenaceae.

29. LAMIACEAE

Martynov 1820 or Labiatae A.L. de Jussieu 1789, nom. 
altern. (including Aegiphilaceae Rafi nesque 1838, 
Chloanthaceae Hutchinson 1959, Dicrastylidiaceae 
Drummond ex Harvey 1855, Glechomaceae Martynov 
1820, Melittdaaceae Martynov 1820, Menthaceae 
Burnett 1835, Nepetaceae Horaninow 1834, 
Salazariaceae F.A. Barkley 1975, Salviaceae 
Rafi nesque 1837, Scutellariaceae Caruel 1894, 
Siphonanthaceae Rafi nesque 1838). Over 



572 Subclass VIII. LAMIIDAE

230–234/c.7000. Cosmopolitan, but especially diversi-
fi ed in the Mediterranean, Irano-Turanian, and Eastern 
Asiatic Regions.

29.1 AJUGOIDEAE
Shrubs, subshrubs, or herbs, sometimes aromatic or 
ill-scented. Leaves opposite. Flowers more or less 
zygomorphic. Calyx 5-lobed or dentate. Corolla often 
with deeply cleft tube (Teucrium, Teucridium, 
Monochilus, and some species of Spartothamnella), 
the corolla limb therefore seemingly unilabiate. Pollen 
grains 3-colpate or rarely 3-porate, often operculate 
(Teucrium and related genera), with granular exine 
structure and often more or less branched columella 
(profusely branched in Teucrium), suprareticulate, 
tectate-perforate to microreticulate, with supratectal 
spinules or spines or verrucate. Style terminal to 
gynobasic; ovary mostly shallowly lobed, completely 
or incompletely 4-locular, with one ovule per locule 
(locellus). Nutlets with lateral-ventral attachment, the 
usually large surface of contact often more than half 
the height of the ovary. Seeds with straight embryo 
and straight and short radicle; endosperm scanty or 
none. Terpenoids and rosmarinic acid absent, iridoid 
glycosides and acteosides present, n = 7, 10, 13, 14, 16 
+. – clerodendreae: Clerodendrum (including 
Kalaharia, Tetraclea), Rotheca, Faradaya, Teucridium, 
Oncinocalyx; ajugeae: Ajuga; monochileae: 
Aegiphila, Amasonia, Monochilus, Amethystea; teu-
crieae: Teucrium, Spartothamnella; caryop-
terideae: Caryopteris, Glossocarya, Hosea, Huxleya, 
Karomia, Oxera, Rubiteucris, Discre-
titheca, Pseudocaryopteris, Tripora, Schnabelia, 
Trichostema.

29.2 PROSTANTHEROIDEAE
Shrubs, subshrubs, or less often trees, non-aromatic or 
occasionally with distal branches and leaves aromatic, 
usually provided with various types of trichomes, often 
tomentose. Leaves opposite or verticillate, rarely alter-
nate, entire or dentate, often densely clothed with stel-
late hairs. Flowers in terminal or axillary infl orescences, 
often spicate, capitate or corymbose-paniculate. Calyx 
lobed or dentate. Corolla actinomorphic or zygomor-
phic, lobed to truncate. Stamens 2–8, mostly four. 
Pollen grains 3-colpate or sometimes 6(-8)-colpate, 
tectate-perforate to microreticulate, with or without 
spinulose ornamentation, often with ectexine elements 
on the colpi membrane. Nectary disc wanting. Style 

terminal or gynobasic. Ovary 2-locular, often shal-
lowly 4-lobed, with usually two ovules per carpel. 
Fruits indehiscent, often 1-seeded or separated into 
four mericarps. Seeds with straight embryo and usu-
ally with copious or scanty endosperm. –  chloanthae: 
Chloanthes, Hemiphora, Cyanostegia, Dicrastylis, 
Mallophora, Physopsis, Newcastelia, Lachnostachys, 
Pityrodia, Brachysola; westringieae (prostan-
thereae): Hemiandra, Hemigenia, Microcorys, 
Prostanthera (including Eichlerago), Wrixonia, 
Westringia.

29.3 WENCHENGIOIDEAE
Subshrubs. Leaves alternate, entire. Flowers zygomor-
phic. Calyx 2-lipped, 5-dentate. Corolla 5-lobed, three 
lower lobes much larger. Stamens four, subequal. 
Pollen grains 3-colpate, suprareticulate, with simple 
columellae. Nectary disc absent. Style subterminal, 
shortly 2-lobed. Ovary shallowly lobed, 4-locular, with 
one ovule per locule. Fruit of nutlike mericarps attached 
to the receptacle by means of slender stalks. Seeds 
with spatulate embryo, endosperm present. – 
Wenchengia.

29.4 SCUTELLARIOIDEAE
Herbs, subshrubs, or rarely shrubs. Leaves opposite, 
entire or dentate. Calyx 2-labiate with entire, rounded 
lips that become tightly appressed after anthests, 
enclosing the developing fruit inside. Corolla with 
4-lobed upper lip and 1-lobed lower lip. Nectary disc 
tubular, elongate. Anterior stamens dimidiate. Pollen 
grains mostly inoperculate, suprareticulate to psilate, 
tectate-perforate to microreticulate, with simple colu-
mellae. Style mostly attached to the ovary lobes above 
the apex of the disc extension, rarely (some species of 
Scutellaria) truly gynobasic. Nutlets with basal attach-
ment, the surface of contact small. Seeds more or less 
transverse. Embryo with a bent radicle on one cotyle-
don. – Scutellaria (including Perilomia, Salazaria, 
Cruzia, Harlanlewisia), Renschia, Tinnea, 
Holmskioldia.

29.5 LAMIOIDEAE
Herbs, subshrubs, or rarely shrubs, mostly non-aro-
matic or slightly aromatic. Leaves opposite, entire, 
dentate or lobed. Infl orescence thyrsoid or racemelike, 
rarely fl owers solitary. Calyx of various shape. Corolla 
bilabiate to nearly actinomorphic. Stamens four, 
ascending or spreading and projecting straight 
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forward, often long exserted from the corolla; anthers 
opening longitudinally, rarely by valves (Galeopsis). 
Pollen grains mostly 3-colpate, but with four colpi 
arranged in two pairs in Haplostachys, tetrazonocol-
pate in one species of Marrubium and many species 
of Sideritis and hexapantocolpate in Sideritis sect. 
Empedoclia (Abu-Asab and Cantino 1992), usually 
tectate-perforate to microreticulate, mostly supraretic-
ulate, usually with simple columellae. Disc lobes, 
when present, alternate with ovary lobes. Style gynoba-
sic. Ovary 4-locular, deeply 4-lobed; ovule solitary in 
each locule. Nutlets with small basal attachment, 
sometimes (Prasieae) with fl eshy exocarp. Seeds with 
spatulate embryo with short, straight superior radicle; 
endosperm several-layered. Often present iridoid gly-
cosides and laballenic fatty acid, n = 6. – pogoste-
meae: Pogostemon (including Eusteralis, Anuragia), 
Dysophylla, Colebrookea, Eurysolen, Leucosceptrum, 
Comanthosphace, Rostrinucula, Anisomeles, Suzukia; 
prasieae: Gomphostemma, Bostrychanthera, 
Stenogyne, Phyllostegia, Haplostachys, Prasium; 
 marrubieae: Acrotome, Paralamium, Thuspeinantha, 
Hypogomphia, Marrubium, Lagopsis, Sideritis; 
lamieae: Physostegia, Chelonopsis, Synandra, 
Macbridea, Brazoria, Warnockia, Melittis, Alajja, 
Eriophyton, Loxocalyx, Ajugoides, Matsumurella, 
Lamium (including Galeobdolon), Orvala, Wied-
emannia, Galeopsis, Paraphlomis, Lamiophlomis, 
Phlomis, Phlomoides, Eremostachys, Paraeremo-
stachys, Pseuderemostachys, Pseudomarrubium, 
Stachyopsis, Leonurus, Chaiturus, Panzerina 
(Panzeria), Lagochilus, Moluccella, Otostegia, Iso-
leucas, Ballota, Sulaimania, Roylea, Metas tachydium 
(Metastachys), Stachys, Epimeredi, Colquhounia, 
Craniotome, Achyrospermum, Microtoena, Phlomido-
schema, Chamaesphacos, Notochaete, Leonotis, 
Leucas (Physoleucas).

29.6 NEPETOIDEAE
Shrubs and herbs, rarely trees, commonly aromatic. 
Leaves simple, entire or lobed, sometimes compound. 
Corolla zygomorphic, sometimes weakly so, often 
strongly 2-lipped. Stamens four or two, ascending or 
declinate. Pollen grains usually 3-celled and typically 
6(8–12)-colpare, predominantly suprareticulate. Disc 
usually well developed, often 4-lobed. Style gynoba-
sic. Seeds without endosperm (except Bystropogon). 
Pericarp usually dry, rarely fl eshy; exocarp with 
mucilaginous cells producing hygroscopic spiral 

fi brils. Embryo erect, investing (except Catoferia 
which has bent embryo). Rich in volatile terpenoids 
and rosmarinic acid; nepetoidin A and B (caffeic acid 
esters) present. Iridoid glycosides and acteosides usu-
ally absent. Seed oils highly unsaturated, n = 6 +. – 
elsholtzieae: Elsholtzia, Perilla, Perillula, 
Collinsonia (including Micheliella, Keiskea), Mosla; 
satureieae: Mentha (including Preslia), Lycopus, 
Hyssopus, Pycnanthemum, Origanum (including 
Majorana), Amaracus, Bystropogon, Minthostachys, 
Thymus, Zataria, Monardella, Cyclotrichium, 
Obtegomeria, Thymbra (including Coridothymus), 
Cunila, Piloblephis, Ziziphora, Melissa, Heterolamium, 
Conradina, Micromeria, Gontscharovia, Cuminia, 
Satureja (including Euhesperida), Ceratominthe, 
Saccocalyx, Kurzamra, Dicerandra, Clinopodium, 
Calamintha, Acinos, Antonina, Hedeoma, Poliomintha, 
Hesperozygis, Rhododon, Stachydeoma, Pogogyne, 
Eriothymus, Pentapleura; prunelleae: Prunella, 
Cleonia; meriandreae: Zhumeria, Meriandra, 
Dorystoechas, Perovskia; lepechinieae: Sphacele, 
Lepechinia; hormineae: Horminum; nepeteae: 
Dracocephalum, Lophanthus, Hymenocrater, 
Agastache, Brittonastrum, Meehania, Glechoma, 
Schizonepeta, Cedronella, Nepeta (including Pitardia), 
Kudrjaschevia, Drepanocaryum, Lallemantia, 
Monarda, Marmoritis (including Phyllophyton), 
Blephilia, Chaunostoma, Neoeplingia, Rhabdocaulon, 
Hoehnea; glechoneae: Glechon, Acanthomintha; 
salvieae: Salvia (including Ramona, Schraderia, 
Arischrada); rosmarineae: Rosmarinus; catofer-
ieae: Catoferia; ocimeae: Eriope (including 
Eriopidion), Hypenia, Hyptis, Hyptidendron, 
Marsypianthes, Peltodon, Rhaphiodon, Asterohyptis, 
Aeollanthus (including Icomum, Bovonia), Alvesia 
(including. Plectranthastrum), Pycnostachys, 
Anisochilus (including Stiptanthus), Leocus, 
Plectranthus (including Rabdosia, Rabdosiella, 
Neohyptis, Solenostemon, Coleus, Englerastrum, 
Ascocaridion, Neomuellera, Symphostemon, 
Perrierastrum, Holostylon, Capitanya,), Thorncroftia, 
Tetradenia, Isodon (including Amethystanthus, 
Skapanthus), Siphocranion, Hanceola, Isodictyophorus, 
Hoslundia, Syncolostemon, Platostoma (including 
Mesona, Ceratanthus, Octomeron), Basilicum, 
Benguellia, Endostemon (including Puntia), 
Hemizygia, Ocimum (including Becium, 
Erythrochlamis, Nautochilus), Orthosiphon, Fuerstia, 
Geniosporum, Haumaniastrum (including 
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Acro cephalus), Dauphinea, Capitanopsis, Madlabium, 
lavanduleae: Lavandula.

Insertae sedis: Acrymia, Holocheila, Peronema, 
Cymaria

Very near to Verbenaceae. The taxonomic boundary 
between these two families is not clear-cut. Until 
recently it was supposed that Verbenaceae and 
Lamiaceae are sister clades and that Lamiaceae are 
derived from Verbenaceae.
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Order 125. HYDROSTACHYALES

Submerged fresh-water perennial or annual herbs 
with short, thick, tuberlike stems and fi brous roots; 
stems, leaves, and adventitious roots provided with 
numerous small, scale-like or fringed emergences. 
Vascular system much reduced, in the disc-like stem 
procambial tissue with annular- and spiral vessels is 
present (Erbar and Leins 2004). Leaves alternate, 
basal, elongate, entire to two or three times pinnati-

sect, dilated and ligulate at the base, with inconspicu-
ous, membranous, intrapetiolar stipule. Stomata 
wanting. Flowers small and inconspicuous, sessile in 
the axils of the bracts of the dense spike, unisexual, 
dioecious or seldom monoecious, without a perianth. 
The male fl ower usually is interpreted as consisting 
of a single stamen, which is deeply divided into two 
theca (Rauh and Jager-Zurn 1966; Hutchinson 1973; 
Cronquist 1981; Takhtajan 1987). However, accord-
ing to Leins and Erbar (1990), it consists of two inde-
pendent disporangiate stamens that can be derived 
from originally tetrasporangiate stamens in which the 
sporangia of the neighboring thecae have fused api-
cally (as in some Scrophulariaceae, e.g., Verbascum) 
and shifted into a lateral position (as in some 
Scrophulariaceae, e.g., in Hebenstretia and 
Zaluzianskya) microsporangia  opening longitudi-
nally. Tapetum secretory. Micro sporogenesis simul-
taneous. Pollen grains in permanent tetrahedral or 
hexahedral to rhomboidal tetrads (Erbar and Leins 
2004), 2-celled, inaperturate. Gynoecium of two 
united carpels arranged in trans versal position and 
with two elongate, persistent, subulate stylodia that 
are sometimes connate at the base; ovary superior, 
zygomorphic, 1-locular, with numerous ovules on 
two parietal placentas. Ovules anatropous, unitegmic, 
tenuinucellate, with a narrow, elongated nucellus 
with a tiny gametophyte located at its apex, with 
endothelium. Female gametophyte of Polygonum-
type, Endosperm cellular, with micropylar hausto-
rium. Fruits septicidal capsules with numerous tiny, 
 exotestal seeds, outer cell walls much thickened, 
mucilaginous (contain pectin); endosperm scanty or 
lacking. Contain kaempferol, mono- and di-gluco-
sides (Scogin 1992), and caffeic acid (Rønsted et al. 
2002), n = 10–12 (Hydrostachys imbricata – Palm 
1915).

Probably derived from Scrophulariaceae (see Jäger-
Zürn 1965; Rauh and Jäger-Zürn 1966; Takhtajan 
1966; Leins and Erbar 1990) and probably have a com-
mon origin with Plantaginaceae.

Taxonomic position is unknown.

1. HYDROSTACHYACEAE

Engler 1894. 1/22. Madagascar and tropical and South 
Africa.

Hydrostachys
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Embryo, when differentiated, always with one 
 cotyledon. The cotyledon usually with two main vas-
cular bundles. Leaf venation striate or of derived types, 
mostly arcuate-striate or longitudinally striate 
 (parallel), less often palmate-striate or pinnate-striate, 
almost always more or less closed at the apex (the 
veins emerging from the leaf base usually run together 
again at their apices). Leaves usually not clearly 
divided into petiole and lamina, less often more or less 
differentiated, but in these cases the “petiole” and the 
“lamina” are not homologous to those of magnoliop-
sids (are of secondary origin), often with sheathing 
base. Leaf traces usually numerous. Prophylls (includ-
ing bracteoles) usually solitary and nearly always 
adaxial. Vascular bundles usually without cambium or 
rarely with vestigial cambium only. Vascular system of 
the stem usually consists of many separate scattered 
bundles or sometimes of two or more rings of vascular 
bundles, and the axis mostly attains its full diameter 
early, after which no increase in thickness takes place; 
only in some groups does thickening of the axis occur 
by means of division and enlargement of ground paren-
chyma cells (so-called diffuse secondary growth), as in 
palms, or by means of special kind of cambium that 
arises in the parenchyma outside the primary vascular 
system, as in some herbaceous and woody Lilianae. 
Sieve-element plastids of P-type with several to numer-
ous cuneate (triangular) crystalloid bodies (lacking in 
all magnoliopsids studied except Saruma and Asarum 
in Aristolochiaceae). Phloem without parenchyma. 
Usually without clearly differentiated bark and pith. 
The primary root is usually ephemeral, dries out early 
in the growth of the plant, and is replaced by an adven-
titious root system that develops from the stem or (as 
in grasses) directly from the hypocotyl. Ontogenetically 
root cap and root epidermis are of different origin. 
Usually herbs, but often secondarily arborescent plants 

(primary woody plants are absent among the  monocots). 
Flowers usually 3-merous, sometimes 4- or 2-merous, 
very rarely 5-merous. Nectaries predominantly septal. 
Pollen grains mostly 1-colpate (sulcate) or of derived 
types, often 1-porate.

The Liliopsida most probably originated from some 
very ancient vesselless herbaceous member of Magno-
liopsida that had atactostelic vascular system, P-type 
sieve-element plastids, 3-merous fl owers, apocarpous 
gynoecium with laminar-diffuse (scattered) placenta-
tion, bitegmic and crassinucellate ovules (with parietal 
tissue between the female gametophyte) and the nucel-
lar epidermis, and primitive 2-celled and 1-colpate 
pollen grains.

Unfortunately there is no convincing dicotylidonous 
sister group to the monocotyledons. According to some 
authors the nearest group are nymphaeids. Some of the 
relatively most archaic monocots have some similari-
ties with the nymphaeids (Hallier 1905; Schaffner 1929, 
1934; Eber 1934; Takhtajan 1954, 1959, 1969, 1987; 
Kaul 1967; Cronquist 1968, 1981, 1988). As long ago 
as 1905, Hallier suggested that the Nymphaeaceae (s.1.) 
were the “ancestors of the whole division of monocoty-
ledons” though later (1912) he changed his opinion. 
According to Arber (1920: 309), the Nymphaeaceae 
“descended from a stock closely related to that which 
gave rise to the monocotyledons.” Similar ideas have 
also been expressed by some other botanists.

The nymphaeoids and some archaic monocots do 
indeed have some important characters in common. 
In the morphology of their gynoecia the families 
Butomaceae and Limnocharitaceae resemble the 
Cabombaceae, and in their laminar-diffuse placenta-
tion they recall the Nymphaeaceae. There are also 
some other important similarities, including atacto-
stelic vascular cylinder and especially root ontogeny 
(see Voronin 1964) as well as the development of 

Class LILIOPSIDA 
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female gametophytes, stomatal patterns, seed anatomy, 
and the arrangement of the fi rst leaves (prophylls) on 
lateral axes. However, the sieve-element plastids of the 
nymphaeids are of S-type, and they are too specialized 
to be considered the ancestors of monocots. It is much 
more probable that they evolved from some remote 
common ancestor that was already more or less adapted 
to a relatively wet (but not yet aquatic) habitat.

Henslow (1911) considered the distinctive features of 
monocots the result of the primary adaptation to an 
aquatic habitat while Jeffrey (1917: 415) in his classical 
“Anatomy of Woody Plants” suggested an aquatic or 
amphibious way of life might have led to the loss of 
cambial activity. Henslow’s hypothesis has been criti-
cized by Sargant (1903, 1904), who concluded that many 
of the characteristic features of the monocots may be 
easier explained as having arisen as a result of adaptation 
to a geophilous habit. But apparently nearer to the truth 
was Parkin (1923: 59), who suggested “the golden mean” 
between the two hypotheses. He writes: “Respecting the 
relative merits of an aquatic or geophilous ancestry of 
monocotyledons, the two views may be somewhat rec-
onciled by regarding the earliest ones as neither mark-
edly aquatic nor extremely geophilous—in fact, marsh 
plants with stout rhizomes. Some of their descendants 
have become completely hydrophytic, others sharply 
geophytic, while others have returned to the arborescent 
habit by fresh means.” Apparently the ancient common 
ancestor of both the Nymphaeidae and monocots was a 
hygrophilous or perhaps even amphibious geophyte in 
which geophyly arose under wet terrestrial conditions – 
most probably under the forest canopy or in the forest 
margin. But as is well known, underground storage is 
usually a response to a resting season, and geophytes are 
abundant and highly diversifi ed in areas with a pro-
nounced resting season (see Bews 1927). Therefore, 
they could originate in a climate having a marked dry 
season (Sargant 1903; Stebbins 1974).

The class Liliopsida includes 4 subclasses, 31 
orders, 120 families, more than 3,000 genera, and 
about 65,000 species.
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Aquatic or marsh herbs. Leaves alternate or less often 
opposite or verticillate, with parallel or arcuate vena-
tion, usually with vaginate base. Stems with axillary, 
multiseriate hairs (intravaginal squamules) at the 
nodes (replaced by uniseriate, threadlike hairs in 
Scheuchzeria). Vessels absent or only in roots. Flowers 
in various types of infl orescences or solitary, bisexual 
or unisexual, actinomorphic or zygomorphic. Tapetum 
always plasmodial. Pollen grains almost always 
3-celled, 1-colpate or inaperturate, less often pantopo-
rate. Gynoecium apocarpous or syncarpous (mostly 
paracarpous), sometimes pseudomonomerous. Ovules 
bitegmic, crassinucellate, or sometimes almost tenui-
nucellate. Endosperm helobial or less often nuclear. 
Fruits of various types, in most archaic members mul-
tifollicles. Seeds usually without endosperm or some-
times only with vestigial endosperm.

Alismatidae share a common origin with Liliidae 
and some genera (e.g. Tofi eldia) occupied the some-
what intermediate position.

Alismatidae are one of the most archaic groups of 
monocotyledons. However, they are one of the blind 
branches of the archaic liliopsids rather than a basal, 
ancestral group (Les and Haynes 1995; Takhtajan 
1997). They are extremely heterobathmic and in 
 general very specialized. Cladistically the Alismatidae 
are very diversifi ed and consist of fairly isolated 
groups, which I prefer to consider as separate orders 
(Takhtajan 1987).

Derived from some archaic herbaceous members of 
early liliopsids.
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Superorder PETROSAVIANAE

Order 1. PETROSAVIALES

Small, chlorophyllous or achlorophyllous, rhizoma-
tous herbs with slender, usually simple, erect to creep-
ing stems; stems with a ring of bundles. Calcium 
oxalate crystals present (Tofi eldiaceae) or absent. 
Raphides absent or present. Vascular system weakly 
developed, with vascular bundles in singular ring. 
Some vessels only in roots, with scalariform perfora-
tions. Sieve-element plastids of P1/2c-type (Behnke 
2002). Leaves alternate, spirally arranged, basal or dis-
tichous, linear or reduced to scales, unifacial of bifa-
cial (Japonoliriaceae). Stomata anomocytic. Flowers 
small, in terminal or axillary (Japonoliriaceae) corymbs 
or racemes, rarely solitary, bracteate, with or without 
bracteoles, 3-merous, bisexual, actinomorphic. 
Perianth segments of six, in two cycles, persistent, free 
or basally connate. Stamens six, in two cycles, free or 

adnate to the base of perianth segments; fi laments 
 subulate; anthers basifi xed or dorsifi xed, introrse or 
latrorse, sometimes appendaged, opening longitudi-
nally. Tapetum secretory. Microsporogenesis simulta-
neous. Pollen grains 1-colpate, gemmate or reticulate. 
Septal nectaries present. Gynoecium of three, rarely 
4–6, carpels; stylodia free or rarely connate into a 
style, short, stigma capitate, subcapitate or styles with 
decurrent stigma. Ovary superior or semi-inferior, with 
numerous or only 4–5 (Japonoliriaceae) ovules in each 
carpel. Ovules anatropous to campylotropous, biteg-
mic or very rarely (Tofi eldia iridaceae, some sp. 
Narthecium) unitegmic, crassinucellate to semicrassi-
nucellate. Female gametophyte of Polygonum-type or 
sometimes of Allium-type. Endosperm helobial or 
nuclear (Petrosavia). Fruits follicular or capsular, 
 septicidal or ventrally dehiscent in upper part. Seeds 
small, more or less winged, often with appendages, 
testal; embryo small to minute and undifferentiated; 
endosperm copious, containing oil, proteins, or starch 
(Japonolirion). Steroidal saponins and chelidonic acid 
present.

Key to Families
1 Plants mycotrophic. Flowers in terminal corymbs or 

racemes; anthers dorsifi xed. Small herbs with slen-
der, usually simple, erect stem and thin rhizome 
 covered with sheathing scale leaves. Roots with a 
 cortex consisting of 4–6 layers of parenchyma cells 
containing mycorrhizal hyphae. Raphide idioblasta 
present. Vascular system weakly developed, with 
vascular bundles in singular ring. Some vessels in 
roots only, with scalariform perforations. Leaves 
reduced to alternate scales, the leaf primordial formed 
in distichous succession (Stant 1970). Flowers small, 
in  terminal corymbs or racemes, each subtended by a 
well-developed linear bract and bears a small bracte-
ole at the base of the pedicel, bisexual, actinomor-
phic. Perianth of six imbricate, basally connate, 
persistent, colorless segments in two cycles, the outer 
narrow, the inner broad-ovate, with a small gland at 
base. Stamens six in two cycles; fi laments subulate, 
adnate to the base of the perianth segments; anthers 
ovate, dorsifi xed, introrse, opening longitudinally; 
connective very shortly prolonged. Pollen grains 
gemmate. Gynoecium of three very shortly basally 
connate carpels with sutures closed at anthesis; stylo-
dia short, with slightly bifi d, subcapitate stigma; 
ovary semi-inferior, with numerous ovules on basal 
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submarginal placentas. Septal nectary present as sep-
tal glands, which extend from just below the lower-
most ovular insertion up to the level of carpellary 
separation, where they open on the lateral surfaces of 
the carpels and produce nectar drops (Sterling 1978). 
Ovules anatropous, bitegmic, semicrassinucellate, 
with nucellar cap. Endosperm nuclear. Fruits 
recurved-spreading, basally united follicles. Seeds 
numerous, minute, brown-ribbed, winged all around, 
with minute, undifferentiated embryo consisting of 
embryo proper and a suspensor; endosperm copious, 
containing oil and protein; seed coat formed by the 
outer layer of inner integument. Raphide idioblasts 
present; sieve tube plastids also with polygonal pro-
tein crystalloids. n = 15, 30. . . . 2. petrosaviaceae.

1 Plants not mycotrophic.
2 Capsules septicidal.

3 Calcium oxalate crystals lacking. Flowers in 
axillary racemes; anthers basifi xed. Infl ores-
cences axillary. Pollen grains gemmate or 
reticulate with roundish brochi. Herbs with 
slender, short to creeping, scaly rhizome. 
Leaves spiral, basal, tufted, bifacial, linear, 
with few parallel veins, scabrous on margin, 
sometimes longer than scape. Flowers small, in 
simple, long axillary racemes, bracteate, with-
out bracteoles, with short pedicels, 3-merous, 
bisexual, actinomorphic, without nectaries. 
Perianth segments six in two cycles, free, mem-
branous, persistent, outer oblong, inner obovate 
to spatulate. Stamens six in two cycles; fi la-
ments subulate; anthers ovate, introrse. 
Gynoecium of three carpels, 3-lobed, essen-
tially apocarpous –  carpels loosely connected 
only with the interdigitating papillae along the 
septal faces; stylodia short, recurved, with 
decurrent and papillate stigma; ovary usually 
with 4–5 ovules per locule; ovules anatropous, 
attached to the ovary wall by their micropyles 
and completely fi ll the locule (Remizowa et al. 
2006a). The septal nectaries are located in the 
lower part of ovary. Fruits separate septicidally 
through the weakly connate zone between the 
follicules (Utech 1984). Seeds small, broadly 
elliptical, without appendages; embryo small, 
straight; endosperm copious, starchy, weakly 
ruminate (Plisko 2004, personal communica-
tion); seed coat 1-layered, n = 12 (three chro-
mosomes long and with subterminal or 

submedian constrictions and nine chromosomes 
short and with median or submedian constric-
tions – Satô 1942).. . . . . . 1. japonoliriaceae.

3 Calcium oxalate crystals (druses, cuboidal 
crystals) present (unique crystalline inclu-
sions, druses, in parenchymatous tissues, and 
prismatic crystals in the bundle sheaths 
(Ambrose 1980). Perennial herbs with creep-
ing rhizome and simple or branched sympo-
dial stem. Raphides lacking. Roots fi brous. 
Vessels only in roots, with scalariform perfo-
rations. Sieve-element plastids with polygonal 
crystals. Leaves spirally arranged, mostly 
basal, reduced upwards to bracts,  laterally fl at-
tened (unifacial), sheathing at base, linear; 
venation parallel, sometimes with midrib. 
Flowers small, in terminal, sometimes glandu-
lar, racemose infl orescences, rarely 
(Harperocallis) solitary, bisexual, actinomor-
phic, pedicillate or sessile, typically subtended 
by a bract and a calyx-like involucre (clycu-
lus) of three (occasionally 2, 4, or 0) distinct or 
connate bracteoles. Perianth segments six in 
two cycles, free, petaloid, persistent, with 
outer cycle sometimes slightly wider or longer 
than inner. Stamens usually six in two cycles 
or (Pleea) nine or rarely 10 or more; fi laments 
free, more or less broadened at base; anthers 
basifi xed or dorsifi xed, introrse or latrorse, 
occasionally with apical appendage, dehiscing 
longitudinally. Pollen grains 2-celled, tectate 
or semitectate, with two distal colpi, reticulate. 
Gynoecium of three (rarely 4–6) carpels, 
nearly apocarpous or syncarpous below and 
apocarpous above or (Isidrogalvia) totally syn-
carpous, often (Tofi eldia, Pleea, Harperocallis) 
stipitate (probably a plesiomorphic condition); 
stylodia free or (Isidrogalvia) connate into a 
style with capitate stigma. Septal nectaries 
(basal intercarpellary glands – a unique nectary 
type, which may be nonhomologous with the 
septal nectaries of other monocots – Utech 
1978; Zomlefer 1997) present. Ovules few to 
numerous in each carpel or in each locule, ana-
tropous to campylotropous, bitegmic or more 
rarely unitegmic (Tofi ldia iridaceae), crassinu-
cellate to tenuinucellate (?). The archesporial 
cell cuts off a primary parietal cell. Female 
gametophyte of Polygonum-type or sometimes 
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of Allium-type. Endosperm helobial. Fruits 
 follicular or septicidal capsules. Seeds elliptical 
to fusiform, often with terminal appendages on 
one or both ends (micropylar and chalazal); 
seed coat testal, phytomelan lacking, but in 
Tofi eldia contains phlobaphene deposits; 
embryo small; endosperm copious. Steroidal 
saponins, tannins, chelidonic acid, fl avonoids 
(kaempferol, quercetin), and sometimes, as in 
Tofi eldia, also glycosides and alkaloid absent 
(L.S. Teslov 2000, personal communication); 
n = 15, rarely 14, 16.  . . . . . 3. tofieldiaceae.

2 Capsules loculicidal. Perennial herbs with short 
or creeping rhizome. Raphides present. 
Scattered fi bres present in the phloem. Root 
cortex aerenchyma  present. Vessels only in 
roots, with scalariform perforations. Leaves 
mostly basal, spiral, bifacial or unifacial, linear 
to ovate, sessile, narrowed to sheathing base, 
parallel veined. Flowers small, in terminal 
spikes or simple or compound racemes, bracte-
ate and usually bracteolate, 3-merous, bisexual, 
actinomorphic. Perianth segments six in two 
cycles, petaloid, free or more or less connate 
into a tube, adnate to the lower part of ovary, 
persistent. Stamens six in two cycles; fi laments 
fi liform, inserted at base of perianth segments, 
slender, glabrous, or wooly pubescent; anthers 
basifi xed to dorsifi xed, linear to cordate-orbicu-
lar, tetrasporangiate, introrse. Pollen grains 
ellipsoid, tectate or semitectate, reticulate, 
foveolate, or gemmate. Gynoecium of three 
united carpels; style with 3-lobed to punctiform 
stigma; ovary superior to semi-inferior, 3-locu-
lar or 3-locular below and 1-locular above, 
sometimes with septal nectaries. Ovules numer-
ous, anatropous, according to Remizowa et al. 
(2006), all species examined ovules bitegmic, 
(unitegmic according to Sterling 1979 at least in 
Nartheciun), crassinucellate, with parietal cell. 
Female gametophyte of Polygonum-type. 
Endosperm helobial. Fruits loculicidal capsules 
subtended by  persistent perianth Seeds ellipsoid 
to fusiform,  appendaged at both ends 
(Narthecium) or without appendages (Aletris). 
Accumulate steroidal saponins and sometimes 
glycosides and chelidonic acid, no  fl avonols. n 
= 12, 13 (common), 21, 22, 23, × more probably 
7 (Zomlefer 1997).. . . . . . . 4. nartheciaceae.

1. JAPONOLIRIACEAE

Takhtajan 1996. 1/1. Serpentine swamps of northern 
and central Japan (Hokkaido, Honshu).

Japonolirion
Most probably the basal family in the monocoty-

ledons.

2. PETROSAVIACEAE

Hutchinson 1934. 1/2. Eastern Asia, West Malesia 
(Malaya, Borneo).

Petrosavia (including Miyoshia and Protolirion).
Related to the Japonoliriaceae, but differ in 

mycotrophic habitus, in having a semi-inferior ovary, 
in the structure of the septal nectaries, stigma, number 
of ovules, nuclear endosperm, fruits and oily and 
 protein endosperm.

3. TOFIELDIACEAE

Takhtajan 1995. 4/25. Temperate Eurasia (especially 
eastern Asia), North America, South America 
(Venezuela, Guyana, Colombia, Ecuador, Peru). 
Harperocallis (1) is endemic to Florida, Isidrogalvia 
(5) to northern South America.

Harperocallis, Tofi eldia, Pleea (sometimes included 
in Tofi eldia), Isidrogalvia.

The Tofi eldiaceae is one of the archaic family, 
which has been considered by many authors as the 
basal in monocotyledons (Lotsy 1911; Takhtajan 1959, 
1966, 1980, 1987, 1997; Eames 1961; Radulescu 1973; 
Goldblatt 1995; Tamura 1998).

4. NARTHECIACEAE

E.M. Fries ex J. Bjurzon 1846 (including Lophiolaceae 
Nakai 1943). 4/40. Temperate Eurasia to Malesia, 
North America, and (monotypic genus Nietneria) 
Venezuela and Guyana.

Narthecium, Nietneria, Aletris (including Metan-
arthecium), Lophiola.

Related to the Tofi eldiaceae, but stylodia connate 
into a style, anthers mostly extrorse, raphides are 
 present, and capsule loculicidal. No alkaloids are 
known.
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Superorder ALISMATANAE

Order 2. HYDROCHARITALES

Perennial or rarely annual, aquatic herbs often with an 
elongate rhizome or stolon, frequently partly or wholly 
submerged and rarely free-fl oating. Vessels absent or 
only in roots, with scalariform (Hydrocharitaceae) or 
with simple (Butomaceae) perforations. Leaves radical 
or cauline, alternate, sometimes distichous, or opposite 
or verticillate, often more or less sheathing or rarely 
stipular-expanded at the base, sometimes differentiated 
into petiole and lanceolate, elliptic or cordate-ovate 
lamina. Stomata usually paracytic or more often 
 lacking. Flowers from rather large to very small and 
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inconspicuous, solitary, paired, or in few-fl owered 
cymose infl orescences subtended by two distinct or 
more or less connate bracts forming a sessile or long-
pedunculate (sometimes spirally twisted) spathe, 
bisexual or more often unisexual and dioecious, 
 actinomorphic or sometimes slightly zygomorphic, 
 usually 3-merous. Perianth segments free, mostly six 
in two cycles or three in one cycle, rarely perianth 
absent. Stamens 2–3 to numerous; anthers basifi xed or 
dorsifi xed, tetrasporangiate or seldom disporangiate, 
opening longitudinally, introrse to generally extrorse. 
Tapetum plasmodial. Microsporogenesis successive or 
rarely (Aponogetonaceae) simultaneous. Pollen grains 
usually 3-celled. Nectaries present or absent. 
Gynoecium of (2)3–6 (up to 15–20) united or nearly 
free carpels, rarely (Najadaceae) of one carpel;  stylodia 
often bilobed or bifi d, sometimes shortly connate at the 
base; stigmas papillate, sometimes (Butomaceae, 
Aponogetonaceae) decurrent; ovary superior or 
 inferior, unilocular, often with more or less deeply 
intruded, free carpellary margins. Ovules numerous to 
few, or solitary (Najadaceae), anatropous or orthotro-
pous, bitegmic, or rarely (Aponogeton distachyos) 
unitegmic, crassinucellate. Female gametophyte of 
Polygonum-type. Endosperm helobial or nuclear 
(Najadaceae). Fruits submerged, multifollicles, achene-
like, or fl eshy, berrylike, or less often dehiscent. Seeds 
usually few to numerous, ellipsoidal to cylindrical or 
fusiform, smooth or with highly complex testa; 
endosperm absent or rarely scanty; embryo usually 
more or less straight, relatively large, with a massive 
hypocotyls, rich of starch. Present proanthocyanidins 
(cyanidin) n = 6, 7, 8–15.

The Hydrocharitales are the basal group of the 
Alismatidae.

Key to Families
1 Vessels absent. Annual or rarely perennial sub-

merged herbs of fresh or brackish water Stems slen-
der, more or less branched, with a much reduced 
conducting system. Roots fi brous. Leaves spiral, 
sub-opposite (essentially spirodistichous) or 
pseudoverticillate, with sheathing base, linear to 
linear-lanceolate, 1-veined, the margins serrulate to 
denticulate, the apex acute or acuminate, with 1–3 
teeth on each side; sheaths open, and commonly 
enclosing two tiny, intravaginal squamules. Stomata 
lacking. Flowers very small and inconspicuous, axil-
lary, solitary, or in small clusters, unisexual (monoe-

cious or rarely dioecious), hydrophilous (pollination 
takes place under water). Male fl owers are subsessile 
and consist of a single stamen and mostly subtended 
by one or two very thin hyaline envelopes of 
unknown origin; the anther subsessile or on a very 
short fi lament, tetrasporangiate or rarely with one 
microsporangium, opening by an apical slit. 
Microsporogenesis successive. Pollen grains 
3-celled, globose to ellipsoidal, inaperturate or rarely 
slightly 1-colpate (Bolkhovskikh 1983), with thick 
intine and very thin exine. Female fl owers are ses-
sile; they are naked and composed of one ovule sur-
rounded by a very thin (two cell layers thick) 
transparent carpellary wall. The gynoecium is either 
monocarpellary or pseudomonomerous; the stylo-
dium divided some distance from the base into two 
stigmatic branches and sometimes into some shorter, 
nonstigmatic lobes as well; ovary superior, with one 
basal ovule. Ovules  anatropous, crassinucellate. A 
parietal cell is cut off from the primary archesporial 
cell. Female gametophyte usually of Polygonum-
type, rarely bisporic. Endosperm nuclear. Fruits 
indehiscent, with the endocarp tightly enclosing the 
seed and dehiscing by decay. Seeds fusiform to 
elliptic, more or less areolate, without endosperm, 
mesotestal; exotesta more or less deeply pitted with 
areolae which are arranged in longitudinal rows 
embryo cylindrical, straight or rarely slightly curved; 
the mesotesta consists of stone cells; the lower peri-
clinal wall of endotegmen tuberculate. n = 6, 7, 8, 
17 +.  . . . . . . . . . . . . . . . . . . . . . . . . 3. najadaceae.

1 Vessels present only in roots.
2 Vessels with scalariform perforations.

3 Flowers bracteate. Perennial or rarely annual, 
fresh-water or salt-water herbs often with an 
elongate rhizome or stolon, frequently partly 
or wholly submerged and rarely free-fl oating. 
Vessels absent or only in roots, with scalari-
form perforations. Leaves radical or cauline, 
alternate, sometimes distichous, or opposite 
or verticillate, often more or less sheathing or 
rarely (as in Hydrocharis) stipular-expanded 
at the base, sometimes differentiated into pet-
iole and lanceolate, elliptic or cordate-ovate 
lamina, with various kinds of venation; intra-
vaginal scales present, usually 2–10 or more, 
or rarely only one in each leaf axil. Stomata 
usually paracytic or more often lacking. 
Flowers from rather large to very small and 
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inconspicuous, solitary, paired, or in few-
fl owered cymose infl orescences subtended by 
two distinct or more or less connate bracts 
forming a sessile or long-pedunculate (some-
times spirally twisted) spathe, bisexual or 
more often unisexual and dioecious, actino-
morphic or sometimes slightly zygomorphic, 
usually 3-merous. Perianth segments free to 
the base, mostly six in two cycles or three in 
one cycle, rarely only two; when six the outer 
may be sepaloid, green and valvate, and the 
inner petaloid, white or variously colored and 
imbricate, sometimes with a basal gland, 
rarely perianth absent. Stamens numerous to 
2–3 (in some plants even to one), when numer-
ous in up to six cycles of three; anthers bas-
ifi xed or dorsifi xed, tetrasporangiate or 
seldom disporangiate, introrse to extrorse. 
Microsporogenesis successive. Pollen grains 
usually 3-celled, inaperturate; the exine is 
very thin or reduced; pollen transferred 
directly from the male fl ower to the female, 
through the air, or (in Thalassia and Halophila) 
through the water. Gynoecium of (2)3–6 (up 
to 15–20) united carpels; stylodia often 
bilobed or bifi d, sometimes shortly  connate at 
the base; stigmas papillate; ovary inferior, 
unilocular, often with more or less deeply 
intruded, free carpellary margins; placenta-
tion laminar-diffuse (ovules scattered over the 
surfaces of the partial partitions) or parietal 
when the partitions are not intruded. Nectaries, 
when present, usually three, rarely more, 
borne on the bases of the styles (probably 
androecial in origin – Cook 1998). Ovules 
numerous to few, anatropous or orthotropous, 
bitegmic, crassinucellate, with the parietal 
cell usually cut off from the primary arches-
porial cell. Endosperm helobial. Fruits sub-
merged, fl eshy, berrylike, but generally 
dehiscent, splitting up irregularly or some-
times (as in some  species of Ottelia) regularly. 
Seeds few to numerous, ellipsoidal to cylin-
drical or fusiform, smooth or with highly 
complex testa; seed coat formed by the outer 
integument; endosperm absent or rarely 
(Ottelia) scanty; embryo usually more or less 
straight, relatively large, with a massive hypo-
cotyl (often with unicellular hairs) and well 

developed radicle and in some genera has 
several leaves already developed before ger-
mination the lower periclinal wall of the 
inner or less often upper layer of the tegmen 
more or less tuberculate. n = ? 6, 7–15.
. . . . . . . . . . . . . . . . . 4. hydrocharitaceae.

3 Flowers without bracts. Perennial freshwater 
herbs with starch-rich, sympodial, tuberlike 
rhizomes or corms, rooted in the substrate. 
Articulated laticifers consisting of long cells 
containing tannins (proan-thocyanins) or oil 
are present in leaves and the infl orescence 
axis. Vessels wanting or only in roots, with 
scalariform perforations. Leaves all basal, 
usually distinctly petiolate, loosely sheathing 
at the base, with intravaginal squamules in the 
leaf axils; lamina linear to oblong-elliptic, 
sometimes fenestrate by loss of the mesophyll 
between the veins, submerged or fl oating, usu-
ally with a distinct midrib and one or more 
pairs of apically converging parallel or arcuate 
primary veins connected by numerous trans-
verse secondary veinlets. Stomata only on the 
fl oating laminas, paracytic. Calcium oxalate 
crystals are abundant in the mesophyll of fl oat-
ing leaves. Infl orescence is a simple, bifurcate 
or sometimes up to ten times forked spike 
exerted from the water on a leafl ess scape and 
in bud enclosed by a caducous or sometimes 
persistent spathelike bract; rarely (Aponogeton 
ranunculifl orus) the infl orescence is con-
densed into a few-fl owered pseudanthium. 
Flowers usually small, bisexual or sometimes 
unisexual and dioecious, actinomorphic or 
sometimes zygomorphic, 3-merous, without 
bracts. Perianth segments (1-)2(-6), absent in 
female fl owers of dioecious species, free, usu-
ally petaloid and mostly persistent. Stamens 
free, mostly six in two cycles, but in A. dis-
tachyos 8–16 in several cycles; staminodia 
present; fi laments elongate, anthers small, tet-
rasporangiate, extrorse. Microsporogenesis 
successive or simultaneous. Pollen grains 
3-celled, more or less ellipsoid, 1-colpate, 
with long colpi; the tectum perreticulate with 
fi ne supratectal spines; the aperture membrane 
may bear small spinules or granules. 
Gynoecium of (2)3(-9) carpels; carpels nearly 
free or more or less basally and adaxially 
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connate, but separating at maturity, with septal 
nectaries; stylodia short, with a ventral stig-
matic groove (stigmas decurrent); in each car-
pel 2–12 basal-submarginal ovules. Ovules 
anatropous, bitegmic or rarely (A.distachyos) 
unitegmic, crassinucellate; a parietal cell is cut 
off from the primary archesporial cell. 
Endosperm helobial. Fruits of nearly free folli-
cles. Seeds smooth, ridged or winged, testal, 
with straight embryo and without endosperm. 
Testa protective or not, endotegmen tanninif-
erous, or undifferentiated and translucent. 
Leucoanthocyanins and fl avonols present, 
bur C-glycosylfl avons absent. n = 8, 12 +.
  . . . . . . . . . . . . . . . . . 1. aponogetonaceae.

2 Vessels with simple perforations. Emergent 
aquatic perennial herbs with stout, creeping, 
monopodial, dorsiventral, aerenchymatous rhi-
zome, rich in starch and provided with scattered 
tanniniferous cells containing proanthocyanins. 
Vessels only in the roots, with simple perfora-
tions. Leaves all radical and arise in two rows 
along the rhizome, nearly distichous or nearly 
distichous, linear, erect, and more or less trian-
gular in transverse section, not differentiated 
into petiole and lamina, parallel-veined, sheath-
ing at the base, and provided with numerous 
intravaginal squamules. Stomata mostly para-
cytic. Flowers in scapose, axillary, umbel-like 
complex of cymes subtended by (2)3(4) bracts, 
bisexual, actinomorphic, 3-merous. Perianth 
segments six in two cycles, free, the outer three 
a little smaller, greenish and sepal-like, the inner 
pink and petaloid. Stamens nine in two cycles, 
the outer consisting of three pairs of obliquely 
antesepalous members, the inner of three sepa-
rate antepetalous members; fi laments long, erect, 
fl attened; anthers basifi xed, tetra-sporangiate, 
latrorse. Microsporogenesis successive. Pollen 
grains 3-celled, 1-colpate, boat-shaped, tectate-
columellate, reticulate. Gynoecium of 6(-9) 
nearly free conduplicate carpels with short sty-
lodia ending in a shortly bilobed and shortly 
decurrent stigma; the  margins of each carpel are 
never fused but are held together in the distal 
portion by interlocking hairs; the basal lateral 
sides of the carpels nectariferous (septal 
 nectaries); each carpel with numerous ovules 
scattered over their inner surface, except on the 

midrib and edges. Ovules anatropous, bitegmic, 
nearly crassinucellate, with parietal cell cut off 
from the archesporial cell. Female gametophyte 
of Polygonum-type. Endosperm helobial. Fruits 
multifollicles. Seeds numerous, small, cylindri-
cal, longitudinally ribbed; seed coat formed by 
both integuments, but mainly by testa; embryo 
straight, rich of starch; endosperm  vestigial, of 
thin layer of thick-walled obliterated cells, 
n = 8, 10–13.  . . . . . . . . . . . . . . 2. butomaceae.

1. APONOGETONACEAE

J. Agardh 1858. 1/50. Tropical and subtropical regions 
of the Old World, mostly in Africa and Madagascar.

Aponogeton.
In spite of their highly specialized habit, the 

Aponogetonaceae retain such plesiomorphic charac-
ters, as apocarpous gynoecium composed of primitive 
carpels with decurrent stigma and 1-colpate pollen 
grains.

2. BUTOMACEAE

Mirbel 1804. 1/1. Temperate regions of Eurasia and 
North Africa.

Butomus.
Butomus umbellatus, the only member of this 

monotypic order, is extremely heterobathmic. In regard 
to its apocarpous gynoecium, decurrent stigma, lami-
nar-diffuse placentation, and 1-colpate pollen grains it 
is a rather archaic monocot. However, a rather 
 specialized infl orescence, simple perforations of the 
vessels, and very reduced, vestigial endosperm in the 
mature seeds makes it a considerably advanced mem-
ber of the monocots.

3. NAJADACEAE

A.L. de Jussieu 1789. 1/40–50. Subcosmopolitan.
Najas.
Closely related and could have originated from the 

submerged Hydrocharitaceae (Shaffer-Fehre 1991b; 
Haynes et al. 1998), especially to Hydrocharitoideae, 
but differ markedly in superior ovary and nuclear 
endosperm.
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4. HYDROCHARITACEAE

A.L. de Jussieu 1789 (including Blyxaceae Nakai 1949; 
Elodeaceae Dumortier 1829; Enhalaceae Nakai 1943; 
Halophilaceae J. Agardh 1858; Hydrillaceae Prantl 
1879; Stratiotaceae Link 1829; Thalassiaceae Nakai 
1943; Vallisneriaceae Link 1829). 17/c.75. Widely dis-
tributed, but mainly in tropics and subtropics.

4.1 HYDROCHARITOIDEAE
Freshwater or rarely marine plants, pollinated at or 
above the surface of water. Pollen grains in monads. 
Perianth mostly double. – Ottelia, Stratiotes, Hydro-
charis, Limnobium, Blyxa, Apalanthe, Egeria, Elodea, 
Hydrilla, Appertiella, Lagarosiphon, Nechamandra, 
Maidenia, Vallisneria, Enhalus.

4.2 THALASSIOIDEAE
Marine plants, pollinated beneath the surface of the 
water. Pollen grains cohere in moniliform chains; they 
form pollen tubes before reaching the stigma. Leaf-
bearing branches arising from the rhizome at distances 
of several internodes. Leaves alternate, distichous, with 
longitudinal venation. Spathial leaves partly connate. 
Infl orescences pedunculate, unifl orous. Flowers dioe-
cious, with three uncolored perianth segments. Stamens 
3–13, all fertile; anthers latrorse. Gynoecium of 6–8 
carpels; each stylodium divided into two fi liform stig-
mas that are 2–6 times as long as the stylodium; ovary 
1-locular or imperfectly 2–3-locular. Fruits with fl eshy 
pericarp bursting into a number of irregular, stellately 
spreading valves. Seeds conical with a thickened basal 
portion. Embryo straight. Cotyledon not coiled. Tannin 
cells present. – Thalassia.

4.3 HALOPHILOIDEAE
Marine plants pollinated beneath the water or at the 
water surface. Pollen grains cohere in moniliform 
chains; they form pollen tube before reaching the 
stigma. Leaf-bearing branches arising from the  rhizome 
at each internode. Leaves opposite, in pseudowhorls or 
distichous, sessile or petiolate, linear to ovate, pin-
nately veined. Spathial leaves free. Infl orescences ses-
sile, unifl orous or rarely having one male fl ower and 
one female fl ower on one spathe. Flowers monoecious 
or dioecious. Male fl owers have three tepals and three 
stamens; anthers extrorse. Female fl owers with a vesti-
gial perianth. Gynoecium of 3–5 carpels; stylodia 
 linear, 3–5, undivided; ovary 1- locular. Fruits ovoid or 

globose, with membranous pericarp, dehiscent by 
decay of the pericarp. Embryo somewhat curved, 
 cotyledon spirally coiled upon itself. Tannin cells 
absent. – Halophila.

A considerably advanced taxon, which is clearly 
closely related to the Butomaceae with which shares a 
common origin.
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Order 3. ALISMATALES

Perennial or rarely annual emergent aquatic or marsh 
herbs with strongly aerenchymatous and commonly 
creeping rhizomes. Roots fi brous. Plants usually with 
schizogenous secretory canals that are lined with an 
epithelium. Vessels only in roots, with scalariform, or 
simple, or scalariform and simple perforations. Sieve-
element plastids of P2c-type (Behnke 2002). Leaves 
alternate, more or less crowded near the tip of the rhi-
zome or stolen, usually somewhat expanded and sheath-
ing at the base, sometimes differentiated into lamina 
and petiole. Venation arcuate or parallel. Stomata para-
cytic or (some Alismataceae) tetracytic. Flowers in 
various kinds of infl orescences or solitary, bisexual or 
unisexual, usually actinomorphic, spirocyclic or cyclic, 
3-merous, with double or rarely simple perianth, some-
times naked. Stamens 6–9 to many, rarely three; fi la-
ments free; anthers basifi xed or versatile, extrorse or 
latrorse, tetrasporangiate, opening longitudinally. 

Tapetum plasmodial. Microsporogenesis successive. 
Pollen grains tectate-columellate, 3-celled, 2-pantopo-
rate (up to 29 pores) or sometimes inaperturate, spinose. 
Gynoecium of three, six, nine, or more (up to 15–20) 
free or basally connate carpels; stylodia terminal or (as 
in many Alismataceae) gynobasic, with slightly decur-
rent or apical stigma; each carpel with more or less 
numerous ovules with laminar-diffuse placentation or 
in each carpel one or several basal or subbasal ovules. 
Ovules anatropous or amphitropous, bitegmic, weakly 
crassinucellate, sometimes with weakly developed 
endothelium, without a parietal cell cut off from the pri-
mary archesporial cell. Female gametophyte of Allium-
type. Endosperm helobial or (in some Alismataceae) 
nuclear. Fruits multi-follicles or achenes. Seeds hor-
shoe-shaped, testal, without endosperm or only with 
vestigial layer (Alismataceae).

Close to the Hydrocharitales. In Engler’s system the 
Limnocharitoideae are even included in the Butomaceae 
s.l. However, they differ from the Butomaceae s. str. in 
anatomy (secretory canals), pollen morphology, 
embryology, and seed shape, “whereas in all these fea-
tures the Limnocharitaceae approach very closely the 
Alismataceae” (Dahlgren et al. 1985: 301).

Key to Families
1 Each carpel with numerous ovules scattered over its 

inner surface. Perennial aquatic herbs rooted in the 
substrate or free-fl oating; rhizome with endoder-
mis. Vessels with more or less oblique, scalariform 
and simple perforations. Leaves spiral to distichous 
( spirodistichous), petiolate, the laminas orbicular to 
lanceolate, the base cordate to attenuate; axillary 
scales present. Stomata paracytic. Flowers terminal, 
solitary or  aggregated in pseudoumbels, bracteate, 
actinomorphic, bisexual. Periant segments six, free, 
in two cycles. Stamens 3, or 6, or 7–100; anthers 
extrorse or latrorse. Carpels 3, or 5–9, or 12–20, 
conduplicate and distally unsealed, each with a 
short, terminal stylodium ending in a shortly 
decurrent stigma or the stigma sessile. Ovary supe-
rior, ovules 12–100 per carpel, anatropous to 
campylotropous, pseudocrassinucellate. Lateral 
 surface of the carpels nectariferous toward the 
base. Fruits  follicular, aggregated in a head. Seeds 
with curved, horseshoe shaped or bent; without 
endosperm. Flavone and phenolic sulphates and 
 tannins present. n = 7, 8, 10, chromosomes large.
. . . . . . . . . . . . . . . . . . . . . . 1. limnocharitaceae.
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1 Each carpel with solitary or rarely several ventral-
basal ovules. Perennial or rarely annual, rhizoma-
tous herbs, generally rooted in the substrate. Vessels 
only in roots, mostly with simple perforations. 
Leaves submerged and emergent, alternate, distic-
hous, spirodistichuous or spirally arranged, sessile 
or petiolate; the laminas linear, lanceolate, ovate to 
rhomboid, the base attenuate, truncate, cordate, 
sagittate, or hastate; axillary scales present. Stomata 
paracytic or rarely tetracytic. Flowers bisexual or 
unisexual, in terminal infl orescences, bracteate. 
Perianth segments six, free, in two cycles, white, 
red or pink. Stamens 3–6 in one cycle, or 18–100 
(to many) in many cycles; anthers extrorse. 
Gynoecium of three carpels or of 6–100 (or more); 
carpels closed, with a terminal, lateral, or gynobasic 
stylodium and often with slightly decurrent stigma. 
Ovules 1–2, rarely more per carpel, ascending, ana-
tropous or amphitropous, weakly crassinucellate. 
Nectaries generally borne at the basal margins of 
the carpels. Fruits achenes or rarely, as in 
Damasonium, basally dehiscent follicles. Seeds 
with starch; embryo curved (horsesho-shaped), 
achlorophyllous, endosperm lacking; testa without 
phytomela, usually membranous, sometimes thinly 
leather, then brown. Flavone and phenolic sulphates 
and tannins present; Alkaloids and proanthocyani-
dins (cyanidin), fl avonols (kaempferol and querce-
tin) present or absent; n = (5-)7–11(-13). 
. . . . . . . . . . . . . . . . . . . . . . . . . . 2. alismataceae.

1. LIMNOCHARITACEAE

Takhtajan ex Cronquist 1981. 3/12. Tropical and sub-
tropical regions of the Old and New World.

Limnocharis, Hydrocleys, Butomopsis.
The most archaic member of the family is 

Limnocharis (Takhtajan 1966; Haynes and Holm-
Nielsen 1992), which is also the least specialized genus 
in the order Alismatales.

2. ALISMATACEAE

Ventenat 1799 (including Damasoniaceae Nakai 1943). 
12/80–90. Subcosmopolitans.

Damasonium (including Machaerocarpus), 
Baldellia, Alisma, Luronium, Ranalisma, Echinodorus 
(? including Helianthium), Caldesia, Limnophyton, 
Astonia, Sagittaria, Wiesneria, Burnatia.

Very closely related to the Limnocharitaceae. The 
genus Ranalisma forms a connecting link between the 
Alismataceae and Limnocharitaceae (Posluszny and 
Charlton 1993).
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Order 4. POTAMOGETONALES

Perennial or rarely annual plants growing in marshes 
or other very wet places, or aquatic or sub-aquatic and 
mostly freshwater herbs with rhizome rooted in sub-
strate. Roots fi brous. Vessels only in roots and rarely 
(Scheuchzeriaceae) in rhizomes, with scalariform per-
forations, or less often vessels absent. Sieve-element 
plastids of P2c-type (Potamogetonaceae – Behnke 
2002). Leaves basal and cauline, alternate to opposite 
or rarely verticillate, mostly linear or capillary, with 
well-developed, open sheath, mostly ligulate, with 
intravaginal squamules, submerged or the upper ones 
fl oating and with expanded, lanceolate to elliptic, ovate 
or orbicular lamina and a slender petiole; veins when 
more than one parallel or arcuate, often connected by 
cross-veins. Stomata present or absent. Tannin cells 
present or absent. Flowers small to minute, in axillary 
or terminal raceme-like infl orescences, bisexual or uni-
sexual, actinomorphic or less often slightly zygomor-
phic, mostly 6–4-merous. Perianth segments in one or 
two cycles or wanting, when free, or adnate to the 
 fi laments. Stamens 6, 4 or rarely 2–3, or 1. Anthers 
nearly sessile, basifi xed, mostly tetrasporangiate, 
extrorse, opening longitudinally. Tapetum plasmodial. 
Microsporogenesis successive. Pollen grains 2-celled 
or more often 3-celled, tectate-columellate, inapertu-
rate, usually reticulate. Gynoecium of (1–3)4–6(-16) 
free or only partly united carpels; stigmas sessile or on 
short stylodia, sometimes slightly decurrent ventrally. 
Ovary superior, ovules 1–2, pendulous from the  ventral 
margin of the carpel, anatropous or orthotropous, or 
ortho-campylotropous, but after fertilization becoming 
amphitropous, bitegmic, crassinucellate, with a  parietal 
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cell cut off from the archesporial cell. Female gameto-
phyte of Polygonum-type, or rarely (Zannichelliaceae) 
of Allium-type. Endosperm helobial or nuclear. Fruits 
indehiscent or rarely dehiscent, follicles, achenes, 
drupe-like or achene-like, nutlets. Seeds without 
endosperm or endosperm scanty; embryo straight or 
slightly curved, sometimes with large hypocotyl. Seeds 
exotestal, or coat crushed. Flavone aglycones, fl avone 
glycosides, and C-glycosylated fl avones are common; 
n = 6, 8–11.

Related to the Alismatales and have a common 
 origin from the alismatalean ancestor.

Key to Families
1 Vessels with scalariform perforations.

2 Stamens mostly six in two cycles.
3 Fruits follicles. Perennial marsh herbs with 

sympodial rhizome covered with persistent 
fi brous remains of older leaves and leafy stem. 
Adventitious roots inserted below the nodes. 
Vessels both in roots and in rhizomes. Leaves 
basal and cauline, alternate, distichous, linear, 
compressed-terete, parallel-veined, with open 
sheathing base, the apex obtuse with a con-
spicuous apical pore; sheath marginally hya-
line, with two delicate auricles, at the base 
with a dense axillary row of numerous long 
hairs that replace intravaginal squamules, with 
well-developed air lacunae in the mesophyll. 
Stomata tetracytic. Tannin cells present, and 
some calcium oxalate crystals occur in the 
mesophyll. Flowers in terminal raceme-like 
infl orescence in the axils of more or less bract-
like leaves, bisexual, actinomorphic. Perianth 
segments six in two cycles, all similar, rela-
tively small, yellow-green. Stamens free; the 
fi laments short, anthers linear, basifi xed, with 
a short connective tip. Pollen grains 3-celled, 
in dyads, globose, inaperturate, reticulate, the 
reticulum is continuous between the two 
grains. Gynoecium of three or rarely six car-
pels shortly connate at the base; carpel mar-
gins not completely fused (“The carpel walls 
retain an open ventral suture throughout the 
early and mid stages of development and even 
in late developmental stages the suture does 
not fully fuse” – Posluszny 1983); stigmas 
sessile, decurrent on the upper part papillate. 
Each carpel with two (rarely one) basal- axile, 

anatropous ovules. Endosperm helobial. Fruits 
of divaricate follicles. Seeds oblong, testal, 
with large straight embryo and scanty vesti-
gial endosperm consisting of several layers of 
strongly compressed cells. Testa smooth, 
thick, derived mainly from the outer integu-
ment, the outer epidermis of the outer integu-
ment transforms into exotesta. The plants are 
rich in the cyanogenic glucoside triglochinin. 
n = 11. . . . . . . . . . . . . 1. scheuchzeriaceae.

3 Fruits achenes. Perennial or rarely annual 
plants growing in marshes or other very wet, 
often saline, places, sometimes aquatic or sub-
aquatic. Perennial species have short or elon-
gated rhizome or stolone. Roots fi brous or 
sometimes distally tuberous. Vessels only in 
roots. Leaves mostly or wholly basal, alter-
nate, linear, with open sheathing base; sheath 
adnate to the lamina, with two auricles; intrav-
aginal squamules membranous. Stomata 
mostly paracytic. Crystals of calcium oxalate 
few and tannin cells lacking. Flowers small 
and inconspicuous, in terminal, mostly bract-
less spikes or spikelike racemes, bisexual or 
unisexual (in Tetroncium dioecious), actino-
morphic or less often slightly  zygomorphic, 
3-merous, 2-merous, or 1-merous, generally 
ebracteate, anemophilous. Perianth mostly of 
six free and more or less similar segments in 
two cycles (Triglochin) or of four, three, two, 
or even one segments in one or two cycles, 
rarely wanting (unisexual fl owers of Lilaea). 
Stamens mostly six in two cycles, rarely three, 
four or eight, or (in Lilaea) even one;  fi laments 
very short. Pollen grains 2-celled or 3-celled, 
in monads, globose, inaperturate, tectate-colu-
mellate, reticulate. Gynoecium of 3, 4–10, or 
commonly six  carpels, nearly apocarpous 
(Cyanogeton) to weakly connate (Tetroncium, 
Maundia), but becoming separate in the fruit 
stage; in (Lilaea) the gynoecium is either of 
only of one carpel (Cronquist 1981) or 
pseudomonomerous, initially consisted of 
three carpels (Singh 1965), which is probably 
supported by its three dorsal vascular bundles; 
stigma mostly sessile or on short or rarely very 
long stylodium; in each carpel or in each ovary 
locule one or two, basal or less often (Maundia) 
subapically pendulous, ovules. Ovules anatro-
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pous or less often (Maundia) orthotropous. 
with a parietal cell cut off from the archespo-
rial cell. Endosperm nuclear. Fruits of achenes, 
in Lilaea of a single achene. Seeds with 
straight or nearly straight embryo and vesti-
gial endosperm consisting of thin, inconspicu-
ous membrane. Cyanogenic, containing the 
cyanogenic glucoside triglochinin. n = 6, 8, 
9, 11. . . . . . . . . . . . . . . . . 2. juncaginaceae.

2 Stamens four. Perennial or rarely annual aquatic 
and mostly freshwater herbs with creeping rhi-
zome rooted in substrate. Roots fi brous. Vessels 
only in roots. Leaves alternate to opposite or rarely 
verticillate, mostly linear or capillary, with well-
developed, open sheath, mostly ligulate, with 
intravaginal squamules, submerged or (in some 
species of Potamogeton) the upper ones fl oating 
and with expanded, lanceolate to elliptic, ovate or 
orbicular lamina and a slender petiole; veins when 
more than one parallel or arcuate, often connected 
by cross-veins; leaves stipulate (commonly, the 
stipular appendages adhering to the sheath or not), 
or estipulate. Axillary scales present. The fl oating 
and sometimes also the upper submerged leaves 
with paracytic stomata. Silica bodies and calcium 
oxalate crystals are lacking. Flowers small to min-
ute, in axillary or terminal, bractless spikes that 
are more or less elevated above the water, bisex-
ual, actinomorphic, mostly 4-merous. Perianth 
segments four, in one cycle, free, bractlike, short-
clawed, adnate to the fi laments or connectives of 
the opposite stamens. Stamens four or rarely 2–3; 
anthers nearly sessile. Pollen grains 3-celled, 
ellipsoid to spheroid, semitectate, nearly inapertu-
rate, with an inconspicuous vestigial colpus under 
which the intine is somewhat thickened. 
Gynoecium of (1–3)4(5–16) free or only partly 
united carpels; carpels sometimes shortly stipitate; 
stigmas sessile or on short stylodia, slightly decur-
rent ventrally. Ovary superior, ovule solitary, pen-
dulous from the ventral margin of the carpel, 
orthotropous or ortho-campylotropous, but after 
fertilization becoming amphitropous, bitegmic, 
crassinucellate, with a parietal cell cut off from the 
archesporial cell. Endosperm helobial. Fruits 
drupe-like or rarely (Groenlandia) achene-like. 
Seeds without endosperm; embryo slightly curved, 
with large hypocotyl. Seeds exotestal, or coat 
crushed. Present fl avonoids (apigenin, luteolin), 

fl avone glycosides, and C-glycosylated. The basic 
chromosome number (x) is 7 (Haynes et al. 1998), 
n ranging from 7 to 52.  .3. potamogetonaceae.

1 Plants without vessels.
4 Flowers bisexual or rarely male by abortion of 

gynoecium. Stamens three. Submerged marine 
perennial herbs with thick, laterally fl attened, 
creeping, monopodially branching rhizome cov-
ered with fi bers of old leaf sheaths and erect lat-
eral stems. All vegetative parts with scattered 
tanniniferous cells containing proanthocyanins. 
Xylem poorly developed and  without vessels. 
Leaves alternate, distichous on the  rhizome, lin-
ear, parallel-veined or with only a mid-vein, 
basally with open, biauriculate, ligulate sheath 
that is  persistent after the lamina has been shed. 
Intravaginal squamules present at the nodes. 
Stomata absent. Flowers in long-pedunculate 
modifi ed cymose infl orescences subtended by 
2–4 reduced leaves with broadened sheaths; 
according to Hartog (1970: 123), the infl ores-
cence “has to be regarded as an anthela of rhip-
idia, of which the rhipidia distally become 
reduced to a ‘spike’ of fl owers. Such a ‘spike’ 
has lost its terminal fl owers as well as its bracts; 
its cymose characters is still apparent from the 
fact that the axis is not straight but proceeds more 
or less zigzag.” Individual fl owers small, sessile, 
bractless, bisexual or rarely male by abortion of 
gynoecium, hydrophilous. Perianth absent; 
anthers large, sessile, with a much expanded, 
shield-like connective produced beyond the loc-
uli, the latter widely separated. Pollen grains 
3-celled, spheroidal when released but soon 
become fi lamentous (pollen tubes), inaperturate, 
without exine. Gynoecium of one carpel with 
sessile, obliquely placed, irregularly lobed, dis-
coid stigma, and one orthotropous ovule pendu-
lous from the carpellary margin. Fruits slightly 
fl eshy, with spongy pericarp, freely fl oating when 
shed. Seeds with very thin, membranous seed 
coat and without endosperm embryo straight, 
large consisting for the greater part of a large, 
fl eshy hypocotyl; hypocotyl with numerous tan-
nin cells. n = 10, dimorphic. 4. posidoniaceae.

4 Flowers unisexual.
5 Stamens two.

6 Fruits long-stipitate or sessile drupes. 
Annual or rarely perennial submersed 
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glabrous herbs growing in fresh or brackish 
waters. Roots fi brous, few, non- septate, 
from lower nodes of stems. Stems slender, 
branched or unbranched, often dimorphic, 
the lower stems rhizomatous, the upper 
erect, leafy, the tips not modifi ed into turi-
ons. Leaves alternate to subopposite, linear, 
divided into blade and stipular sheath encir-
cling the stem; infravaginal scales present. 
Flowers in 1-few-fl owered capitate axillary 
or terminal spike, the fi rst enclosed by two 
supopposite foliage leaves, bisexual, acti-
nomorphic, without perianth segments. 
Stamens two, sessile with an expanded con-
nective; anthers with two bisporangiate 
thecae dehiscing by longitudinal slits, con-
nective broad. Pollen grains elongate-arcu-
ate, inaperturate, intectate at both ends, 
with distinctly separated columellae. 
Carpels (2)4(-16), free; stigma  sessile, pel-
tate, lobed; ovary 1-locular, ovule solitary, 
more or less pendulous. Endosperm helo-
bial. Seed coat consists of a thin, 2-layered 
testa and a tegmen of which only the outer 
epidermis persists; endosperm wanting, 
embryo with enlarged hypocotyls. Present 
leucoanthocyanins, fl avonols, and 
G-glycosyl fl avones, n = 8, 10–12, 20, 
dimorphic.. . . . . . . . . . . . . .5. ruppiaceae.

6 Fruits nutlets with stony pericarp or vivipa-
rous. Marine perennial herbs with creeping 
monopodially or sympodially branched rhi-
zomes. Roots often branched, with few to 
many root hairs. Tannin cells present. 
Leaves alternate, distichously arranged, 
sheathing base and a ligule between sheath 
and blade, linear, fl at or terete, with three to 
several veins. Flowers usually solitary and 
terminal on a short branch or (Syringodium) 
in small cymes. No vestige of perianth 
except for a transient ridge that forms below 
the stamens in the male fl ower of 
Syringodium fi liforme (Tomlinson and 
Posluszny 1978). Male fl owers consist of 
two united stamens; anthers on a common 
fi lament or virtually sessile, fused back to 
back, tetrasporangiate; connective with an 
apical prolongation (except in Syringodium). 
Pollen grains without exine, become fi la-

mentous (up to about 1 mm long). Gynoecium 
of two free carpels, each with long, slender, 
and simple (Halodule) or short and bibrachi-
ate or tribrachiate stylodium. Endosperm 
nuclear. Fruits indehiscent, either with 
stony pericarp (Halodule, Cymodocea, 
Syringodium) or viviparous (Amphibolis). 
Testa absent. Embryo consists either for the 
larger part of the plumule with a lateral radi-
cle and a cylindrical hypocotyl or of a long 
hypocotyl and a short plumule without 
radicle. Sulphated phenolic compounds are 
present in all  genera; n = 7, 8, 10, 14, 15.
  . . . . . . . . . . . . . . . . . . 7. cymodoceaceae.

5 Stamen solitary.
7 Ovule anatropous. Plants of fresh or alka-

line or brackish water. Not saponiferous. 
Leaves 1-veined or incompletely 3-veined. 
Flowers in small, axillary, usually complex, 
cymose infl orescences. Althenia and 
Lepilaena have 3-membered perianth in 
fl owers of both sexes, while Zannichellia 
have tiny, spathelike structure that may rep-
resent a perianth only in the female fl ower. 
Male fl owers with a single fi lament with 4, 
8, or 12 microsporangia, and probably in 
the last two cases represent two or three 
fully connate stamens (Cronquist 1981; 
Tomlinson 1982; Dahlgren et al. 1985). 
Pollen grains inaperturate, subspheroidal or 
subprolate, minutely spinose, without exine 
or sometimes with thin exine and 1-colpate. 
Female fl owers with small, cupule-like or 
3-lobed perianth. Gynoecium of (1-)3–4(-
9) free carpels, each with short or long sty-
lodium and symmetrically or asymmetrically 
funnel-form stigma, which is fi mbriate in 
Lepilaena. Ovule solitary, ventral-pendu-
lous. Endosperm helobial. Fruits drupa-
ceous, with membranous exocarp, fl eshy 
mesocarp and stony endocarp, but in 
Althenia they are dehiscent. Seeds with 
spirally coiled cotyledon, swollen hypo-
cotyl, and very small radicle. Flavone 
sulphates present. n = 6–8.
  . . . . . . . . . . . . . . . 6. zannichelliaceae.

7 Ovule orthotropous. Submerged perennial, 
monoecious or dioecious, marine herbs with 
creeping or sometimes tuberous-thickened, 
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monopodial, or sympodial rhizomes and 
slender, often fl attened stems. Tannin cells 
absent. Vessels and stomata wanting. Leaves 
alternate, usually decussate, linear or fi li-
form, parallel-veined, sheathing at the base, 
sheaths open or closed, commonly with 
stipulelike margins, ligulate. Infl orescence 
terminal or lateral, sympodial, erect, con-
sisting of a panicle of rhipidia, but often 
reduced to a single rhipidium; each rhipid-
ium consisting of 2–5 spathes, but some-
times reduced to single one; peduncle of 
each spathe partially coalescent with the 
axis from which it springs or completely 
free; spathe consisting of a sheath and a leaf 
blade; spathial sheath ligulate, enclosing a 
sessile or stalked spadix on the dorsal side 
of which the fl owers are arranged (Hartog 
1970). Individual fl owers small, sessile, 
bractless, unisexual (monoecious or dioe-
cious), without perianth. Stamen solitary; 
anther sessile, extrorse, tetrasporangiate (but 
an alternative explanation is that a fl ower 
with two widely separated unithecate (bispo-
rangiate) anthers – Tomlinson and Posluszny 
2001), opening longitudinally. Pollen grains 
2-celled or 3-celled, inaperturate, fi lamen-
tous, up to about 2 mm long, with very thin 
simple exine. Gynoecium of one carpel with 
a short, bibrachiate stylodium and one api-
cal, pendulous ovule. Ovule orthotropous; a 
parietal cell is not cut off, but there are peri-
clinal divisions in the nucellar epidermis. 
Endosperm nuclear. Fruits small, with scari-
ous, dehiscent pericarp or less often 
(Phyllospadix) with soft exocarp and a hard 
fi brous endocarp. Testa derived from the 
outer integument. Tegmen degenerates. 
Seeds without endosperm, with slightly 
curved embryo consisting for the most part 
of the hypocotyl and lacking a radicle; n = 6, 
9, 10.. . . . . . . . . . . . . . . . . 8. zosteraceae.

1. SCHEUCHZERIACEAE

F. Rudolphi 1830. 1/1. In bogs of cold and temperate 
regions of the Northern Hemisphere.

Scheuchzeria.

2. JUNCAGINACEAE

Richard 1808 (including Heterostylaceae Hutchinson 
1934; Lilaeaceae Dumortier 1829; Maundiaceae 
Nakai 1943) Triglochinaceae Chevalier 1827). 5/17. 
Widely distributed in cold and temperate regions of 
Northern and Southern Hemispheres; monotypic 
genus Cycnogeton, very closely related to Triglochin, 
is endemic to Australia and Tasmania, and another 
monotypic genus Tetroncium is restricted to the 
Holantarctic South America (Strait of Magellan); 
Lilaea in mountains of Pacifi c America from British 
Columbia to Chile and Argentina, and Maundia – 
Northeastern Australia, southern Queensland, north-
ern New South Wales.

Triglochin, Cycnogeton, Tetroncium, Lilaea, 
Maundia.

Related to the Scheuchzeriaceae. With the 
Scheuchzeriaceae they share such a unique character 
as the presence of triglochinin, but markedly differ in 
many other respects, including nuclear endosperm and 
pollen grains.

3. POTAMOGETONACEAE

Reichenbach 1828 (including Hydrogetonaceae Link 
1829). 2/80–100. Subcosmopolitan.

Potamogeton (including Coleogeton), Groenlandia.
Related to the Juncaginaceae.

4. POSIDONIACEAE

Hutchinson 1934. 1/9. Along the coasts of the 
Mediterranean, locally on the Atlantic coast of south-
western Europe, and along the coasts of southern, 
southwestern and southwestern Australia and Tasmania.

Posidonia.
Molecular data indicate a close related to Ruppiaceae 

and Cymodoceaceae.

5. RUPPIACEAE

Horaninow 1834. 1/7–8. Subcosmopolitan.
Ruppia.
Closely related to the Cymodoceaceae.
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6. ZANNICHELLIACEAE

Chevalier 1827. 4/12. Subcosmopolitan.
Zannichellia, (including Pseudalthenia) Althenia, 

Lepilaena, Vieisia.
Recent molecular studies indicate that Zanni-

chelliaceae are most closely related to Potamo-
getonaceae.

7. CYMODOCEACEAE

N. Taylor 1909. 5/16. Mainly tropical and subtropical 
seas with a few species in warm-temperate seas.

Cymodocea, Halodule, Syringodium, Amphibolis, 
Thalassodendron.

Related to the Zannichelliaceae, but much more 
specialized.

8. ZOSTERACEAE

Dumortier 1829. 3/14–20. Temperate seas of both 
hemispheres, with a few species extending into tropi-
cal seas.

Zostera, Heterozostera, Phyllospadix.
A very specialized group of marine alismatids that 

probably derived from the juncaginalean ancestor.
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Superorder ARANAE

Order 5. ARALES

Very small to giant herbs with creeping or tuberous 
rhizomes or scrambling, slender shrubs, often climbers 
with aerial roots and true epiphytes, rarely free-fl oating 
aquatics. Roots mycorrhizal, without root hairs. Silica 
bodies lacking, but calcium oxalate crystals occur. 
Vessels in roots and seldom also in rhizome and in 
stem, always with scalariform perforations. Simple or 
uniseriate laticifers present in some genera of the 
Araceae. Resin ducts sometimes present as well as 
rows of mucilage cells. Sieve-element plastids P2c-
type, or rarely (Pistiaceae) S-type. Leaves alternate, 
spirally arranged or rarely  distichous,  unifacial (Acora
ceae) or bifacial, usually with distinct, basally sheath-
ing petiole and expanded, entire to  variously cleft or 
perforate or even compound lamina, variously parallel-
veined or pinnately or palmately net-veined, usually 
developing acropetally (like typical dicotyledons). 
Often a row of intravaginal squamules occurs in the 
axils of the leaf sheaths or in the axils of the cataphylls. 
Stomata paracytic, less often tetracytic, or cyclocytic, 
sometimes anomocytic. Flowers small, usually numer-
ous, in terminal, unbranched spike with fl eshy axis, the 
spadix (extremely reduced in Lemnaceae) generally 
subtended by ovate and colored or rarely green, mostly 
rather large spathe (lacking in Acorus, Gymnostachys, 
Orontium, and in some Lemnaceae), which encloses 
the spadix in the juvenile stage, bisexual or unisexual 
(monoecious or rarely dioecious), actinomorphic, 
bractless. Perianth of 4 or 6(8) free or connate seg-
ments in two cycles, in unisexual fl owers generally 
much reduced or wanting or always wanting. Stamens 
(1-)4 or 6, or 8–12, free or sometimes more or less 
connate and sometimes forming synandria; fi laments 
mostly short and broad; anthers tetrasporangiate or 
disporangiate, basifi xed, extrorse or very rarely 
(Zamioculcas, Acorus) introrse, opening by apical 
pores or slits or longitudinally. Tapetum plasmodial or 
(Acoraceae) secretory. Microsporogenesis successive. 
Pollen grains 2-celled or 3-celled, exceptionally 
 variable, tectate-columellate to tectate-granular or 
 atectate, 1-colpate and boat-shaped to globose and 
inaperturate, with various types of ornamentation. 
Gynoecium of (1-)3(-15) carpels; style terminal and 
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generally short and thick to conical, or the stigmas ses-
sile; ovary superior, plurilocular or unilocular, seldom 
pseudomonomerous, with one to many ovules per 
locule. Ovules pendulous, or horizontal, or ascending, 
anatropous, hemitropous, or orthotropous, sometimes 
campylotropous, bitegmic, very rarely unitegmic 
(Symplocarpus – Barabe, Froget, Chrétien 1987 and 
Gymnostachys – Buzgo 2001), crassinucellate or tenui-
nucellate, sometimes with endothelium, with or without 
parietal cell. Female gametophyte of Polygonum-type or 
rarely (as in most Lemnaceae) of Allium-type. 
Endosperm cellular, or helobial, or nuclear, with chala-
zal haustorial process. Fruits usually baccate, more 
rarely rather dry and fi rmly carnose or leathery, densely 
packed into a cylindric infructescence. Seeds one to 
many, sometimes fl eshy, sometimes with operculum; 
seed coat formed by both integuments, predominantly 
by the inner one; embryo generally large, green, mostly 
linear, straight or sometimes curved, usually well dif-
ferentiated, sometimes macropodous (having swollen 
hypocotyl or radicle); endosperm often present and then 
usually copious, with aleurone, simple starch grains, 
and oil or endosperm wanting; perisperm present only 
in Pistia (Mercado-Noriel and Mercado 1978; 
Vyshenskaya 1985). Plants contain fl avone C-glycosides, 
fl avonols and cyanogenic glucoide triglochinin.

The Arales are traditionally associated with Arecales 
and Cyclanthales mainly because of their small fl ow-
ers arranged in dense, spadiciform infl orescence sub-
tended by large principal bract or spathe. However, the 
accumulated data have shown that they are much closer 
to the alismatanae and share with them many taxo-
nomically important features (Gow 1913; Jussen 1929; 
Huber 1977; Dahlgren and Clifford 1982; Dahlgren et 
al. 1985; Tillich 1985; Grayum 1991), including the 
presence of intravaginal squamules (but only in few 
taxon of the Arales, including some Philodendron spe-
cies), the occurrence of both a spathe and spicate infl o-
rescences, of laticifers, an amoeboid tapetum as well 
as of the cyanogenic substance triglochinin in Araceae 
and certain alismatanae (Nahrstedt 1975), and rbcL 
sequence (Duvall et al. 1993). However, the Arales dif-
fer markedly from the alismatanae in many respects.

Key to Families
1 Plants terrestrial or epiphytic or sometimes more or 

less aquatic, but not free-fl oating.
2 Leaves ensiform, anatomically unifacial. Peren-

nial herbs with creeping, rather thick, aromatic, 

sympodial rhizomes. Have ethereal oil cells, but 
do not possess calcium oxalate crystals in any 
form, and no raphids. Vessels in roots and in rhi-
zome, with scalariform perforations. Leaves 
tufted, long, linear, acuminate, equitant, parallel-
veined, not narrowed or scarcely narrowed below, 
sheathing and surrounding the neck of rhizome 
at base. Stomata paracytic. Infl orescences scapi-
fl orous (the scape keeled, with double vascular-
ization, taken to represent adnation of the 
peduncles with the sheath of the subtending leaf; 
“solitary, lateral spadices, tepering acropetally to 
a blunt tipe, covered with tightly packed fl owers, 
espatheate (in that the leafy point which termi-
nates the scape above the manifestly lateral spa-
dix seems to represent the blade of a terminal 
leaf, rather than a true spathe” – Watson and 
Dallwitz 2006). Flowers small to minute, bisex-
ual, 3-merous. Perianth segments six, in two 
cycles, free, thick, incurved and truncate at apex. 
Stamens six; fi laments linear; anthers tetraspo-
rangiate, opening longitudinally. Tapetum secre-
tory. Pollen grains 1-colpate, boat-shaped, 
without foot layer (Tarasevich, personal commu-
nication); the apertural exine is subpsilate 
(Grayum 1984). Gynoecium of (2-)3(-4) carpels; 
style very short, with small stigma; ovary supe-
rior, oblong, 2–3-locular. Ovules 2–4(-5), pendu-
lous, orthotropous, bitegmic, tenuinucellate. 
Placentation axile to apical. Endosperm cellular, 
without haustorial processes. Fruits berries with 
thin, leathery pericarp. Seeds 1(-5)-9, oblong, 
with copious endosperm and single layer of radi-
ally elongated cells of perisperm; embryo 
straight, green, starchy, testa thick, without phy-
tomelan. Contain proanthocyanidins. Basic chro-
mosome number n = 12. . . . . . . . 1. acoraceae.

2 Leaves with a more or less expanded, bifacial 
blade. Plants often cormous, or rhizomatous, or 
tuberous, sometimes climbing (stems twiners or 
scrambling, some very large). Laticifers present 
(sap clear, milky, or dark and taniniferous), rarely 
absent. Leaves sometimes distichous, simple, 
basal or cauline, rarely solitary (as in Dracontium), 
small to very large, sheathing (the sheath mem-
branous, sometimes deciduous); blades often 
oblong, cordate, sagitate to hastate, sometimes 
perforated. Flowers small, very numerous, often 
fragrant, or malodorous, in a spadix that is sub-
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tended by well developed and often colored 
spathe; plants usually monoecious, except 
Arisaema, which is dioecious). Stamens 1–4 or 
6–12, free or united into synandria; anthers 
extrorse, tetrasporangiate or bisporangiate, open-
ing by longitudinal or short slits, or by apical 
pores; staminodia sometimes present, free or 
united into synandria. Gynoecium of 1–8(-15) 
carpels, monomerous or syncarpous; ovary supe-
rior, 1–3-locular, rarely plurilocular; ovules one 
to many per locule, pendulous, or horizontal, or 
ascending, often with funicle, less often sessile. 
Fruits indehiscent (usually baccate, drupaceous, 
sometimes juice, often colorful, or nuts) or rarely 
capsular, capsules splitting irregularly (Watson 
and Dallwitz 2006). Seeds one to many; 
endosperm copious, the embryo straight, located 
in center of endosperm, or embryo curved, when 
endosperm lacking; embryo chlorophyllous or 
rarely (Arisaema amurense) achlorophyllous. 
Usually contain saponins, proanthocyanidins 
(commonly, sometimes very abundantly), some-
times fl avonols (kaempferol and quercetin), cin-
namic acids, cyanogenic glucosides, alkaloids 
and amines (Mayo et al. 1998); n = from 7 up 
to 84. . . . . . . . . . . . . . . . . . . . . . . . . 2. araceae.

1 Free-fl oating or submerged aquatics. Lactifers 
wanting. Infl orescence very reduced, consists of 
one female fl ower and one or two male fl owers.
3 Ovules tenuinucellate. Seeds with copious 

perisperm and scanty endosperm. Seed coat with 
very large hilum and an operculum. Fruits with 
many seeds. Small, stoloniferous, fl oating herbs, 
rarely anchored by their long, feathery, hanging 
roots; primary root absent. Branching sympodial, 
but internodes remain short. Leaves in rosettes, 
very shortly petiolated, entire, obovate to spatu-
late-oblong, truncate to emarginate at the apex, 
long-cuneate at base, with fl abellate venation, 
covered with short depressed uniseriate hairs, 
moving together at night. Stomata anomocytic. 
Infl orescence small, inconspicuous, enclosed in 
small, short, greenish spathe that is tubular below, 
bisexual, with two perianthless fl owers, male 
fl ower above the female one. Male fl ower with 
4–6 stamens united into a synandrium. Pollen 
grains tectate-granular, 1(2)- colpate, boat-
shaped, longitudinally strongly ridged; ridges 
(from 20 to 25) formed by the outer layer of the 

exine; the inner layer of exine forms beaklike 
thickenings. Female fl owers naked, consisting of 
1-locular carpel, partly attached to the spathe; 
style conic, with discoid stigma; ovary with 
numerous, basal- subparietal, orthotropous 
ovules. Micropyle formed by the outer integu-
ment. Female gametophyte Polygonum-type. 
Fruits with membranous, partly transparent peri-
carp, few-seeded. Seeds oblong or obovoid, testa 
ultimately rugose; embryo minute, apical, cunei-
form; n = 7. . . . . . . . . . . . . . . . . . 3. pistiaceae.

3 Ovules crassinucellate. Seeds without perisperm 
but with endosperm. Seed coat with operculum, 
but hilum is not so large. Small to minute, fl oat-
ing or submerged annual, much reduced aquatic 
herbs with thalloid plate-like bodies (fronds); 
thallus small to minute, globular, fl at or linear, 
contain mucilage cells, with or without raphides. 
Roots simple, solitary or several per frond or 
lacking. Vascular system much reduced, the 
plants lacking both vessels and tracheids, or 
sometimes with tracheids in roots. Infl orescence 
very reduced, enclosed in membranous spathe or 
naked, consists of one female and one or two 
male fl owers. Perianth lacking. Stamen solitary; 
anthers tetrasporangiate (Lemna) or disporan-
giate (Wolffi a), opening by apical pores or short 
or longitudinal slits. Pollen grains 3-celled, 
 tectate-columellate, 1-porate, echinate. 
Gynoecium of one carpel; style short, stigma 
funneliform; ovary 1-locular, with 1–7 basal, 
anatropous, hemitropous, or orthotropous ovules. 
Micropyle formed by the inner integument. 
Female gametophyte of Allium-type. Endosperm 
cellular. Fruits 1–6-seeded utricles. Seeds 
oblong-elliptical, smooth; embryo straight, rather 
large, well differentiated, but without primary 
root (Lodkina 1985), endosperm present or 
absent; n = 5, 8, 10, 11, 21. . . . . .4. lemnaceae.

1. ACORACEAE

Martynov 1820. 1/4. Holarctic and paleotropical: tem-
perate Eurasia from Norway to Eastern Asia, Sulawesi, 
New Guinea; western and central North America.

Acorus.
Related to the Araceae, but they differ from them in 

the absence of raphides, presence of the ethereal cells, 
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ensiform, unifacial leaves, presence of dermal 
perisperm, From the majority of Araceae (except 
Gymnostachys) Acoraceae differ also in the absence of 
the spathe. From the Araceae as well as from all other 
monocotyledons they markedly differ in the DNA 
sequences of the plastid rbcL, which according to 
Duvall et al. (1993) shows that Acorus “represents the 
most ancient surviving lineage of the ancestral mono-
cotyledons.” This hypothesis based mainly on the 
genetic constitution of the endosymbiotic organism, 
the chloroplast, is most improbable and strongly con-
tradicts all other available data.

2. ARACEAE

A.L. de Jussieu 1763 (including Arisaraceae Rafi -
nesque 1838; Caladiaceae Salisbury 1866; Callaceae 
Reichenbach ex Bartling 1830; Cryptocorynaceae 
J. Agardh 1858; Dracontiaceae Salisbury 1866; 
Lentiscaceae Horaninow 1843; Orontiaceae Bartling 
1830; Pothoaceae Rafi nesque 1838). 103/2500–3000. 
Predominantly tropical, only about 10 genera occur in 
temperate regions of the Northern Hemisphere.

2.1 GYMNOSTACHYDOIDEAE
Laticifers and spicular cells lacking. Leaves epetio-
late, grasslike, bifacial. Prophylls foliar. Two to six 
more or less pendulous spadices are situated in a 
 cluster on the 1–2 m high, unifacial peduncle. Spathe 
 lacking. Flowers bisexual and 2-merous. Pollen grains 
1-colpate, boat-shaped, stigma without papillae and 
possibly dry, very little secretion in the gynoecium, 
ovule unitegmic, integument is shorter than the 
 nucellus (Buzgo 2001), n = 24. – Gymnostachys (1). 
Australia.

2.2 ORONTIOIDEAE
Laticifers present (Orontium) or absent. Swamp plants. 
Stems stout, erect. Leaves spirally arranged, oblong-
elliptic or cordate, with acrodromous leaf venation. 
Flowers bisexual, 2–3-merous. Anthers terminal, open-
ing by longitudinal slits. Ovary inferior, ovules anatro-
pous, n = 13–15. – orontieae: Orontium; 
symplocarpeae: Lasichiton, Symplocarpus.

2.3 POTHOIDEAE
Laticifers and spicular cells usually lacking. Leaves 
spirally arranged or distichous, often with winged 

 petiole. Lateral veins of second and third orders 
 connected by veinlets to form a reticulum. Flowers 
usually bisexual, with perianth. Ovules anatropous 
to hemitropous, n = (10, 12) 14 (15). – potheae: 
Pothos, Pedicellarum, Pothoidium, Anthurium; 
monstereae: Holochlamys, Spathiphyllum, Rhodos-
patha, Stenospermation, Scindapsus,  Rhaphidophora, 
Anadendrum, Monstera, Alloschemone, Epipremnum, 
Amydrium, Heteropsis.

2.4 LASIOIDEAE
Laticifers absent or the African genera often have 
laticifers or ducts, and biforines or biforine-like raphi-
des. Leaves often sagittate, often deeply lobes and 
fenestrate; primary lateral veins of major lamina divi-
sions pinnate to arcuate-parallel, order venation reticu-
late. Flowers bisexual, usually with perianth. Pollen 
grains colpate or inaperturate. Endosperm usually 
present, forming a thin but distinct layer, n = 13. – 
Cyrtosperma, Lasiomorpha, Podolasia, Lasia, 
Anophyllum, Urospatha, Anaphyllopsis, Pycnospatha, 
Draconitum, Draconitoides.

2.5 CALLOIDEAE
Laticifers present. Leaves distichous, cordate-pinnate, 
venation parallel-pinnate; petiole with type three aer-
enchyma. Flowers usually bisexual, without perigone. 
Pollen grains 2-colpate. Ovules anatropous. Endosperm 
copious, n = 18, 27. – Calla.

2.6 PHILODENDROIDEAE
Lactifers and ducts present in roots, stems, leaves and 
infl orescences, or absent. Flowers unisexual, without 
perigone. Ovules anatropous or orthotropous. Endos-
perm copious or rarely absent. – philodendreae: 
Montrichardia, Anubias, Furtadoa, Philodendron, 
Homalomena; zantedeschieae: Zantedeschia, 
Callopsis; stylochaetoneae: Stylochaeton; zamio-
culcadeae: Gonatopus, Zamioculcas; aglaone-
mateae: Nephthytis, Anchomanes, Pseudohydrosme, 
Aglaonema, Aglaodorum; culcasieae: Culcasia, 
Cercestis; spathicarpeae: Bognera, Dieffenbachia, 
Spathantheum, Gorgonidium, Synandrospadix, Gearum, 
Spathicarpa, Asterostigma, Mangonia, Taccarum.

2.7 SCHISMATOGLOTTIDOIDEAE
Lactifers non-anastomosing, in all organs or absent 
from leaves. Infl orescence solitary, rarely two per sym-
podium spathe tube connate, persistent, spadix with 
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unisexual fl owers with perigone absent. Fruit a berry 
or syncarp. Seeds with endosperm, often copious. – 
cryptocoryneae: Cryptocoryne, Lagenandra; schis-
matoglottideae: Phymatarum, Schisma-toglottis, 
Aridarum, Heteroaridarum, Hottarum, Piptospatha, 
Bucephalandra.

2.8 AROIDEAE
Laticifers present, rarely absent, straight or anastomo-
sing. Spathe usually differentiated into lower, convo-
lute tube and upper, gaping blade. Flowers unisexual, 
without perianth. Pollen grains inaperturate. Ovules 
anatropous or orthotropous. Seeds usually with 
endosperm. – thomsonieae Amorphophallus, 
Pseudodracontium; caladieae: Hapaline, Syngo-
nium, Xanthosoma, Chlorospatha, Ulearum, Filarum, 
Zomicarpella, Caladium, Scaphispatha, Jasarum, 
Zomicarpa; arisareae: Ambrosina, Arisarum; pelt-
andreae: Peltandra, Typhonodorum, Colletogyne, 
Carlephyton, Arophyton; arisae-mateae: Arisaema, 
Pinellia; areae: Typhonium, Sauromatum, 
Theriophonum, Biarum, Arum, Eminium, Dracunculus, 
Helicodiceros; colocasieae: Ariopsis, Alocasia, 
Remusatia, Colocasia, Steudnera, Protarum.

3. PISTIACEAE

Richard ex C. Agardh 1822. 1/1. Tropical and sub-
tropical regions.

Pistia.
Differ from the Araceae in habit, absence of pri-

mary root, leaf, and infl orescence morphology, absence 
of laticifers, anomocytic stomata, unique exine struc-
ture (Kuprianova and Tarasevich 1984; Tarasevich 
1990), and especially in their perispermous seeds (see 
Mercado-Noriel and Mercado 1978; Vyshenskaya 
1985) and in sieve-element plastids of S-type. 
According to Behnke (1995), the type of plastids 
clearly corroborate the isolated position of Pistia. 
Lindley (1847, 1853) included Ambrosina together 
with the genera comprising the modern family 
Lemnaceae in the Pistiaceae, whereas Buscalioni and 
Lanza (1935) included in the Pistiaceae only Pistia 
and Ambrosina. However, the genus Pistia differs 
markedly from Ambrosina and all other members of 
the Aroideae in its connate stamens, epetiolate leaves, 
the absence of tuberous stock, and secretion fi les, in 
addition to the characters mentioned above. The 

Pistiaceae originated probably from some ancient 
Aroideae-like ancestor.

4. LEMNACEAE

Martynov 1820 (including Wolffi aceae Bubani 1902). 
4/c.35. Cosmopolitan.

4.1 LEMNOIDEAE
Raphides present. Roots present. Each frond has two 
fl attened, budding pouches, one basal and one lateral 
on either side of the axis. Infl orescence is developed in 
one of the budding pouches and consists of one female 
and two male fl owers enclosed by membranous spathe. 
Anther bilocular, opening transversely. Female fl ower 
is lateral to the male one. Seeds with longitudinal 
ribs. – Spirodela (including Landoltia), Lemna.

4.2 WOLFFIOIDEAE
Raphides and roots lacking. Each frond has only one, 
median budding pouch. Infl orescence is developed in a 
dorsal cavity, lacks a spathe and has one female and 
one male fl ower. Anthers unilocular, opening apically. 
Seeds nearly smooth. – Wolffi a, Wolffi ella (including 
Pseudowolffi a and Wolffi opsis).

The Lemnaceae have some similarities with the 
Pistiaceac but differ markedly in pollen morphology 
(Kuprianova and Tarasevich 1984; Tarasevich 1990), 
crassinucellate ovules, the absence of perisperm, as 
well as in extremely reduced and modifi ed vegetative 
body. Both the Pistiaceae and Lemnaceae evolved 
from Araceae – Aroideae. However, Pistia is not a link 
between the Araceae and Lemnaceae, but those two 
groups are not at all close in molecular data.
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Perennial or annual herbs or more or less arborescent 
plants often with secondary growth of monocotyledon-
ous type, often with well-developed subterranean 
 storage organs, such as rhizomes, bulbs, corms, and 
tubers. Vessels present or absent, with scalariform or 
simple perforations. Leaves both basal and cauline or 
only basal, alternate, opposite, or verticillate, mostly 
with parallel venation. Stomata of various types. 
Flowers from very small to rather large in various 
kinds of infl orescences or solitary, bisexual or unisex-
ual, actinomorphic or zygomorphic, with double or 
simple perianth, entomophilous or anemophilous. 
Tapetum usually secretory. Microsporogenesis mostly 
successive. Pollen grains 2-celled or 3-celled, 1- colpate 
or of various derived types. Gynoecium apocarpous or 
syncarpous. Ovules mostly anatropous, commonly 
bitegmic, usually crassinucellate. Female gametophyte 
mostly of Polygonum-type. Endosperm helobial or 
nuclear. Seeds mostly with more or less copious 
endosperm (lacking in Orchidales).

The most archaic liliids are characterized by some 
very primitive features, especially in their carpel and 
pollen morphology. However, some members of the 
Liliidae, including Orchidaceae, have reached a very 
high level of specialization.
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Superorder LILIANAE

Order 5. MELANTHIALES

Perennial or rarely annual herbs, commonly with rhi-
zomes, rarely cormlike, and sometimes with a bulblike 
base but without nutrient bulb scales. Raphides often 
present. Roots fi brous. Vessels only in roots, with sca-
lariform perforations. Aerial stem erect, simple, stout 
to slender, with foliage or scaly leaves, sometimes 
basally thickened. Leaves deciduous or evergreen, 
alternate, all cauline (Veratrum spp.), or with large 
basal and small cauline leaves (Xerophyllum, Zigadenus 
spp.), or all leaves in a basal rosette (Heloniopsis), 
bifacial, distichous, sheathing at the base, linear, lan-
ceolate, or rarely ovate, up to 50 cm long. Stomata ano-
mocytic. Infl orescences terminal, often racemes, 
sometimes panicles, spikes or umbel-like, glabrous or 
pubescent. Flowers small, bracteate or ebracteate, 
without bracteoles, bisexual or very rarely unisexual, 
3-merous, actinomorphic or rarely (Chionographis) 
zygomorphic. Perianth segments six in two cycles, 

generally similar, free or sometimes more or less 
basally connate, in some genera with basal nectaries. 
Stamens usually six in two cycles; fi laments free or 
rarely adnate to the base of the perianth segments; fi la-
ments fi liform to subulate; anthers tetrasporangiate, 
basifi xed or dorsifi xed-hypopeltate, mostly extrorse, 
opening longitudinally, Tapetum secretory. 
Microsporogenesis successive. Pollen grains 2-celled, 
tectate-columellate or less often (Heloniadeae and 
Chionographideae) intectate, mostly 1-colpate, or 
4-porate (Chionographideae). Gynoecium of three 
 carpels, free or more or less united and with free or 
connate stylodia; ovary superior or less often semi- 
inferior; each carpel, each locule and each parietal pla-
centa with two to numerous ovules. Ovules anatropous 
or sometimes campylotropous and epitropic, bitegmic, 
crassinucellate to tenuicellate, with parietal cell. 
Female gametophyte of Polygonum-type or 
 Allium-type. Endosperm helobial. Fruits septicidal 
Chionographideae), loculicidal (Xerophylleae and 
Heloniadeae), or ventricidal capsules, conical to 
 globular, often 3-lobed. Seeds generally provided with 
terminal appendages or wings; seed coat essentially 
testal; the testal part has few cell layers, lack  phytomelan 
but sometimes has phlobaphene; the tegminal part is 
thin and collapsed, red brown, or yellowish, though 
fl attened; endosperm usually consists of thin-walled 
cells containing aleurone and fatty oils, sometimes 
also rounded starch grains; embryo small (1/5–1/9 of 
the length of endosperm), basal, globose or ovoid, or 
rather large and almost equal to the length of the seed 
(as in species of Melanthium and Zigadenus) and axial 
and linear. Steroidal saponins and chelidonic acid 
occur in many genera. Veratrum and some other related 
genera contain alkaloids derived from steroidal precur-
sors; n = 6 (Chionographis – Zomlefer 1997) 
n = 8, 10–12, 15–17, 21–22.

Melanthiales, especially genera with more or less 
free carpels, are the most archaic members of the 
Liliidae and probably of the monocotyledons in  general 
(see Lotsy 1911; Takhtajan 1959, 1966, 1980, 1987; 
Eames 1961; Radulescu 1973d).

1. MELANTHIACEAE

Batsch 1802 (including Chionographidaceae Takhtajan 
1996; Heloniadaceae J. Agardh 1858; Veratraceae Salis-
bury 1807; Xerophyllaceae Takhtajan 1996). 13/100. 
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Temperate Eurasia, North America; Schoenocaulon 
(24) New Mexico, Texas and Florida through 
Mexico (c.20) south to Venezuela, southern Peru 
(1, S. offi cinale).

xerophylleae: Xerophyllum; melanthieae: 
Veratrum, Melanthium, Stenanthium, Amianthium, 
Schoenocaulon, Zigadenus, Anticlea, Toxicoscordion; 
heloniadeae: Helonias (including Heloniopsis – 
Tanaka 1998), Ypsilandra; chionographideae: 
Chamaelirium, Chionographis.
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Order 7. TRILLIALES

Perennial herbs with long or short (sometimes tuber-
ous), horizontal or vertical, monopodial rhizome and 
mostly one erect, unbranched stem. Oxalate raphides 
present in stem and leaves. Vessels only in roots, with 
scalariform perforations. Sieve-element plastids of 
P2c-type (Behnke 2002). Leaves in one verticil of 
three (Trillium) or 4–22 (other genera) at the top of 
stem, sessile or often petiolate, linear to ovate, elliptic, 
rounded or rhomboid, entire, sometimes more or less 
cordate at base, venation parallel to arcuate-pinnate 
with more or less reticulate secondary veins. Stomata 

tetracytic. Flowers always solitary and terminal, 
 commonly rather large, mostly on long pedicel, mostly 
3-merous or 4-merous, rarely (some species of Daiswa) 
5-merous, bisexual, actinomorphic, with double 
 perianth or sometimes apetalus. Perianth segments free. 
Sepals 3–9(10), mostly green, commonly lanceolate; 
petals 3–9(10), fi liform to ovate, of various colours, 
rarely rudimentary. Stamens 3–24 (very rarely up to 
34 in some species of Daiswa), mostly 6–12 (in Trillium 
usually 6), in 2–6 cycles, persistent, adnate to base of 
perianth segments; fi laments usually short, slender; 
anthers basifi xed, linear or oblong, often produced into 
well-developed apical appendage (up to 12–16 mm in 
Daiswa thibetica), dehiscent longitudinally, extrorse to 
introrse. Tapetum secretory. Microsporogenesis suc-
cessive. Pollen grains 2-celled, 1-colpate and ellipsoi-
dal or (most species of Trillium) inaperturate and 
spheroidal, tectate or intectate, reticulate, gemmate or 
spinulose. Septal nectaries present. Gynoecium of 3–12 
carpels (in Trillium always three); stylodia free or more 
or less connate into deeply branched style that is usu-
ally separated from ovary by transverse rim; ovary 
superior, roundish or angular, sometimes depressed at 
the top, 3(-12) locular, 1-locular or 3(-12)-locular below 
and 1-locular above, with numerous anatropous ovules 
per locule or on intrusive parietal placentas. Ovules 
bitegmic, crassinucellate, with parietal cell. Crystal 
cells containing raphide bundles are common in the 
chalaza. Female gametophyte is bisporic of  Allium-type. 
Endosperm helobial (Trillium) or nuclear (Paris). Fruits 
more or less fl eshy, berry-like or more or less capsule-
like (loculicidal in Daiswa). Seeds light to dark brown, 
ellipsoidal or almost globose, smooth or reticulate- 
foveolate, in Daiswa surrounded by juicy, orange or 
dark-red sarcotesta and in Trillium may bear an  oil-rich 
elaiosome developed from the raphe and hilum; embryo 
minute, globose to ovoid, undifferentiated; seed coat 
has parenchymatous testa and phlobaphene containing 
tegmen; endosperm copious, contains  aleurone, lipids, 
and starch grains. Contain steroidal saponins, fl avonols 
(kaempferol, quercetins), and chelidonic acid. 
Alkaloids lacking, n = 5. Chromosomes usually very 
large (40 μm).

Trilliales have defi nite similarities with the 
Melanthiales, including free stylodia, helobial 
endosperm, the presence of parietal cell and crystal 
raphides, as well as the combined analysis of molecu-
lar and non-molecular data (Chase, Stevenson, Wikkin 
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and Rudall 1995). According to Tamura (1998), 
 possibly the Trilliaceae have recently been derived 
from the stock of the Melanthiaceae and have greatly 
changed their characteristics. However, from the 
Melanthiaceae the Trilliaceae differ in basic chromo-
some number, very large chromosomes, presence of 
septal nectaries, pollen morphology.

1. TRILLIACEAE

Chevallier 1827 (including Paridaceae Dumortier 1829). 
5/70. Europe, Mediterranean, northeastern Anatolia, 
Caucasus, Siberia, Himalayas, northeastern India, north-
ern Burma, eastern Asia, Indochina, North America.

Trillium (including Pseudotrillium), Trillidium, 
Kinugasa, Daiswa, Paris.
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Order 8. LILIALES

Perennial or rarely annual herbs with rhizomes (tuber-
ous in Medeola), tunicated corms or bulbs. Raphides 
lacking or rarely (Campynemataceae) present. Vessels 
only in roots, or both in roots and stems, with scalari-
form perforations. Leaves both cauline and basal, or 
only basal, alternate or rarely verticillate, sometimes 
distichous, sessile or sometimes petiolate, linear to 
ovate, usually parallel-veined, often sheathing at the 
base. Stomata anomocytic. Flowers small, medium-
sized, or large, in various types of infl orescences or 
sometimes (Tulipa spp.) solitary, bisexual or very 
rarely unisexual, actinomorphic or rarely weakly zygo-
morphic (Fritillaria spp.). Perianth of six segments, 
free from each other, in two cycles, generally more or 
less similar or rarely (as in Nomocharis) different in 
the two whorls, with nectaries on the tepal bases 
(perigonal or less often androecial nectaries), or with-
out nectaries (Mediolaceae). Stamens six, in two 
cycles, or rarely (Scoliopaceae) three, free from each 
other or epipetalous; anthers basifi xed or more often 
dorsifi xed, extrorse or latrorse, sometimes introrse, tet-
rasporangiate, opening longitudinally. Tapetum secre-
tory. Microsporogenesis successive. Pollen grains 2- or 
3-celled, 1-colpate or rarely with 2–3 distal colpi or 
inaperturate, often more or less reticulate. Gynoecium 
of three united carpels; stigma on short or long style, 
3-lobed or with three stigmatic crests, papillate; ovary 
superior, 3-locular or sometimes 1–2-locular, with sev-
eral to numerous ovules. Ovules anatropous or rarely 
campylotropous, usually bitegmic, crassinucellate or 
rarely weakly crassinucellate or (in some genera of 
Colchicaceae) tenuinucellate, without parietal tissue, 
often with funicular obturator. The archesporial cell 
functions directly as the megaspore mother cell with-
out cutting off a parietal cell. Female gametophyte tet-
rasporic, mostly of Fritillaria-type, or Polygonum-type. 
Endosperm nuclear. Fruits septicidal or loculicidal 
capsules, or baccate (Streptopeae and Medeola). Seeds 
of various shape and size, seed coat is formed by both 
integuments, but in general it lacks mechanical 
strength; the testa is thin, sometimes only 2-cell- 
layered; without phytomelan, but usually with phloba-
phenes; embryo mostly little differentiated; endosperm 
contains aleurone and fatty oils, sometimes with traces 
of starch. Flavonol glycosides based on kaempferol 
and quercetin present. Steroidal saponins and steroidal 
alkaloids occur in some genera.

Related to the Melanthiales.

Key to Families
1 Ovary superior.

2 Plants rhizomatous.
3 Stamens six in two cycles.

4 Fruits capsular. Herbs with usually stoloni-
form rhizome, and mostly decaying every 
year, rarely thickened and surviving for a 
few years. Stem erect, mostly simple. 
Vessels both in roots and stem, with scalari-
form perforations which may have more 
than 40 bars. Leaves alternate, sessile, all 
cauline, oblong to ovate, sometimes clasp-
ing or perfoliate, reticulate-veined. Stomata 
surrounded by four stomatal contact cells, 
two cells lateral to the guard cells and one 
at each pole. Flowers rather large, terminal 
or axillary, solitary or in cymes or clusters, 
bisexual, actinomorphic. Perianth segments 
free to base, recurved above, caducous, the 
outer ones basally provided with globose, 
nectariferous pouches or less often with 
short spurs, more or less purple-spotted 
inside, the inner ones fl at. Filaments slightly 
fl attened, more or less connate below, 
spreading above; anthers oblong, dorsi-
fi xed, extrorse. Pollen grains 1-colpate, 
reticulate. Ovary superior, oblong, 3-angled, 
3-locular, with numerous ovules. Stylodia 
connate into a columnar style with three 
spreading, bifurcate stigmas, tuberculate on 
inner side. Capsules narrowly oblong to lin-
ear, many-seeded. Seeds minute, reticulate, 
ovate to orbicular in outline, fl at, piled upon 
each other (as in several genera of Liliaceae); 
testa contains lignin, tegmen totally col-
lapsed. Have large, round crystals of cal-
cium carbonate like those in Erythronium 
and Lilium (Goldblatt et al. 1984). Possesses 
quercetin and often kaempferol. n = 13, 
rarely 12.. . . . . . . . . . . 3. tricyrtidaceae.

4 Fruits baccate. Plants with subterranean rhi-
zome-like horizontal storage stem tuber 
decaying every year or short rhizome surviv-
ing for several years. Leaves cauline, in two 
pseudoverticillate groups (morphologically 
in dense spirals), one near the middle of 
stem and consists of (5)6–9(-11) oblanceo-
late to obovate, acuminate, and basally 
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attenuate leaves with three strong, conver-
gent primary veins and a large number retic-
ulate secondary veins, one at the apex 
consists of 3(-5) smaller leaves of different 
shape, short-petioled or sessile, mostly 
ovate, acuminate, basally obtuse to more or 
less truncate, with similar venation (Medeola) 
or leaves crowded at the base of stem. The 
basal parts of young leaves and stems are 
covered with fl occulent and deciduous wool 
consisting of extremely long hairs that 
develop from epidermal cells by mere elon-
gation. Infl orescence is a terminal and ses-
sile, umbel-like cluster (synfl orescence) of 
usually three sympodially arranged and con-
tracted monochasia (bostryxes according to 
Berg 1962a) each of which is subtended by 
one of the leaves of the upper whorl 
(Medeola) or (Clintonia) infl orescence often 
a raceme, sometimes an umbel or 1-fl ow-
ered. Flowers small and greenish; pedicels 
defl exing at anthesis and straightening after 
anthesis (Medeola) or erect to horizontal 
(Clintonia); perianth petaloid, with free, val-
vate segments. Nectaries lacking. Filaments 
fi liform; anthers small, pseudobasifi xed, 
extrorse. Pollen grains 1-colpate. Ovary 
1- locular, with three deeply protruding pari-
etal placentas that come quite close together 
(Medeola) or 2- or 3-locular (Clintonia); 
style very short, deciduous, but with three 
long, fi liform, fi nely papillate, longitudinally 
grooved all along the inner side, stigmata 
branches are divaricate to fi nally defl exed-
recurved over the anther (Medeola) or 
(Clintonia) trilobate, not deciduous. Fruits 
globose purplish-blue berry with 12–15 
closely packed seeds. Seeds without append-
ages. Testa palisadlike. Embryo minute. n = 
7 ( usually), 8. . . . . . . . . . . 7. medeolaceae.

3 Stamens three, the inner stamen cycle lacking. 
Herbs with short, slender rhizome and short, 
subterranean stem, which at the soil surface 
bears two (rarely three or four) leaves. Leaves 
alternate, distichous, elliptic to oblong, ses-
sile-clasping to subsessile,  parallel veined 
with numerous transverse veinless, more or 
less mottled with purple spots. Infl orescences 
nearly sessile, 2–12-fl owered, umbel-like, 
consists of axillary fascicles of elongated, 

3-angled, twisting or recurving pedicels; each 
fascicle might be either a  contracted bostryx 
or a contracted cincinnus (Berg 1959) or a 
contracted raceme (Utech 1992). Flowers 
rather large. Perianth segments free, dissimi-
lar; outer segments petaloid, many-veined, 
striped, spreading, with basal nectary glands; 
inner segments linear, 3-veined, converging 
over the gynoecium. Stamens opposite and 
adnate basally to outer segments;  fi laments 
free,  fi liform-subulate; anthers oblong, 
 dorsifi xed, extrorse. Pollen grains 1-colpate, 
spheroidal or somewhat oblong, rather large, 
tectate- columellate, with rugulate arrange-
ment of fi ne reticulum or foveolate. Ovary 
 sessile, strongly 3-angled (the dorsal regions 
laterally fl attened or compressed, and the ven-
tral regions occupy the corners of ovary), 
1-locular, with numerous ovules on parietal 
placentas; ovules with very long funicle; style 
short, with three linear,  horizontally spreading 
to recurved stylar branches that are channeled 
on the upper stigmatic surface and bear small 
stigma at the apex. Fruits strongly 3-angled 
and thin-walled capsule terminated by persis-
tent style with atypical irregular opening 
caused by parenchymatic cell degeneration of 
pericarp tissue between the six dorsal and 
ventral veins in the upper part of the fruit. 
Seeds oblong and slightly curved, longitudi-
nally  sulcate-striate, with an appendage (elaio-
some)  produced by the raphe that forms 
ventral excrescence along the seed, extending 
from near the micropyle to nearly across the 
chalazal end; embryo minute, approximately 
one tenth of the length of the endosperm, 
n = 7, 8. . . . . . . . . . . . . . . . 4. scoliopaceae.

2 Plants with corm or bulb.
5 Plants with starchrich corms, in some genera 

stoloniferous, somewhat (Gloriosa) rhizoma-
tous. Perennial herbs with a basal aggregation 
of leaves. Vessels only in roots. Stems erect or 
climbing (crimbers stem twiners and tendril 
climbers). Leaves alternate, spiral (usually) or 
distichous, simple, entire, linear or lanceolate, 
sheathing, parallel-veined. Flowers medium-
sized to large, in bracteate raceme or spicate, 
bractless infl orescences, or solitary. Perianth 
segments more or less similar, free from each 
other or basally connate, in Colchicum and 
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related genera forming long tube. Nectaries 
perigonal (at the bases of perianth segments) 
or (Colchicoideae) androecial. Stamens 
inserted at the base of segments; fi laments nar-
row or basally broad; anthers mostly short, 
ovate, basifi xed or dorsifi xed, extrorse or 
latrorse, very rarely almost introrse. Pollen 
grains tectate-columellate, 1-colpate or 2–4-
(-many)-porate, reticulate, foveolate-reticulate 
or striate. Stylodia free or united into deeply 
3-brachiate style, Ovary 3-locular, with sev-
eral to many anatropous to weakly campy-
lotropous, pseudocrassinucellate ovules per 
locule. Fruits septicidal or less often loculi-
cidal capsules. Seeds globose or rarely 
(Onixotis) ovoid, sometimes with more or less 
well expressed raphal appendage (strophiole); 
testa mostly brown or red; embryo relatively 
short, elongate, or rarely subglobose; seed-
lings have conspicuously coleoptilelike coty-
ledon; endosperm oily. Lack true raphides but 
have crystal sand. Most genera contain 
colchicine-type (and related compounds) 
alkaloids with a tropolone ring, as well as 
many other alkaloids without a tropolone 
ring. n = 5, 7–12, 19.  . . . . 2. colchicaceae.

5 Plants with tunicate bulbs.
6 Fruits septicidal capsules. Perennial, erect, 

often slender herbs with tunicated bulb hav-
ing membranous or fi brous-reticulate coat. 
Vessels only in roots. Leaves alternate, fl at, 
sessile, sheathing, simple, entire, linear to 
lanceolate, few or sometimes only one basal 
leaf. Flowers large, solitary or few together 
in a false umbel, with long pedicels, situ-
ated in the axils of green, lanceolate, or lin-
ear bracts. Perianth differentiated into two 
cycles; outer segments lanceolate to ovate, 
generally glabrous, and either green and 
sepaloid or similarly coloured as the inner 
segments; inner segments larger and 
broader, petaloid, cuneate to clawed, dis-
tinctly colored and usually marked with 
large or small spots, streaks or other pat-
terns (nectar guides), more or less hairy 
inside and with an often densely bearded, 
depressed nectary gland or spot near the 
base. Stamens six, inserted at the base of 
the inner segments; fi laments subulate and 
basally dilated; anthers pseudobasifi xed 

(surrounding the tip of the fi lament with a 
tubular part of the connective), latrorse. 
Pollen grains 1-colpate, reticulate. Style 
very short or obsolete and three stigmatic 
branches are situated on the apex of the 
ovary; ovary 3-locular, with numerous ana-
tropous ovules per locule. Fruits 3-angled 
or -winged, septicidal capsules. Seeds trig-
onous, tetragonous, or more or less irregu-
larly shaped or fl attened and lenticular; 
embryo slender, but well differentiated; 
endosperm containing fat and aleurone. 
Alkaloids sometimes present in the seeds; 
n = 7–10.. . . . . . . . . .5. calochortaceae.

6 Fruits loculicidal capsules. Plants with tuni-
cated or nontunicated bulbs that have from 
one (Gagea) to numerous fl eshy nutrient 
scales. Roots contractile. Leaves basal or 
cauline, alternate or rarely verticillate, lin-
ear to ovate-lanceolate, sessile or some-
times petiolate, parallel-veined, often 
sheathing at the base. Infl orescence cymose 
or rarely racemose and may form a raceme 
or (Gagea) be umbel-like, or sometimes 
reduced to single terminal fl ower. Flowers 
actinomorphic or rarely weakly zygomor-
phic; perianth segments similar or rarely 
(Nomocharis) dissimilar. Nectaries present 
at the tepal bases. Anthers epipeltate (as in 
Lilium, Notholirion, and Nomocharis) when 
part of the anther with its connective extends 
below its point of attachment, or pseudo-
basifi xed when the fi lament tip is sur-
rounded by the tubular connective. Pollen 
grains large, mostly monocolpate or less 
often with 2–3 morphologically distal colpi, 
rarely inaperturate or 1–3-porate, often 
coarsely reticulate. Ovary 3- locular; style 
short or long, apically 3-lobed or with three 
stigmatic crests; stigmatic surface papillate; 
 placentas and margins of not completely 
fused carpels provided with stigmatoid tis-
sue. Fruits loculicidal capsules. Seeds usu-
ally fl at and disc-shaped, closely piled on 
top of each other, often provided with mar-
ginal rim, sometimes with raphal elaio-
some; exotesta contain phlobaphenes, 
n usually = 12.  . . . . . . . . . . . 6. liliaceae.

1 Ovary inferior to semi-inferior. Slender herbs with 
very short rhizome and thick adventitious roots. 
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Vessels (very primitive) only in roots, but sometimes 
absent. Leaves and probably also other parts contain 
calcium oxalate raphide bundles in special idioblasts. 
Leaves alternate, sessile, few, one basal or several 
basally clustered and progressively smaller on fl ow-
ering stem, linear to linear-lanceolate, sheathing at 
base, in Campynemanthe basal leaf apically 3-den-
tate. Stomata anomocytic. Flowers small, in termi-
nal, bracteate few-fl owered panicle, several-fl owered 
pseudoumbel (Campynemanthe), or solitary, bisex-
ual, actinomorphic. Perianth segments six, free, 
inserted near the top of the ovary, similar, ovate or 
broadly lanceolate, greenish, sometimes dotted-stri-
ated,  without spots or spotted, persistent, enlarging 
after fertilization, provided with perigonal nectaries 
(Campynemanthe). Stamens six, inserted at base of 
perianth segments; fi laments slender; anthers in 
Campynema sagittate and dorsifi xed and extrorse, 
in Campynemanthe basifi xed to subbasifi xed and 
latrorse or weakly extrorse (Campynema). Tapetum 
secretory, Microsporogenesis successive. Pollen 
grains 1- colpate (Campynema) or inaperturate 
(Campynemanthe), reticulate. Gynoecium of three 
united carpels;  stylodia free (Campynema) or con-
nate into apically 3-lobed style (Campynemanthe); 
ovary inferior or semi- inferior (Campynemanthe), 
3- locular, or 1-locular (Campynema), with few to 
many ovules; placentation when unilocular parietal, 
when  trilocular –axile. Ovules anatropous, bitegmic, 
weakly crassinucellate. The parietal cell is formed 
from the archesporial cell and gives rise to parietal 
tissue. Fruits capsules  dehiscing by decay of the 
 lateral or dorsal walls or indehiscent. Seeds pale red-
brown, in Campynemanthe nearly globose to angular 
and with long persistent funicles, in Campynema 
fl attened and with spongy outer coat; seed coat 
formed (at least in Campynemanthe) by both integu-
ments and both the testal and tegmic parts are 2-celled 
layer thick; the endotegmic layer contains phloba-
phene; embryo  minute; endosperm copious. Contain 
saponins; n = 11.. . . . . . . . . .1. campynemataceae.

1. CAMPYNEMATACEAE

Dumortier 1829. 2/4. New Caledonia (Campynemanthe) 
and Tasmania (Campynema).

Campynemanthe, Campynema.
The affi nities of this rather isolated family is uncer-

tain. Although it is often connected with or even 

included in the Melanthiaceae s. l., the nuclear devel-
opment of endosperm (Lowry et al. 1987) makes it 
closer to the colchicalean families. However, 
Campynemataceae markedly differ from all other fam-
ilies of the Liliales by the presence of crystal raphides 
and almost inferior ovary.

2. COLCHICACEAE

A.P. de Candolle 1804 (including Burchardiaceae 
Takhtajan 1996; Merenderaceae Mirbel 1804; 
Uvulariaceae A. Gray ex Kunth 1843). 23/95. Africa 
(especially South Africa), Eurasia, Australia, New 
Zealand.

2.1 UVULARIOIDEAE
Plants with creeping or short rhizome. Stamens six, free; 
fi laments expanded at base; anthers, extrorse or 
(Kuntheria) introrse. Pollen grains 1-colpate or 
(Uvularia) usually 2-colpate, tectate-columellate, 
 foveolate-verrucate. Fruits somewhat fl eshy loculi-
cidal capsules or (Uvularia) septicidal capsules or 
(Streptopeae) baccate. Seeds without elaiosome. Contain 
calcium oxalate in the form of raphides, sometimes also 
crystal sand. Colchicin absent. n = 6, 7, 8, 9. – 
uvulareae: Uvularia, Schelhammera, Tripladenia, 
Kuntheria; streptopeae: Prosartes, Disporum, 
Streptopus; burchardieae: Burchardia.

2.2 COLCHICOIDEAE
Plants with starch corms, in some genera stolonifer-
ous. Stamens inserted at the base of perianth seg-
ments. Nectaries perigonal (at the bases of perianth 
segments) or androecial (Colchiceae) Pollen grains 
1-colpate 2- or 4- to many-porate, reticulate, or stri-
ate. Most genera contain colchicines-type alkaloids. 
– wurmbeeae (anguillarieae): Neodregea, 
Onixotis, Wurmbea, Baeometra; iphigenieae: 
Iphigenia, Camptorrhiza, Ornithoglossum, 
Hexacyrtis; glorioseae: Gloriosa, Littonia, 
Sandersonia; colchiceae: Androcymbium, 
Merendera, Bulbocodium, Colchicum.

3. TRICYRTIDACEAE

Takhtajan 1997 (including Compsoaceae Horaninow 
1834). 1/18. Eastern Himalayas, northeastern India 
(Khasia Hills), China, Taiwan, Japan.
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Tricyrtis.
Both chemical evidence (Williams et al. 1988) and 

morphological data support the separation of Tricyrtis 
from the Colchicaceae where it is usually placed.

4. SCOLIOPACEAE

Takhtajan 1996. 1/2. Western North America along the 
Pacifi c coast from Santa Cruz Mountains in California 
to the Cascade Mountains in Oregon.

Scoliopus.
The taxonomic position of the genus Scoliopus has 

been debated for a long time. At different times it has 
been included in Melanthiaceae s. l., Colchicaceae, 
Medeoleae of the Liliaceae s. 1., and Trilliaceae. 
Dahlgren et al. (1985: 231) concludes that Scoliopus 
“is perhaps best placed in Uvulariaceae.” Takhtajan 
(1987) placed the genus in a separate tribe Scoliopeae 
within Melanthiaceae-Melanthioideae, Tamura (1998) 
in Calochortaceae-Tricyrtidoideae, and Thorne (2006) 
includes it in Liliaceae. However, Scoliopus differs 
markedly from both the Melanthiaceae s. str., 
Uvulariaceae and Calochortaceae in many important 
features, including peculiar vegetative morphology, 
infl orescence, reduced androecium, 1-locular ovary 
with nonintruding parietal placenta, unique type of the 
fruit dehiscence, and seeds provided with strophiole.

5. CALOCHORTACEAE

Dumortier 1829. 1/65. Temperate western North 
America from British Columbia and Dakota south to 
Guatemala with the greatest concentration of species 
in California.

Calochortus.
Calochortaceae are rather isolated within the order, 

but embryologically they are nearest to the 
Scoliopaceae (“The greatest embryological similarity 
is found between Scoliopus and Calochortus,” Berg 
[1962: 51]).

6. LILIACEAE

A.L. de Jussieu 1789. (Erythroniaceae Martynov, 
1820; Fritillariaceae Salisbury, 1866; Liriaceae Batsch 
ex Borkhausen 1797; Tulipaceae Batsch ex Borkhausen 

1797). 13/550. Temperate and subtropical regions of 
the Northern Hemisphere, especially western, Central 
Asia, Himalayas, and eastern Asia.

lloydieae: Gagea, Lloydia; lilieae: Cardiocrinum, 
Lilium, Notholirion, Nomocharis, Fritillaria Korol-
kowia, Rhinopetalum; tulipeae: Tulipa, Amana, 
Holongia, Erythronium.

7. MEDEOLACEAE

Takhtajan 1987. 2/6. Eastern Asia and North 
America.

clintonieae: Clintonia; medeoleae: Medeola.
Related to the Liliaceae but differ from them 

 markedly in basic chromosome number, type of the 
subterranean storage organ, the absence of nectaries, 
style morphology, crassinucellate ovules, and baccate 
fruits.
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Order 9. BURMANNIALES

Mostly small, perennial or annual mycorrhizal herbs, 
achlorophyllous and mycotrophic or less often auto-
trophic. The perennial autotrophic members with elon-
gate or sometimes tuberous rhizome or tubers. Vessels 
with scalariform perforations present in roots, stems, 
and leaves of autotrophic species of Burmannia. Sieve-
element plastids of P2c-type (Behnke 2002). Leaves 
alternate, basally sheathing, in mycotrophic species 
more or less reduced to scales, in autotrophic species 
linear to lanceolate and mostly concentrated at the base 
of the stem. Stomata anomocytic. Flowers terminal, in 
cymose infl orescences (usually a bifurcate cincinnus) 
or solitary, bisexual, actinomorphic to more or less 
zygomorphic, 3-merous. Perianth of 6(-8) segments in 
two cycles, more or less connate into a tube, sometimes 
the inner cycle absent. Stamens six in two cycles or 
(Burmanniaceae and rarely in Thismiaceae) only three 
and then opposite the inner segments (in contrast to the 
Iridales, where the stamens alternate with the inner 
segments); fi laments usually short, attached to the peri-
anth tube or (Corsiaceae) free from the perianth; anthers 
mostly with short fi laments, tetrasporangiate, opening 
longitudinally or laterally, extrorse or introrse,. Tapetum 
secretory. Microsporogenesis successive. Pollen grains 
mostly 3-celled, tectate-columellate, 1-colpate or 1–2-
porate, sometimes polyforaminate or inaperturate, psi-
late, undulate, folded or fi nely reticulate. Gynoecium 
of three united carpels, with fi liform or short, simple or 
apically 3-brachiate style; ovary inferior, 3-locular to 
1-locular, with numerous ovules per locule or per pari-
etal placenta. Septal nectaries present or absent. Ovules 
minute, anatropous, bitegmic, tenuinucellate, without 
parietal cell. Female gametophyte of Polygonum-type 
or sometimes (in some species of Burmannia) of 
Allium-type. Endosperm helobial or rarely (some 
 species of Thismia) cellular. Fruits usually capsular 
and dehisce longitudinally or transversely by slits or by 
valves, with terminal aperture or irregularly, rarely 
indehiscent. Seeds numerous and very small, with min-
ute and undifferentiated, mostly globular embryo that 
often consists of 3–8 cells; endosperm usually consists 
of few cells; testa usually reticulate.

According to Dahlgren et all (1985: 216) “The clos-
est relatives are perhaps the Melanthiales, in which 
Campynemataceae takes an intermediate position 
between the orders”. Rudall and Eastman (2002) also 
came to the conclusion, that there are range of mor-
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phological similarities between Corsia and Campy-
nemataceae, which in their opinion tends to support 
preliminary inferences from molecular data that they 
are closely related. Thus, Burmanniales are most prob-
ably closely related to Campynemataceae, which in 
my system is placed in Liliales.

Key to Families
1 Fertile stamens three. Autotrophic or saprophytic, 

annual or perennial herbs. Vessels, when  present, in 
roots and stems, with scalariform perforations. 
Leaves well developed, or much reduced, or absent, 
basal or with neither basal nor terminal aggrega-
tions of leave, alternate, spiral or distichous,  sessile, 
simple, entire, linear to ovate. Plants without silica 
bodies. Flowers solitary or in terminal cymes. 
Perianth generally actinomorphic, with straight or 
rarely curved tube and often very short lobes; often 
both perianth tube and ovary 3-angled or 3-winged. 
Stamens opposite the inner segments (when pres-
ent); fi laments short, inserted in the perianth tube; 
anthers introrse to latrorse, with thick and broad, 
sometimes transversely extended connective, open-
ing transversely. Pollen monoporate or inaperturate, 
psilate. Nectaries septal at the top of ovary or dis-
persed on its side. Style apically divided into three 
branches, each of which bears stigmatic surface; 
ovary 3-locular and with protruded axile placentas 
or 1-locular with parietal placentas, which may 
emerge centrally at the ovary base. Ovary anatro-
pous, tenuinucellate. Fruits capsules, loculicidal or 
rarely valvular. Seeds with testa extended into long 
wing at each end; embryo rudimentary at the time 
of seed release, testa without phytomelan; n = 6–8, 
much and high polyploidy.  . . .1. burmanniaceae.

1 Fertile stamens usually six. Plants always 
mycotrophic. Nectaries absent.
2 Stamens inserted in perianth tube, usually six, but 

in Oxygyne three, recurved to pendent; thecae lon-
gitudinally dehiscent and united (separate when 
forming an anther tube), introrse. Small, often 
somewhat  succulent, perennial, rhizomatous 
herbs; rhizome sometimes branched and coral-
like. Leaves alternate or opposite, small, distic-
hous, sessile, simple, entire. Mesophyll containing 
calcium oxalate crystals. Flowers in a few-fl ow-
ered cincinnus or more often solitary, small, zygo-
morphic or actinomorphic. Perianth segments 
similar in the two whorls, or different (the lobes 
equal, or those of the inner whorl  longer). Anthers 

basifi xed, appendages (with apical enlargement of 
the connective. Tapetal cells unicellular,  pollen 
porate. Ovary 1-locular, with three parietal pla-
centas; styles one, apical, stigmas three, placenta-
tion parietal. Ovules numerous, anatropous. Fruits 
 circumscissile capsules. Seeds numerous, minute, 
embryo rudimentary at the time of seed release, 
tecta without  phytomelan; endosperm lacking; n = 
6–8, 11–13.. . . . . . . . . . . . . . . . . 2. thismiaceae.

2 Stamens free from the perianth. Mycotrophic 
herbs, erect or (Corsia) creeping with rhizomes 
or tubers. Plants without silica bodies. Leaves 
alternate, sessile, simple, entire, reduced to rather 
large scales, spiral to 2-ranked. Flowers solitary, 
terminal, bisexual or (Corsiopsis) dioecious or 
monoecious. Perianth strongly zygomorphic, one 
of the segments (the posterior of the outer cycle) 
large and brightly coloured (red-violet), adaxial; 
the other linear- fi liform and more or less refl exed. 
Stamens six; fi laments short; anthers dorsifi xed, 
extrorse. Pollen grains sulcate or ulcerate. Ovary 
inferior, 1-locular, with three much intruded and 
bifurcate placentas. Stylodia free or connate into 
a style; stigmas thick. Ovules numerous, anatro-
pous, tenuinucellate. Endosperm helobial. Fruits 
capsules dehiscing by three vertical valves down 
to the base or with terminal aperture. Seeds 
numerous, minute or small, with reticulate testa 
prolonged into a wing at each end and testa with-
out phytomelan; embryo  rudimentary at the time 
of seed release; endosperm multicellular (Corsia) 
or reduced to few cells (Arachnitis), oily or not 
oily; n = 9. . . . . . . . . . . . . . . . . . . 3. corsiaceae.

1. BURMANNIACEAE

Blume 1827. 10/95. Widely distributed in the tropics 
and subtropics.

Burmannia, Campylosiphon, Hexapterella, Dicty-
ostega, Miersiella, Cymbocarpa, Gymnosiphon, 
Apteria, Marthella, Geomitra.

2. THISMIACEAE

J. Agardh 1858. 5/40. Southeastern Asia, Africa, 
America (mainly Brazil), Australia, and New Zealand.

Oxygyne, Afrothismia, Haplothismia, Thismia, 
Scaphiophora.
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3. CORSIACEAE

Beccari 1878 (including Arachnitidaccae Munoz 
1966). 3/30. China (Corsiopsis), New Guinea, Solomon 
Islands, and Australia (Corsia, 27) and Bolivia, Chile, 
Patagonia and Falkland Islands (Arachnitis, 2).

Corsia, Corsiopsis, Arachnitis.
Close related to the Burmanniaceae.
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Order 10. ALSTROEMERIALES

Erect or sometimes climbing rhizomatous perennial 
herbs or vines with fi brous and often also fusiform and 
fl eshy tuberlike roots containing starch. Stems leafy, 
those of climbing species up to 4–6 m long. Calcium 
oxalate raphides present. Vessels both in roots (mostly 
with scalariform perforations) and stems (only with 
scalariform perforations). Axial parenchyma contains 
starch. Leaves alternate, linear to oblong, glabrous or 
pubescent on both leaf surfaces; epicuticular wax 
sometimes present. Stomata anomocytic. Infl orescences 
terminal or axillary, consisting of helicoid cymes, 
umbel-like or capitate, rarely fl owers solitary. Flowers 
usually few to numerous (up to 100 in some Bomarea), 
bisexual, more or less actinomorphic or zygomorphic 
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(Alstroemeria), 3-merous. Perianth segments six, in two 
cycles, usually free. Stamens six in two cycles; fi la-
ments free, narrow; anthers basifi xed, elongate, introrse 
or extrorse, tetrasporangiate, opening longitudinally, 
rarely by apical pores (Luzuriagaceae). Tapetum 
 secretory. Microsporogenesis successive. Pollen grains 
2-celled, large, 1-colpate, usually plano-convex. 
Gynoecium of three united carpels; style fi liform, more 
or less 3-lobed; ovary inferior or superior (Lazuriagaceae), 
3-locular or 1-locular. Ovules anatropous, bitegmic, 
tenuinucellate or (Petermannia) crassinucelate Female 
gametophyte of Polygonum-type. Endosperm nuclear. 
Fruits loculicidal capsules, or  berries. Seeds globose to 
ellipsoid, embryo straight, cylindrical or linear; seeds 
lacking phytomelan; endosperm copious, contains 
hemicellulose, aleurone, and fatty oils; Steroidal 
saponins present or absent; contain chelidonic acid, 
 fl avonol glycosides; n = 5, 8, 9, 10.

Most probably related to the Liliaceae, which is 
also supported by the accumulation of appreciable 
amounts of tuliposide A (Slob et al. 1975). Hallier 
(1912) derived (with a question mark) Alstroemeriaceae 
from the Liliaceae.

Key to Families
1 Ovary superior.

2 Steroidal saponins present. Slender shrubby 
perennials from short rhizome. Calcium oxalate 
raphides present. Roots fi brous. Rhizome with 
monocotyledonous secondary thickening. Stems 
thin, branching, erect or twisting. Vessels with 
simple or scalariform perforations. Leaves alter-
nate, distichous, shortly petiolate, ovate, parallel-
veined, with many cross-veins. Stomata 
anomocytic. Flowers in axillary reduced cymes 
(bostryx), or solitary, functionally dioecious, 
small, hypogynous, actinomorphic, articulated 
on the pedicels with a short pericladium. Perianth 
segments six, not twisted after anthesis, united 
about two thirds of their length into a campanu-
late tube, persistent. Stamens six in two whorls; 
fi laments adnate to the tepals; anthers 2-locular, 
tetrasporangiate, basal- dorsifi xed, introrse. In 
female fl owers stamens adnate to the perianth 
segments and reduced in size. Pollen grains obo-
vate and sulcate, with reticulate exine. Gynoecium 
of three united carpels; style with 3-lobed, wet 
stigma; ovary 3-locular; ovules 2–3 per locule, 
anatropous, tenuinucellate; in male fl owers ovary 

is shorter, lacks loculi, but has well- developed 
septal nectaries. Fruits berries; seeds angular, 
without phytomelan; testa and tegmen thin-
walled; endosperm copious, storing aleurone and 
lipids; embryo clavate, about two thirds as long 
as the seed.  . . . . . . . . . . . . . . . . 2. behniaceae.

2 Steroidal saponins absent. Terrestrial or epiphytic 
perennials with thin woody stems and thin rhi-
zomes (Drymophila) or shrubs with short rhi-
zomes (Luzuriaga). Stems thin, branching or 
simple, erect or scrambling. Vessels in the roots 
and stems, with simple or scalariform perfora-
tions. Calcium oxalate raphides and druses pres-
ent in Drymophila. Leaves alternate, distichous, 
sessile or slightly petiolate, simple, linear to ovate, 
with numerous parallel veins and very slight retic-
ulate or transverse venation, lamina inverted; mes-
ophyll containing mucilage cells and calcium 
oxalate crystals. Flowers bisexual, in axillary, 
monobrachial cincinnus or solitary, actinomor-
phic, articulated on the pedicels (Luzuriaga) or at 
base of ovary (Drymophila). Perianth segments 
six or rarely eight in Drymophila, free almost to 
base, nectariferous at the base. Stamens six in two 
cycles; fi laments free; anthers basifi xed or dorsi-
fi xed, introrse or extrorse, opening longitudinally 
or sometimes by apical pores. Pollen grains 1-col-
pate, reticulate, or (Geitonoplesium) trichotomo-
sulcate. Gynoecium of three united carpels; style 
with deeply 3-lobed (Drymophila) or capitate 
stigma; ovary superior 3-locular or rarely 1-locu-
lar, with several anatropous to hemitropous ovules. 
Fruits berries or berry-like, fl eshy capsules. Seeds 
few to numerous, small, testal, in Eustrephus with 
fl eshy strophiole. Endosperm copious, storing fat 
and aleurone and also hemicellulose (except 
Geitonoplesium); embryo straight, usually rather 
long, or curved (Geitonoplesium, Eustrephus). 
n = 10.  . . . . . . . . . . . . . . . . . 1. luzuriagaceae.

1 Ovary inferior.
3 Fruits capsules or rarely (some sp. Bomarea) fruits 

berrylike and indehiscent. Erect or sometimes 
climbing rhizomatous perennial herbs or vines 
(most Bomarea), with fi brous and often also fusi-
form and fl eshy tuberlike roots containing starch; 
very rarely (Alstroemeria graminea) annuals with-
out storage roots. Stems unbranched, leafy, those 
of climbing  species up to 4 m long or even longer. 
Calcium oxalate raphides present. Vessels both in 
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roots (mostly with scalariform perforations) and 
stems (only with scalariform perforations). Axial 
parenchyma contains starch. Leaves alternate, lin-
ear to oblong, narrowing at the base, generally 
twisted at the base by 180 degrees and reversing 
the surfaces, glabrous or pubescent on both leaf 
surfaces; epicuticular wax sometimes present. 
Stomata anomocytic. Infl orescences terminal, 
consisting of helicoid cymes, umbel-like or 
(Leontochir)  capitate, rarely unifl oral. Flowers 
usually few to numerous (up to 100 in some 
Bomarea), rather large, subtended by relatively 
large leaf-like bracts, bisexual, more or less acti-
nomorphic or zygomorphic (Alstroemeria), 3-mer-
ous. Perianth segments six, in two cycles,  usually 
free, more or less similar to conspicuously differ-
ent in two cycles (the inner often longer, of differ-
ent colour and more variegated than the outer 
one), in all genera the base of all or two of the 
inner tepals is canaliculate and in Leontochir even 
closed to form a pocket and contains nectar from 
 succulent trichomes (Bayer 1998). Stamens six in 
two cycles; fi laments free,  narrow; anthers pseudo-
basifi xed, elongate, sagittate, tetrasporangiate, 
opening longitudinally, latrorse. Tapetum secre-
tory. Pollen grains 2-celled, large, 1- colpate, usu-
ally plano-convex, semitectate. Gynoecium of 
three united carpels; style fi liform, more or less 
3-lobed; ovary inferior, 3-locular or 1-locular 
(Leontochir and one species of Alstroemeria by 
abortation late in development), with numerous 
ovules per locule or per parietal placenta; distinct 
decurrent borders of the outer perianth segments 
are seen on the  surface of the ovary as well as a 
circular scar around the top of the fruit left after 
the shedding of the perianth. Placentation axile 
(Alstroemeria, Bomarea) or parietal (Leontochir, 
Alstroemeria  pygmaea). Ovules anatropous, tenu-
inucellate, with funicular obturator; no  parietal 
cell cut off from the archesporial cell. Fruits more 
or less truncate capsules, opening loculicidally 
from the top to the base or only on the top, in 
Alstroemeria mostly explosively, rarely (some 
species of Bomarea) fruits berrylike and indehis-
cent. Seeds globose or  globose to ellipsoid, mostly 
tuberculate, with long, narrow raphe and well- 
expressed hilum; testa of few to many cell layers, 
dry or (Bomarea) fl eshy, with small amount of 
phlobaphenes in endotesta (at least in Alstroemeria), 
the inner integument reduced to thin membrane; 

endosperm copious, consists of cells with large 
pores, contains hemicellulose, aleurone, and fatty 
oils; embryo straight, cylindrical, about one-third 
to two-thirds the length of the endosperm. Produce 
steroidal saponins and chelidonic acid as well as 
fl avonol glycosides and tuliposides (in which the 
order agrees with the Liliaceae), but alkaloids are 
lacking, n = 8 (Alstroemeria) or 9 (Leontochir and 
Bomarea). Chromosomes generally large.  . . . . . .
3. alstroemeriaceae.
3 Fruits berries. Perennial, rhizomatous, woody 

lianas with fi brous irregularly distributed 
adventitious roots and more or less prickly, 
climbing or scrambling stems to 6 m long. 
Calcium oxalate raphides present in all parts. 
Branching sympodial and some of morphologi-
cally terminal infl orescences transformed into 
branched tendrils. Vessels in roots and stem, 
with  scalariform perforations. Leaves alternate, 
shortly  petiolate, broadly lanceolate, acumi-
nate, pinnate- striate veined with reticulate fi ner 
venation. Flowers in leaf-opposed or terminal 
branched cymes, bisexual, not articulated, 
ebracteate. Perianth segments six,  subequal, 
spreading, or refl exed, basally nectariferous. 
Stamens six, free, inserted at the base of peri-
anth;  fi laments fi liform; anthers oblong, bas-
ifi xed, tetrasporangiate, extrorse. Tapetum 
plasmodial. Pollen grains 1-colpate, with small 
spinules, contains starch grains at anthesis 
(Conran and Clifford 1986). Gynoecium of 
three  carpels; style slender, with capitate, 
slightly 3-lobed stigma; ovary 1-locular, with 
numerous  anatropous, crassinucellate ovules 
on parietal placentas. Berries bright red, with 
thick, fl eshy pericarp. Seeds numerous more or 
less globose but somewhat angular, rugulose, 
dark brown, with thickened exotesta, several-
layered mesotesta and thick-walled endotesta; 
tegmen consists of collapsed thin-walled cells; 
embryo linear, medium-sized; endosperm copi-
ous. Steroidal saponins and alkaloids lacking, 
n = 5.  . . . . . . . . . . . . . . 4. petermanniaceae.

1. LUZURIAGACEAE

J.P. Lotsy 1911 (including Eustrephaceae Chupov 
1994, including Geitonoplesiaceae R. Dahlgren ex 
Conran 1994). 4/7. South America from Peru to Tierra 
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del Fuego, and Falkland Islands; Southern Africa, 
Malesia from Java to New Guinea, Australia 
(New South Wales to Tasmania), New Zealand, 
New Caledonia.

luzuriageae: Drymophila, Luzuriaga; 
eustrepheae: Eustrephus, Geitonoplesium

2. BEHNIACEAE

Conran, Rudall et Chase 1997. 1/1. Southern and 
South-Eastern Africa.

Behnia.
Taxonomic position of monotypic genus Behnia is 

debatable. Schlittler (1953) included this genus in 
Luzuriagoideae (Liliaceae s.l.). The molecular studies 
of Chase et al. (1995) found instead that Behnia occu-
pied a basal position to clade containing the Agavaceae, 
Anthericaceae.

3. ALSTROEMERIACEAE

Dumortier 1829. 3/280. From central Mexico and West 
Indies to Chile and Argentina, mostly in the Andes.

Leontochir, Bomarea, Alstroemeria (including 
Schickendantzia and Taltalia).

Related to the Luzuriagaceae (Bayer 1998; Meerow 
2004), which is also supported by the presence of 
colchicines alkaloids, fl avonol glycosides (and absence 
of fl avones) and the accumulation of appreciable 
amounts of tuliposide A (Hegnauer 1963; Slob et al. 
1975), as well as by the molecular and morphological 
data (Chase et al. 1995; Rudall et al. 2000; Vinnersten 
and Bremer 2001; Soltis et al. 2006).

4. PETERMANNIACEAE

Hutchinson 1934. 1/1. Eastern Australia.
Petermannia.
Closely related to the Luzuriagaceae (Stevenson 

and Loconte (1995)
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Order 11. SMILACALES

Rhizomatous herbs or shrubs. Rhizomes with or 
 without secondary thickening. Roots fi brous. Oxalate 
raphides present. Vessels in roots, in roots and stem, or 
sometimes also in leaves, with scalariform, simple, or 
scalariform and simple perforations. Leaves alternate, 
distichous, opposite or verticillate, sessile or petiolate, 
mostly without a sheathing base, mostly coriaceous, 
with several prominent longitudinal veins, often with 
usually prominent reticulate or transverse venation; 
midrib or main veins prominent. Stomata anomocytic. 
Flowers in terminal or axillary infl orescences or rarely 
solitary, mostly articulated on the pedicels, bisexual 
(Philesiaceae, and Ripogonaceae) or unisexual and 
dioecious, actinomorphic, 3-merous. Perianth seg-
ments six, usually more or less similar, free or connate 
into a tube. Stamens six, rarely (some Smilacaceae) 
three or nine (up to 18); fi laments usually free or some-
times (Heterosmilax) more or less connate into a tube 
or column, sometimes adnate to the base of perianth 
segments or to the perianth tube; anthers basifi xed or 
dorsifi xed, tetrasporangiate or disporangiate, extrorse, 
latrorse or introrse, usually opening longitudinally. 
Tapetum secretory or (Ripogonum) plasmodial. 
Microsporogenesis successive. Pollen grains 2-celled, 
1-colpate and with reticulate ornamentation or inaper-
turate and spinulose. Nectaries often occur at the bases 
of perianth segments or stamens. Gynoecium of three 
united carpels; stylodia free or only basally connate or 
connate into a style with 3-lobed or capitate stigma; 
ovary superior 3-locular or 1-locular, with one or two 
to numerous ovules per locule or per parietal placenta. 
Septal nectaries absent. Ovules anatropous, hemitrop-
ous, campylotropous, or orthotropous, bitegmic, 
crassinucellate, with parietal cell. Female gametophyte 
of Polygonum-type. Endosperm nuclear. Fruits berries. 
Seeds without phytomelan crust, with straight and 
sometimes very small embryo and copious endosperm 
containing aleurone, lipids, and sometimes hemicellu-
lose, rarely (Ripogonum) starch. Lacking alkaloids.

Related to the Alstroemeriales and probably derived 
from the same stock.

Key to Families
1 Plants without tendrils.

2 Leaves alternate, usually with inverted lamina. 
Erect (Philesia) or climbing (Lapageria) shrubs 
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from short woody rhizomes. Vessels in roots and 
stem, with scalariform perforations. Leaves ses-
sile or petiolate, more or less sheathing at base, 
ovate to lanceolate or broadly linear and twisted 
at base, but lamina not inverted, with one 
(Philesia) or 3–5 (Lapageria) prominent parallel 
veins and distinctly reticulate or transverse vena-
tion. Stomata anomocytic (in Lapageria trans-
versely oriented in relation to parallel veins). 
Flowers solitary in leaf axils or terminal on short 
branchlets; pedicels not articulated. Perianth seg-
ments free, in Philesia the outer cycle short and 
nearly sepaloid; inner segments always large, 
petaloid and overlapping to form a campanulate 
perigone. Filaments free (Lapageria) or connate 
half-way up (Philesia), anthers subbasifi xed, 
extrorse or introrse, opening longitudinally. 
Pollen grains inaperturate and spinulose. Style 
linear, with 3-lobed or capitate stigma; ovary 
1-locular, with numerous anatropous or amphi-
tropous ovules on intrusive parietal placentas. 
Seeds globose; endosperm copious and consists 
of cells with rather thin, nonpitted walls; embryo 
1/2 as long as the seed. Steroidal saponins pres-
ent. n = 15, 19.  . . . . . . . . . . . . 1. philesiaceae.

2 Leaves opposite, decussate or verticillate. Lamina 
noninverted. Commonly climbing shrubs with 
 glabrous or pubescent and often prickly stems, 
sometimes up to 20 m tall. Vessels only in roots 
and stem, with scalariform perforation. Leaves 
with twisted petiole, 3–5  parallel veins and retic-
ulate transverse venation. Flowers in axillary 
racemes or spikes or in terminal racemose pani-
cles, usually bisexual. Perianth segments free, 
similar, spreading. Filaments free, very short; 
anthers basifi xed or subbasifi xed, tetrasporan-
giate, opening longitudinally, latrorse. Pollen 
grains 1- colpate, reticulate and slightly foveolate. 
Style very short and thick or absent; stigma 
minutely 3-lobed; ovary 3-locular, with (1)2 ana-
tropous ovules per locule. Seeds brown; seed coat 
derived mainly from tegmen and chalazal layers, 
whereas fl eshy testa are represented by cuticular 
membrane that includes obliterated remnants of 
outer integument; endosperm copious, very hard, 
consists of radially elongated, thick-walled cells 
with scalariform-pitted walls, contains starchy 
grains and hemicellulose; embryo very small, 
linear. n = 15.  . . . . . . . . . . . . .2. ripogonaceae.

1 Plants mostly with paired tendrils on petiole. Woody 
or herbaceous creeping, climbing, or scrambling 
plants with rhizomatous or tuberous rootstock and 
often prickly stems and branches. Vessels in all 
parts, with scalariform perforations. Leaves alter-
nate, lower ones reduced to scales, upper ones lan-
ceolate to elliptic or cordate-orbiculate, petiolate, 
entire or slightly lobed, 3–9-veined, reticulate-veiny 
between parallel veins. Flowers rather small, in axil-
lary,  usually peduncled umbels or fascicles that are 
solitary or arranged on elongated axis, dioecious. 
Perianth  segments free (Smilax) or united into den-
tate tube. Stamens six (rarely up to 15) or less often 
nine (Pseudosmilax) or only three (Heterosmilax) 
free or (Heterosmilax) united into a column; anthers 
 basifi xed, disporangiate, introrse. Pollen grains in 
monads,  globose, inaperturate or indistinctly 1-col-
pate, spinulose. Male fl owers without pistillodia. 
Stylodia short, thick, and spreading, free or rarely 
basally shortly connate, papillate; ovary 3-locular, 
with 1–2 pendulous, orthotropous ovules. Staminodia 
in female fl owers present. Fruits berries. Seeds 
brown, shiny; when ripe, testa is obliterated and only 
tegmen remains, phlobaphenes; endosperm copious, 
consists of radially elongated, thick-walled cells and 
contains hemicellulose,  aleurone, and fatty oils, but 
starch is lacking; embryo small, linear, straight. n = 
13, 14, 15, 16.   . . . . . . . . . . . . . . . 3. smilacaceae.

1. PHILESIACEAE

Dumortier 1829. 2/2. Southern Chile.
Philesia, Lapageria.
Closely related to the Smilacaceae (see Conran 

1989). Molecular studies also supported a close rela-
tionship between the Philesiaceae and the Smilacaceae 
(Chase et al. 1995; Soltis et al. 2006).

2. RIPOGONACEAE

Conran et H. Clifford 1985. 1/6. New Guinea, eastern 
Australia, New Zealand, and Stewart and Chatham 
Islands.

Ripogonum.
Related to the Philesiaceae and in some respects 

occupying an intermediate position between them and 
the Smilacaceae.
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3. SMILACACEAE

Ventenat 1799. 2/320–370. Mainly tropical and sub-
tropical regions, but also in warm-temperate regions.

Smilax, Heterosmilax (Pseudosmilax).
Close to the Ripogonaceae and the Philesiaceae. 

All this families have unique spiny pollen (Rudall 
et al. 2000).
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Order 12. ORCHIDALES

Perennial herbs, terrestrial or epiphytic, usually 
mycotrophic or occasionally saprophytic, rhizomatous 
or tuberous. Silicia bodies enclosed in special cells, 
calcium oxalate raphides usually present. Vessels 
mostly only in roots, sometimes also in the stem and 
also in leaves, mostly with scalariform perforations. 
Leaves alternate or rarely opposite, parallel-veined. 
Stomata mostly paracytic or sometimes tetracytic. 
Flowers in various types of infl orescences, usually 
bisexual, mostly zygomorphic. Perianth segments six, 
free or more or less connate. Stamens six, three, two or 
usually one. Anthers dorsifi xed or basifi xed, introrse 
or seldom latrorse, tetrasporangiate, opening longitu-
dinally. Tapetum secretory or rarely plasmodial. 
Microsporogenesis simultaneous or successive. Pollen 
grains mostly 1-colpate, tectate-columellate. 
Gynoecium of three united carpels; ovary superior or 
more often inferior, 3-locular or rarely unilocular, 
ovules of various number but mostly numerous, anat-
ropous, very rarely hemitropous or campylotropous, 
crassinucellate or more often tenuinucellate, usually 
bitegmic. Female gametophyte of Polygonum-type or 
rarely of Allium-type, very rarely tetrasporic. 
Endosperm mostly nuclear. Fruits mostly capsular. 
Seeds usually numerous. Endosperm reduced or more 
often lacking, very rarely (Lanaria) copious. Embryo 
well developed or more often reduced and 
undifferentiated.

Very old group, which probably originated from the 
melanthianean ancestor.
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Key to families
1 Ovary superior.

2 Seeds brown, clothed with colourless hairs often 
appearing white. Perennial herbs with more or 
less tuberous, short rhizome and fi brous roots. 
Leaves alternate, distichous, usually concen-
trated at the base of stem, linear, with prominent 
midrib and rough edges, sheathing slightly at 
base; cauline leaves small, bracteal. Stomata 
anomocytic. Flowers large, pendulous, in termi-
nal racemes, bisexual, actinomorphic, campanu-
late, each subtended by a bract and two smaller 
bracteoles. Perianth segments six, petaloid, con-
nate into a tube for about four-fi fths of their 
length. Stamens six in two cycles, inserted in 
perianth tube; anthers dorsifi xed, tetrasporan-
giate, dehiscing latrorsely by slits. Tapetum 
secretory. Microsporogenesis simultaneous. 
Pollen grains 1-colpate, with granular exine. 
Ovary superior, 3-locular, tapering below into a 
gynophore, stipitate, with 40–50 ovules per loc-
ule, inserted in two rows; style short, not distinct 
from ovary, with small 3-grooved stigma. Ovules 
anatropous, bitegmic, crassinucellate. Septal 
nectaries  present as deep exterior grooves. 
Female gametophyte of Polygonum-type. 
Endosperm helobial. Fruits septicidal capsules. 
Seeds 5–6 mm long, oblong-falcate, angulate, 
with phytomelan in testa and phlobaphene in 
 tegmen, with remnants of nucellar tissue; 
endosperm copious; embryo linear, slightly 
curved. n = 17, 27.  . . . . . 1. blandfordiaceae.

2 Seeds black, glabrous. Perennial herbs (dwarf to 
large), shrubs or trees (Cordyline) to 10 m tall, 
often rhizomatous or tuberous, occasionally epi-
phytic (on trees). Raphides present. Secondary 
thickening  anomalous (Cordyline) or absent. 
Vessels only in roots, with scalariform perfora-
tions. Leaves alternate, spiral or distichous, 
mesomorphic to leathery and stiff, linear to 
broadly lanceolate, mostly keeled, sheathing at 
base, usually densely pubescent, at least when 
young; the trichomes scalelike or stellate, multi-
cellular and  arising from multicellular base; 
mucilage canals present in leaves of some spe-
cies of Astelia and Collospermum. Stomata para-
cytic. Flowers in one  terminal and several lateral 
bracteate racemes or spikes, trimerous or 
(Neoastelia) penta- to heptamerous, bisexual, 

polygamo-dioecious or dioecious, actinomor-
phic. Perianth segments six in two cycles, free or 
basally connate, similar. Stamens six in two 
cycles, free or inserted on the perianth in 
Milligania; anthers basifi xed to  dorsifi xed, open-
ing longitudinally, introrse, unappendaged. 
Female fl owers with staminodia. Floral nectaries 
present Microsporogenesis successive, or 
(Milligania) simultaneous. Pollen grains 1-col-
pate or (Collospermum) both 1-colpate and tri-
chotomocolpate, more or less echinate. 
Gynoecium of 3(-7) united carpels; stylodia con-
nate into short style (in Neolitsea stylar branches 
elongated with decurrent stigmas) or stigmas 
more or less sessile; in some species of Astelia 
there is a gradual transition between ovary and 
style. Ovary superior, 3-locular (placentation 
axile) or 1- locular (placentation parietal), with 
four to many anatropous ovules per locule; muci-
lage secreting intraovarian trichomes often pres-
ent; septal nectaries present. Ovules, anatropous 
or campylotropous, bitegmic, crassinucellate. 
Fruits berries or (Milligania) loculicidal capsules 
splitting from the apex. Seeds ovate and often 
angular, black, more or less shiny, with mucilagi-
nous hairs; exotesta encrusted with phytomelan; 
endosperm copious, containing aleurone and lip-
ids; embryo straight or slightly bent, one third to 
half the length of endosperm. Saponins/sapogen-
ins present; n = 8, 30, 35? . . . . . 2. asteliaceae.

1 Ovary inferior
3 Stamens and style fused into gynostemium. 

Strongly mycotrophic or occasionally sapro-
phytic perennial herbs, terrestrial or more often 
epiphytic, sometimes climbing or scandent, very 
rarely completely subterranean or rheophytic. 
Terrestrial species with fi brous or thickened 
tuberous or cordlike roots and usually rhizoma-
tous, the epiphytic species often with one or sev-
eral internodes modifi ed into water storage 
organs (pseudobulbs) and often with aerial hang-
ing roots covered by a thick layer of dead and 
usually spongy water-absorbing tissue derived 
from epidermis (velamen) that are also present in 
most terrestrials. Stems sympodial or (in certain 
Orchidoideae) monopodial. Silica bodies 
enclosed in special cells, calcium oxalate raphi-
des, and mucilage cells generally present. Vessels 
mostly in roots, less often also in stem, very 
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rarely also in leaves, mostly with scalariform per-
forations. Leaves alternate, mostly distichous, 
rarely opposite or verticillate, simple and usually 
entire, sometimes plicate, linear to orbicular, 
sometimes pseudopetiolate, usually parallel-
veined, often fl eshy, sheathing basally with the 
sheaths generally closed and enveloping the stem, 
in saprophytic species reduced into small scales 
or rarely entirely absent. Stomata paracytic, less 
often anomocytic, sometimes tetracytic. Flowers 
in racemes, spikes, or racemose panicles, some-
times solitary, bracteate, bisexual or rarely uni-
sexual (monoecious or dioecious), usually strongly 
zygomorphic, 3-merous, mostly resupinate at 
anthesis. Perianth segments six in two cycles; 
sepals green or more often coloured and petaloid, 
all similar or the median one (morphologically 
abaxial) differing in size and colour, mostly imbri-
cate; the median petal (morphologically adaxial) 
commonly much larger, often highly modifi ed 
and differing in colour from laterals forming the 
labellum, which often projects basally into a spur 
or sac with or without nectar, the laterals usually 
more or less like sepals. Stamens three 
(Apostasioideae), two (Cypripedioideae), or more 
often only one (Orchidoideae), all morphologi-
cally abaxial (but apparently adaxial), opposite 
labellum, when one united with the style forming 
gynostemium; anthers tetrasporangiate, opening 
longitudinally, introrse. Tapetum secretory. 
Microsporogenesis simultaneous. Pollen grains 
2-celled, solitary (Apostasioideae and part of 
Cypripedioideae), in tetrads, or agglutinated into 
waxy or mealy masses (pollinia), tectate-columel-
late, or sometimes tectate-granular or even exine-
less, 1-colpate, 2-colpate, 1-porate or inaperturate, 
rarely (Vanilla) 3-porate, with different types of 
ornamentation. Gynoecium of three united car-
pels; style more or less apically infl exed and ter-
minated by a 3-lobed stigma; all three stigma 
lobes may be fertile, but most commonly the two 
lateral ones are fertile and the median lobe is 
modifi ed into a small sterile outgrowth, the rostel-
lum; ovary inferior, 3-locular or generally 1-locu-
lar, with very numerous and minute ovules per 
locule or per parietal placenta. Ovules anatropous, 
usually bitegmic, tenuinucellate, without parietal 
cell. Female gametophyte of Polygonum-type or 
(mainly Cypripedioideae) of Allium-type, very 

rarely tetrasporic. Endosperm, when it develops, 
is nuclear, but usually endosperm formation is 
arrested very early or wholly omitted. Fruits usu-
ally capsules dehiscing by 3(6) hygroscopically 
sensitive valves, rarely fl eshy and indehiscent. 
Seeds extremely numerous, commonly minute, 
mostly dustlike, often fusiform, usually germinat-
ing only in presence of appropriate fungus; seed 
coat membranous, formed mainly by the outer 
layer of the outer integument and generally con-
sists of one layer of cells; the inner integument 
may persist as a thick layer; endosperm extremely 
reduced and mostly lacking; embryo usually not 
differentiated into distinct organs, and the cotyle-
don more or less develops only in a few species; 
on germination the embryo forms a tubercle (pro-
tocorm) with basal rhizoids but without radicle 
and usually without cotyledon. Produce fl avone 
C-glycosides and fl avonols as major leaf constitu-
ents, n = 6–29 +.. . . . . . . . . . . . 5. orchidaceae.
3 Style and stamens free.

4 Capsules many-seeded. Herbs with more or 
less tuberous rhizome or a corm often cov-
ered with membranous or fi brous sheaths of 
former leaves. Calcium oxalate raphides 
generally present, silica bodies always 
absent. Sieve-element plastids of form-P2c. 
Leaves basal, mostly tristichous, linear to 
lanceolate, prominently parallel-veined, 
with mucilage canals, often clothed with 
long, uniseriate hairs, but branched, multi-
cellular hairs also present. Stomata para-
cytic or rarely tetracytic. Flowers in axillary 
racemes, spicate, corymbose or umbellate, 
sometimes solitary, bisexual (rarely unisex-
ual in Curculigo), actinomorphic, 3-mer-
ous. Perianth segments six in two cycles 
(rarely four in two cycles), spreading, 
almost of equal size and similar in colour, 
free or less often connate into a sometimes 
long and narrow tube on top of the ovary, 
more or less persistent. Stamens six in two 
cycles or rarely (Pauridia) only three and 
then opposite the inner segments; fi laments 
subulate to fi liform, short to almost lacking; 
arising from the base of perianth segments 
or from the mouth of the perianth tube 
anthers elongate, tetrasporangiate, basifi xed 
to dorsifi xed, latrorse or introrse, opening 
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longitudinally. Tapetum plasmodial (amoe-
boid). Microsporogenesis successive. 
Pollen grains 2-celled, tectate-columellate, 
1-colpate, fi nely reticulate. stylodia connate 
into short style that is apically divided into 
three branches; ovary inferior, 3-locular to 
1-locular (Empodium). Ovules often numer-
ous, anatropous, hemitropous, or campy-
lotropous, bitegmic, crassinucellate or 
tenuinucellate, without parietal cell. Female 
gametophyte of Polygonum-type or rarely 
of Allium-type. Endosperm helobial or less 
often (Pauridia and some species of Hypoxis 
section Ianthe) nuclear; chalazal cell of 
helobial endosperm somewhat haustorial. 
Fruits either a capsule with loculicidal or cir-
cumscissile dehiscence, or sometimes more 
or less fl eshy and indehiscent or irregularly 
dehiscent. Seeds small, brown or black, usu-
ally more or less globose, tuberculate to 
spinulose, with a prominent raphe, often 
with an elaiosome; seed coat is formed by 
both integuments, but the most prominent 
part is the outer epidermis of testa, the outer 
cells of which develop characteristic protu-
berances; exotesta is characterized by prom-
inent, thick, black phytomelan crust; the 
pigments mainly being stored in the cell 
walls of the palisadlike exotesta, phloba-
phenes present also in tegmen; endosperm 
composed of thin-walled, isodiametric cells 
storing aleurone and fatty oils; embryo cylin-
drical, straight, usually more or less under-
developed, occupies two thirds or one half of 
the length of seed. Alkaloids and steroidal 
saponins absent but chelidonic acid present, 
n = 6–9, 11.  . . . . . . . . . . .4. hypoxidaceae.

4 Capsules 1-seeded. Tough herbs with rela-
tively short vertical rhizome with upper part 
bearing several leaves and below them a coat 
of densely set, fi brous old leaf sheaths. Stem 
with white, plumose hairs above, increas-
ingly dense on distal parts and on the infl o-
rescences, this appearing white and woolly. 
Leaves linear, stiff, basal, sheathing, gla-
brous. Stomata paracytic. Flowers in much 
branched, dense, bracteate corymbose pani-
cle with rhipidial lateral units. Perianth 
densely plumose, pubescent abaxially, gla-

brous  adaxially, its segments connate into a 
cylindrical- infundibular tube. Stamens all 
fertile, inserted at the mouth of the tube; 
anthers dorsifi xed, versatile, introrse, basally 
sagittate. Pollen grains 1-colpate, tectate-
columellate. Style fi liform, apically 3-lobed; 
ovary inferior or slightly semi-inferior, with 
two ovules per locule, with septal nectaries. 
The fertile locule dehiscing loculicidally. 
Seeds black, shiny; seed coat mainly of outer 
integument, with thick-walled, palisadlike 
epidermal cells encrusted with phytomelan, 
about six layers of testa below the epidermis 
and strongly compressed two cell layers of 
inner integument; endosperm copious, non-
starchy; embryo slightly curved, about as 
long as endosperm. n = 9.  3. lanariaceae.

1. BLANDFORDIACEAE

R. Dahlgren et H. Clifford 1985. 1/4. Eastern Australia.
Blandfordia.
Probably the most archaic member of the order.

2. ASTELIACEAE

Dumortier 1829. 5/55. Mascarenes, New Guinea, 
Australia, Tasmania, New Zealand, New Caledonia, 
Fiji, Samoa, and Polynesia to Hawaii and Chile.

Astelia, Collospermum, Cordyline (including 
Cohnia), Neoastelia, Milligania.

Shows some affi nities with Blandfordiaceae and 
Hypoxidaceae (Bayer et al. 1998; Rudall et al. 1998).

3. LANARIACEAE

H. Huber ex R. Dahlgren 1988. 1/1. Cape Province of 
South Africa.

Lanaria.
Possible related to Asteliaceae and Hypoxidaceae 

(Chase et al. 1995).

4. HYPOXIDACEAE

R. Brown 1814. 9/100–120. Africa (mainly South 
Africa), Mascarenes, Seychelles, tropical and subtropical 
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regions of Asia (in north to eastern Himalayas, south-
western China, and Japan). New Guinea, Australia, 
Tasmania, New Zealand, America from Atlantic part 
of the USA to West Indies and Uruguay.

Hypoxis, Rhodohypoxis, Spiloxene, Pauridia, 
Curculigo, Molineria, Hypoxidia, Empodium, Saniella.

Hypoxidaceae have probably some affi nity with the 
Asteliaceae (Rudall et al. 1997; Nordal 1998). Although 
Hypoxidaceae and Asteliaceae differ from each other 
in several respects, including successive microsporo-
genesis, inferior ovary and pollen sculpturing, there 
are some unusual anatomical characters linking the 
two families, notably branched trichomes and muci-
lage canals in the leaves (Rudall et al. 1998).

5. ORCHIDACEAE

A.L. de Jussieu 1789 (including Apostasiaceae Lindley 
1833; Cypripediaceae Lindley 1833; Limodoraceae 
Horaninow 1847; Neottiaceae Horaninow 1834; 
Neuwiediaceae R. Dahlgren ex Reveal et Hoogland 
1991; Vanillaceae Lindley 1835). 750–800/20000–
25000. Subcosmopolitan, chiefl y in tropical and sub-
tropical Asia, where representatives of all subfamilies 
and tribes occur, and tropical America.

5.1 APOSTASIOIDEAE
Terrestrial, sometimes (Apostasia) rhizomatous herbs. 
Vessels predominantly with simple perforations. Stems 
woody at the base. Leaves spirally arranged, entire, 
plicate. Stomata paracytic or tetracytic. Flowers 
slightly zygomorphic, resupinate in Neuwiedia. 
Labellum shallow. Stamens three (Neuwiedia), repre-
senting the median (adaxial) of the outer cycle and the 
lateral ones of the inner cycle, or two (Apostasia), rep-
resenting lateral ones (the median stamen staminodial 
or missing); fi laments only partly fused with the style 
in the gynostemium. Pollen grains free, 1-colpate with 
an operculum, reticulate. Style with 2- or 3-lobed 
stigma; stigma lobes equal and similar. Ovary 3- locular. 
Fruits thin-walled or fl eshy capsules, disintegrating or 
(Neuwiedia veratrifolia) dehiscing loculicidally by 
three valves. Seeds ovoid or elliptic, dark brown, 
 usually alveolate to reticulate, often sticky, sometimes 
with long funicular appendage or with a prominent 
appendage at both ends, n = 24. Southeastern Asia and 
from the Himalayas and Ceylon to New Guinea and 
northern Queensland. – Neuwiedia, Apostasia.

5.2 VANILLOIDEAE
Plant sympodial or monopodial. Vessels with scalari-
form perforation and the mostly opposite pitting of the 
lateral walls. Stomata tetracytic. Staminodes two. 
Anthers incumbent (by massive expansion of the api-
cal column/connective). Pollen grains in tetrads. Seeds 
fusiform, crustose, n = 9, 10, 12, 14–16, 18. – Cleistes, 
Isotria, Pogonia, Pogoniopsis, Duckeella, Erythrorchis, 
Cyrtosia, Galeola, Pseudovanilla, Clematepistephium, 
Dictyophyllaria, Epistephium, Eriaxis, Vanilla, 
Lecanorchis.

5.3 CYPRIPEDIOIDEAE
Terrestrial or less often epiphytic herbs with fl eshy or 
fi brous roots on short rhizomes. Vessels in roots or 
rarely in stems, with simple or scalariform perfora-
tions. Leaves spirally arranged or distichous, thin and 
plicate or fl eshy and conduplicate. Stomata anomo-
cytic or paracytic. Flowers strongly zygomorphic, 
resupinate. Two lateral sepals connate. Lateral petals 
often considerably longer and narrower than the oth-
ers, median petal (labellum) deeply saccate, character-
istically slipper-shaped. Two lateral stamens of the 
inner cycle always present, and the median stamen of 
the outer cycle is modifi ed into a characteristic shield-
like staminodium. Filaments largely united with style, 
forming a thick, infl exed gynostemium. Anthers sub-
globose and latrorse. Pollen grains in tetrads, usually 
free, 1-colpate, ulcerate or porate, with various orna-
mentation; pollen more or less viscid, but pollinia 
occur only in Phragmipedium longifolium and 
Selenipedium chica. Style thick, the stigma large and 
domelike. Ovary 3-locular or 1-locular. Fruits cap-
sules. Seeds subspheric with hard testa (Selenipedium) 
or minute with membranous testa, n = 9 or more. 
Eurasia, America. – Cypripedium, Selenipedium, 
Mexipedium, Paphiopedilum, Phragmipedium.

5.4 NEOTTIOIDEAE
Mostly terrestrial herbs without pseudobulbs, often 
facultative geophytes. Fertile stamen one or rarely 
(Diplandorchis) two, the median one of both cycles. 
Anther movably attached to gynostemium through a 
connective, commonly persistent and soon withering, 
the thecae usually closely approximate, parallel. 
Pollinia granular, sectile or occasionally mealy, 
2. – epipactideae: Cephalanthera, Sinorchis, Tangt-
sima, Epipactis, Limodorum, Epipogium, etc; neot-
tieae: Listera, Neottia, Diplandrorchis, Goodyera, 
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Ludisia, Anoectochilus, Zeuxine, Spiranthes, Cranichis, 
Ponthieva, etc.

5.5 EPIDENDROIDEAE. (including Vandoideae)
Mostly facultative epiphytes. Fertile stamen always 1. 
Anther movably attached to gynostemium through a 
connective, commonly deciduous. Pollinia waxy or 
cartilaginous, rarely mealy, 2, 4, 6, or 8. – arethu-
seae: Arethusa, Sobralia, Elleanthus, Phaius, 
Calanthe, Bletia, etc; gastroideae: Nervilia, 
Gastrodia, etc.; epipogieae: Epipogium, Stereosandra; 
coelogyneae: Coelogyne, Pleione, etc; malaxideae: 
Liparis, Malaxis, Hammarbya, Oberoma, etc.; calyp-
soeae: Calypso, Yoania; epidendreae: Epidendrum, 
Encyclia, Laelia, Cattleya, Eria, Pleurothallis, Stelis, 
Masdevallia, Restrepia, Dracula, Dendrobium, 
Flickingeria, Bulbophyllum, etc.; polystachyeae: 
Polystachya, etc.; cymbidieae: Eulophia, Ansellia, 
Cymbidium, Grammatophyllum, Catasetum, 
Stanhopea, Gongora, Oncidium, Odontoglossum, 
Miltonia, Brassia, etc.; maxillarieae: Corallorrhiza, 
Zygopetalum, Lycaste, Maxillaria, etc.; vandeae: 
Phalaenopsis, Aerides, Vanda, Arachnis, Renanthera, 
Cleisostoma, Aerangis, Taeniophyllum, Microcoelia, 
Angraecum, etc.

5.6 ORCHIDOIDEAE
Usually terrestrial herbs with spirally arranged leaves. 
Vessels in roots, with scalariform perforation. 
Commonly with storage organ, the tuberoid, which is a 
root structure around a core of stem tissue with an api-
cal bud that will grow into a new shoot in the next sea-
son, with one of the axillary buds forming a new 
tuberoid. Fertile stamen one. Anther fi rmly adnate to 
gynostemium, not deciduous or withering. Thecae 
often widely spaced, parallel, or converging. Pollinia 
rather soft, with caudicles, the caudicles directed 
toward base of anther. – orchideae: Orchis, 
Dactylorhiza, Ophrys, Anacamptis, Platanthera, 
Gymnadenia, Habenaria, Cynorkis, Peristylus, etc; 
cranichideae: Cyanicula, Aspidogyne, Moerenhoutia, 
Zeuxine, Beloglottis, Spiranthes, Cranichis, Manniella, 
etc.; diurideae: Acianthus, Corybas, Cyrtostylis, 
Bipinnula, Chloraea, Gavilea, Pterostylis, 
Stigmatodactylus, Adenochilus, Caladenia, 
Elythranthera, Eriochilus, Glossodia, Leptoceras, 
Ptaecoxanthus, Coilochilus, Diuris, Orthoceras, 
Caleana, Chiloglottis, Drakaea, Leporella, Lyper-
anthus, Megastylis, Paracaleana, Pyrorchis, Rumicola, 

Spiculaea, Genoplesium, Microtis, Thelymitra, 
Rhizanthella, Prasophyllum, Calochilus; diseae: 
Disa, Satyrium, Disperis, etc.

A rather taxonomically isolated group, which is 
characterized by a number of unique characters, includ-
ing miniaturization of the ovules and microspermy, 
silica bodies, and mesophyll idioblasts with helical 
thickening. They show connections with the 
Hypoxidaceae (Rolfe 1909, 1910; Hallier 1912; Gobi 
1916; Hutchinson 1934, 1959, 1973; Garay 1960; Rao 
1969; Takhtajan 1980, 1987, 1997; Goldblatt 1995), 
especially with the genera Hypoxis and Curculigo, 
there are indeed many similarities between Orchidaceae 
and Hypoxidaceae, and Curculigo orchioides, for 
example, strongly resemble the Orchidaceae. Also, 
chromosomes of the Hypoxidaceae resemble those of 
the Orchidaceae (Sharma 1969). Evidence from rbcL 
sequences also indicates that orchids are most closely 
related to Hypoxidaceae (Cameron et al. 1994). The 
connecting link between Hypoxidaceae and 
Orchidaceae is the most archaic subfamily the 
Apostasioideae. This intermediate position of 
 apostasiads was already mentioned by Lindley (1833) 
in his The Vegetable Kingdom (“The order seems as if 
connecting Orchids with Hypoxids”). However, 
Orchidaceae could not be derived directly from the 
Hypoxidaceae.
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Order 13. IRIDALES

Mainly perennial herbs, generally with sympodial 
rhizomes or corms, less often with bulbs, occasion-
ally shrubs with woody caudex and anomalous sec-
ondary growth, very rarely annuals (Sisyrhinchium 
spp.). Roots often mycorrhizal, without root hairs. 
Vessels usually only in roots (except Sisyrhinchium), 
with scalariform or simple perforations. Raphides 
lacking, but styloid calcium oxalate crystals present 
in vascular bundles and other tissues (absent only in 
Sisyrhinchium and closely related genera). Leaves 
basal or basal and cauline, generally distichous, often 
ensiform, linear or sometimes lanceolate or fi liform, 
rarely (Doryanthaceae) very large and long (to 3 m 
long), rarely (Geosiris) scalelike, sheathing and 
equitant at the base, parallel-veined. Stomata anomo-
cytic or paracytic. Flowers in terminal, cymose infl o-
rescences or sometimes solitary, usually bracteate, 
mostly bisexual, actinomorphic or often more or less 
zygomorphic. Perianth of six petaloid segments in 
two cycles, all alike or the two cycles or the members 
of a single cycle more or less conspicuously different 
in shape and colour, often all connate below into a 
tube; occasionally the inner cycle reduced or lacking. 
Nectaries perigonal (Iridoideae), septal (Ixioideae 
and Nivenioideae) or sometimes lacking (e.g. 
Isophysis, most Aristea). Stamens six in two cycles or 
three (two in Diplarrhena); fi laments free or some-
times connate basally or entirely; anthers basi fi xed to 
subbasifi xed, or centrifi xed, tetrasporangiate, extrorse 
to latrorse, usually opening longitudinally, rarely 
opening by apical pores. Tapetum secretory. 
Microsporogenesis mostly simultaneous. Pollen 
grains mostly 2-celled, tectate-columellate, usually 
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1-colpate, rarely 2- or 3-colpate, spiraperturate, or 
inaperturate, usually reticulate. Gynoecium of three 
united carpels; style terminal, subulate to fi liform, 
usually 3-branched above, the branches often again 
divided, sometimes expanded and strongly petaloid 
with the stigma on the outer side of the branch rather 
than at the top; ovary inferior or very rarely (Isophysis) 
superior, 3-locular or very rarely (Hermodactylis) 
1-locular with parietal placentation, usually with 
numerous ovules per locule, rarely with few or only 
one ovule. Ovules anatropous or campylotropous, 
bitegmic, crassinucellate, with parietal tissue and 
sometimes (Iris pseudacorus) with endothelium and 
in some genera with funicular  obturator. Female 
gametophyte of Polygonum-type. Endosperm helo-
bial (Doryanthes, Ixiolirion, Lanaria, Odontostomum, 
Geosiris and Isophysis) or nuclear. Fruits loculicidal 
capsules, rarely indehiscent. Seeds sometimes aril-
late; embryo rather small, cylindrical, mostly straight; 
both testa and tegmen are usually present; the outer 
epidermis is mostly pigmented with phlobaphene; 
endosperm hard, with thickened, pitted cell walls that 
contain reserves of hemicellulose; cells also contain 
aleurone and lipids but only rarely starch; embryo 
straight and fusiform and is usually 1/3–2/3 as long 
as the endosperm. The cotyledon of the seedling is 
coleoptilelike. Produces fl avone C-glycosides and 
fl avonols as major leaf constituents.

The distinctness of the Iridales is well supported by 
several characters, one of which are unique – calcium 
oxalate crystals in the form of styloids (Goldblatt et al. 
1984). Probably related to the Melanthiaceae s. 
l. (Takhtajan 1959, 1966, 1969, 1980, 1997; Goldblatt 
1990), and to the Campynemataceae. Embryologically 
the closest to the Melanthiales is Geosiris (Goldblatt 
1990).

Key to Families
1 Microsporogenesis successive. Endosperm helobial.

2 Herbs with short vertical rootsock and large leaves. 
Leaves in dense basal rosette, from 1.3 to 3 m long 
and 20 cm wide, tough, swordlike, those on the 
stem much reduced, each with characteristic brown 
tubular tip. Mesophyll containing calcium oxalate 
crystals. Stomata paracytic. Infl orescences tall (up 
to 5 m long) terminal scapes, oblong thyrses or 
global compound racemes of numerous fl owers, 
which may be substituted by bulbils. Flowers large 
(5–10 cm long), bisexual, actinomorphic or slightly 

zygomorphic. Perianth red, segments nearly free 
or basally connate into very short tube, long and 
falcate. Filaments adnate to perianth segments for 
about one-half of their length; anthers elongate, 
basifi xed (the apex of fi lament inserted into a pit at 
base of connective), opening longitudinally. 
Microsporogenes successive. Pollen grains 1-col-
pate. Ovary inferior, 3-locular, with 40–50 anatro-
pous ovules per locule; styles two long, tapering, 
with triangular stigma. Septal nectaries present. 
Endosperm helobial. Fruits large, turbinate, loculi-
cidal capsules. Seeds light brown, more or less fl at-
tened, elliptic to rhomboid, with one-sided, broad, 
papery wing, nonlignifi ed exotestal cell walls of 
Doryanthes palmeri impregnated with phloba-
phene; embryo linear, from one-third to almost as 
long as the seed and with broad cotyledon. Testa 
without phytomelan. Proanthocyanidins and ste-
roid saponines present. n = 17, 18, 22, 24, with 
clearly detectable differences in chromosome 
sizes. . . . . . . . . . . . . . . . . . . . .5. doryanthaceae.

2 Small, achlorophyllous, mycotrophic herbs with 
mycorrhizal roots. Vessels in roots, with scalari-
form perforations. Leaves small, scalelike, alter-
nate, membranous, simple, entire. Stomata 
anomocytic. Flowers in terminal cymes, bracte-
ate, small, sessile, actinomorphic. Perianth seg-
ments six in two whorled (the outer imbricate, 
the inner contorted), petaloid, blue; perigone 
tube short. Stamens three, opposite the outer 
perianth segments, very short; anthers basifi xed, 
extrorse, opening longitudinally. Pollen grains 
1-colpate. Septal nectaries absent. Ovary infe-
rior, 3-locular; style one, trilobed, stigmas three; 
ovules anatropous, placentation axile. Fruits cap-
sules or capsular-indehiscent, capsules triangu-
lar-obconical. Seeds minute, testa without 
phytomelan.. . . . . . . . . . . . . . 6. geosiridaceae.

1 Microsporogenesis simultaneous. Endosperm 
mostly nuclear.
3 Stamens mostly six, all fertile or 2–3 stamino-

dial, attached to segments.
4 Ovules without chalazosperm.

5 Anthers opening longitudinally. Glabrous 
herbs with leafy stem and bulb-shaped tuni-
cated corm that develops lateral corms at 
some distance from its base. Vessels in roots 
with scalariform perforations. Leaves linear, 
not stiff, cylindrical-subulate at the apex. 
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Flowers in thyrses with helicoid cymes as 
partial  infl orescences, often reduced to few-
fl owered terminal false umbels. Perianth 
glabrous, its segments free, outer ones 
(rarely also inner ones) apiculate-mucronate. 
Stamens all fertile, in two unequal cycles; 
fi laments adnate the lower part of perianth 
segments; anthers oblong-linear to ovoid, 
basifi xed, introrse-latrorse. Pollen grains 
1-colpate, reticulate. Style 3-brachiate; 
ovary inferior, with many superposed ovules 
per locule. Fruits dehiscing at the top, with 
numerous seeds. Seeds small, ovoid oblong, 
slightly curved, reticulate, black; testa con-
sists of elongate, hexagonal epidermal cells 
with phytomelan and several cell layers with 
thin reddish brown walls; tegmen thin and 
membranous; endosperm cells thin-walled, 
walls pitted, containing aleurone, fats, hemi-
cellulose, and also some starch in cells sur-
rounding embryo; embryo straight, fusiform, 
nearly as long as endosperm. Alkaloids lack-
ing, n = 12, chromosomes varying consider-
ably in size.  . . . . . . . . . . .1. ixioliriaceae.

5 Anthers opening apically by narrow pore or 
by an apical pore continuing in a short slit.
6 Ovary largely superior. Ovules generally 

campylotropous. Rootstock naked, fl eshy, 
lobate, potatolike tuber with fi brous roots 
emerging from each lobe, rich in starch, 
with apical growing point. Basal under-
ground part of stem with one or more scars 
after cataphylls. Aerial stem leafy, with 
cauline leaves successively larger toward 
the top, rigid, scabrid from inconspicuous 
hooks on longitudinal ridges. Leaves meso-
morphic, sessile, rarely almost amplexicaul, 
linear to broadly lanceolate or ovate, the 
midrib on lower side generally scabrid, with 
recurved hooks, apically almost to distinctly 
cirrhous. Flowers on long, scabrid pedicels, 
solitary in leaf axils. Perianth segments 
basally connate into short tube. Stamens all 
fertile, inserted in perianth tube; anthers 
long, sometimes laterally coherent, bas-
ifi xed. Pollen grains 1-colpate, elliptic, 
irregularly rugulose, with densely and 
minutely perforate tectum. Style with punc-
tiform stigma; ovary with 4–12 ovules per 

locule; septal nectaries absent or (Walleria 
nutans) represented by small septal glands. 
Fruits globose, slightly 3-lobate capsules 
with 2–3 seeds. Seeds rounded to oblong, 
dark brown, warty to papillate, testa multi-
cellular, without phytomelan, with small 
hair tuft crowning each wart or papilla; 
embryo relatively large, slightly curved, 
fi lling up two-thirds of the seed lumen, 
n = 12..………… 2. walleriaceae.

6 Ovary semi-inferior. Ovules anatropous. 
Perennial glabrous herbs. Rootstock tuni-
cated corm with  fi brous-reticulate covering. 
Stems partly leafy, leaves concentrated at 
the base. Vessels in roots, with scalariform 
perforations. Leaves alternate, spiral, or 
distichous, sessile, simple linear to lanceo-
late, sheathing at the base, glabrous, not cir-
rhous. Stomata amonocytic. Flowers in 
simple or compound racemes, bracteate. 
Perianth segments free or shortly connate at 
the base; perigone tube short or absent. 
Stamens all fertile or 2–3 staminodial; 
anthers mostly basifi xed (peltate in 
Tecophilaea), sometimes connivent, with 
the connective sometimes prolonged at both 
ends. Pollen operculate. Style erect or 
slightly curved, with punctiform stigma; 
ovary 3-locular, with several to many ovules 
per locule. Fruits apically loculicidal cap-
sules with 2–3 to many seeds. Seeds elon-
gated to globose, smooth and black; testa 
encrusted with phytomelan; embryo straight 
or slightly curved; endosperm well devel-
oped, its cells with thick walls and numer-
ous pores, n = 12.  . . 3. tecophilaeaceae.

4 Ovules with the tissue in chalazal part enlarged 
to form chalazosperm in which cells are swol-
len and fi lled with compound starch grains. 
Perennial herbs with laterally constricted 
nontunicated corm with roots emerging 
directly from the sides. Stems basally with 
scale leaves and basally concentrated 1–3 
foliage leaves. Leaves alternate, distinctly 
petiolate with cordate-ovate lamina with arch-
ing main veins connected by transverse vein-
lets. Schizogenous secretory spaces with 
oil-like secretion present in leaves; mesophyll 
containing calcium oxalate crystals, or not. 
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Stomata paracytic. Flowers in racemes situ-
ated in the axils of bractlike or spathelike 
sheathing cataphylls. Perianth segments six in 
two cycles, blue, segments connate into short 
tube. Stamens inserted at the mouth of peri-
anth tube, all fertile; fi laments short, often 
S-shaped; anthers basifi xed, elongate, open-
ing by apical pore or short slit. Pollen grains 
1-colpate or sometimes trichotomocolpate, 
nonoperculate, fi nely reticulate. Style more or 
less gynobasic, with punctiform stigma; ovary 
semi-inferior, with three centrally situated, 
septal nectary grooves, 3-lobed and 3-locular, 
with two basal ovules per locule; ovules anat-
ropous, basally inserted, with a funicular 
obturator. Only one seed in one of three loc-
ules normally develops, and therefore the 
fruit may be classifi ed as a mericarp of a 
schizocarp (Dahlgren et al. 1985). Seeds 
large, pearlike, deeply pitted, yellow to 
brown, completely lack phytomelan; embryo 
with large, terminal cotyledon containing 
starch grains (Nemirovich-Danchenko 1985) 
and sunken, lateral plumule; endosperm lack-
ing (almost completely used during seed 
development), n = 11, 12.  . . . . . . . . . . . . . . . 
4. cyanastraceae.

3 Stamens three, rarely two, opposite the outer 
perianth segments. Perennial herbs or rarely 
shrubs, rhizomotous, or cormous, or rarely bul-
baceous. Vessels in roots and stems, mostly with 
simple perforations, sometimes with scalariform 
and simple perforations. Leaves evergreen or 
deciduous, alternate, usually distichous, fl at or 
terete, sessile or petiolate, simple, entire, some-
times foetid, lamina with secretory cavities, 
which containing mucilage; mesophyll with cal-
cium oxalate crystals. Stomata anomocytic. 
Flowers in terminal panicles, cymes, spikes, 
umbels and corymbs, or solitary, small to large, 
actinomorphic or zygomorphic, 3-merous. 
Perianth segments six in two cycles, the inner 
sometimes much smaller, commonly spotted; 
perigone tube long or short. Stamens opposite 
the outer perianth lobes; fi laments usually sepa-
rate from one another; anthers basifi xed, extrorse, 
opening longitudinally. Pollen grains usually 
reticulate, 1-colpate, rarely 2-, or 3-colpate. 
Ovary inferior and 3-locular, or rarely (Isophysis) 

superior and 1-locular. Styles 1, 3-lobed, stigmas 
papillate. Ovules (1-)2–50 per locule, anatro-
pous. Fruits loculicidal capsules. Seeds testal and 
temic, phlobaphene present, endotesta with lip-
ids, testa without phytomelan; embryo small to 
large, straight, chlorophyllous or achlorophyl-
lous, cotyledon coleoptile-like; endosperm thick-
walled, oily. Alkaloids present or absent, 
proanthocyanidins present or absent, fl avonols 
present or absent; n = 3 –19, 22, 25, but mostly 
7 and 10.  . . . . . . . . . . . . . . . . . . . . 7. iridaceae.

1. IXIOLIRIACEAE

Nakai 1943. 1/4–5. Egypt, Palestine and Irano-Turanian 
region to western China.

Ixiolirion.
Only a few botanists recognize a separate family 

Ixioliriaceae, and the genus is usually included in the 
Amaryllidaceae. However, it differs markedly from the 
Amaryllidaceae in its tunicated corms, leafy stem, leaf 
anatomy, infl orescence, simultaneous microsporogen-
esis, stamen and pollen morphology, and the absence 
of alkaloids. According to Dahlgren et al. (1985), 
Ixioliriaceae are closely related to some Alliaceae, to 
Tecophilaeaceae, or Phormiaceae. In my opinion the 
nearest relative is the family Tecophilaeaceae.

2. WALLERIACEAE

Takhtajan 1995. 1/3. Tropical and South Africa and 
Madagascar.

Walleria.
Walleria differs from the Tecophilaeaceae in so 

many features that it defi nitely deserves family rank 
(Huber 1969). Unlike the Tecophilaeaceae with promi-
nent operculate pollen grains, Walleria has no typical 
operculum. According to Simpson (1985: 91), Walleria 
has an apertural membrane with an outer ridge of 
exinous deposits situated median and parallel to the 
aperture. In his opinion the apertural exine of Walleria 
is probably homologous with the operculum. In addi-
tion its fl owers are solitary in cauline leaf axils, some-
what bean-like seeds are unique in being warty with a 
group of apical cells on each wart continuing each into 
a thin hair (Dahlgren et al. 1985).
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3. TECOPHILAEACEAE

F. Leybold 1862. 6/20 (including Conantheraceae 
Pfeiffer 1873; Cyanellaceae Salibsbury 1866). Africa 
(Cyanella, Kabuyea) Chile (Conanthera, Tecophilaea, 
Zephyra), and California (Odontostomum).

Cyanella, Conanthera, Odontostomum, Tecophilaea, 
Zephyra.

Related to the Ixiolariaceae, these two families 
share corms, a leafy infl orescence, and, often, a nearly 
capitate infl orescence (Soltis et al. 2006). Endlicher 
(1841: 98) placed Tecophilaea after Iridaceae as 
“Genus Iridis affi ne,” and Lindley (1853) included it in 
the Iridaceae between Sisyrhinchium and Libertia. 
Serological data supported a relationship between the 
Tecophilaeaceae and Iridaceae (Shneyer 1983). The 
Tecophilaeaceae are a sister group of the Iridaceae and 
share a common origin. Some members of 
Tecophilaeaceae, such as Tecophilaea cyanocrocus, 
resemble some Iridaceae even externally.

4. CYANASTRACEAE

Engler 1900. 1/3. Tropical Africa.
Cyanastrum (including Kabuyea).
Rather isolated within the order. The most automor-

phic characters are chalazospermous seeds, the pres-
ence of starch both in the storage tissue and embryo, 
and secretory spaces in the leaves. The habit is also 
quite different from that of Lanariaceae and 
Tecophilaeaceae and “indicates secondary adaptation 
to tropical forest habitats, e.g., in the amplifi ed leaf 
lamina” (Dahlgren and van Wyk 1988: 80).

5. DORYANTHACEAE

R. Dahlgren et H. Clifford 1985. 1/2. Eastern 
Queensland and New South Wales.

Doryanthes.
P. Rudall (2003) suggested a close morphological 

relationship between Iridaceae and Doryanthaceae.

6. GEOSIRIDACEAE

Jonker 1939. 1/1. Eastern Madagascar.

Geosiris.
Closely related to Iridaceae, especially to 

Nivenioideae, but differ in achlorophyllous, reduced to 
small scales leaves, successive microsporogenesis, and 
helobial, starchy endosperm.

7. IRIDACEAE

A.L. de Jussieu 1789 (including Crocaceae Vest 1818; 
Galaxiaceae Rafi nesque 1836; Gladiolaceae Rafi nesque 
1838; Isophysidaceae F.A. Barkley 1948; Ixiaceae 
Horaninow 1834). 78/1800. Widely distributed in trop-
ical, subtropical, and temperate regions, but especially 
numerous in Africa south of the Sahara, in the eastern 
Mediterranean, western and eastern Asia, and Central 
and South America.

7.1 ISOPHYSIDOIDEAE
Ovary superior. Microsporogenesis simultaneous. 
Chlorophyllous plants with a thick rhizome and distic-
hous, ensiform leaves. Flowers solitary, bisexual, acti-
nomorphic. Perianth segments free, lanceolate, subequal. 
Nectary absent. Style short, with simple, recurved stig-
matic branches. Fruits without an annulus at the sum-
mit. Bifl avonoids present. – Isophysis (Tasmania).

7.2 NIVENIOIDEAE
Evergreen rosette plants with a rhizome or woody cau-
dex, sometimes woody and with strongly developed 
secondary growth of the monocotyledonous type, often 
with persistent leaves. Vessels with scalariform perfo-
ration. Infl orescences bracteate panicles with units 
usually composed of paired and partly fused rhipidia, 
each enclosed in opposed leafy spathes. Flowers acti-
nomorphic; perianth fugacious, usually blue, perianth 
segments more or less free or connate into a tube. 
Nectaries, when present, septal, rarely perigonal. 
Filaments free. Style slender, 3-lobed, the lobes often 
fringed. – Aristea, Nivenia, Klattia, Witsenia, 
Patersonia.

7.3 IRIDOIDEAE
Herbs with rhizomes or tunicated corms, rarely (in the 
tribe Irideae) with bulbs. Vessels usually only in roots, 
mostly with simple perforations. Infl orescence con-
sists of one or more rhipidia enclosed in opposed leafy 
bracts. Flowers often large, generally actinomorphic. 
Perianth segments free or connate, similar or strongly 
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different. Nectaries perigonal. Filaments free to basally 
connate. Style slender or more often short, branches 
undivided or more often apically bifurcate, and in a 
number of genera they are fl at and petaloid. – 
sisyrinchieae: Libertia, Orthrosanthus Tapeinia, 
Solenomelus, Sisyrhinchium, Olsynium; MARICEAE: 
Trimezia, Pseudotrimezia, Neomarica; TIGRIDEAE: 
Cypella, Phalocallis, Larentia, Hesperoxiphion, 
Cipura, Calydorea, Eleutherine, Onira, Gelasine, 
Sphenostigma, Ennealophus (including Eurynotia), 
Herbertia, Kelissa, Mastigostyla, Cardenanthus, 
Nemastylis, Ainea, Alophia, Tigridia, Rigidella, 
Fosteria, Sessilanthera, Cobana; irideae: Dietes, 
Diplarrhena, Bobartia, Iris, Hermodactylis, 
Pardanthopsis, Belamcanda, Ferraria, Moraea 
(including Barnardiella, Galaxia, Gynandriris, 
Hexaglottis, Homeria, Rheome, Roggeveldia).

7.4 IXIOIDEAE
Herbs with corms. Vessels only in roots, mostly 
with simple perforations. Infl orescences of sessile 
flowers arranged in a spike, which may become 
paniclelike, or fl owers solitary. Flowers sessile, 
subtended by paired opposed bracts, actinomorphic 
or zygomorphic. Perianth segments connate into a 
tube. Perigonal nectaries lacking, but septal necta-
ries always present at the style base. Style slender, 
divided into three fi liform branches. – pillansieae: 
Pillansia; WATSONIEAE: Watsonia, Thereianthus, 
Micranthus, Lapeirousia, Anomatheca, Savannosiphon; 
ixieae: Tritoniopsis, Anapalina, Babiana, Antholyza, 
Zygotritonia, Gladiolus, Radinosiphon, Xenoscapa, 
Geissorhiza, Hesperantha (including Schizostylis), 
Melasphaerula, Romulea, Syringodea, Crocus, 
Freesia, Dierama, Ixia, Sparaxis, Tritonia, Duthiastrum, 
Crocosmia, Devia, Chasmanthe.

Bibliography

Arroyo SC. 1982. Anatomia vegetativa de Ixiolirion Fisch. ex 
Herb. (Liliales) y su signifi cado taxonomia. Parodiana 1: 
271–286.

Arroyo S. 1986. Leaf anatomy in the Tecophilaeaceae. Bot. J. 
Linn. Soc. 93: 323–328.

Baker JG. 1878. Systema Iridearum. Bot. J. Linn. Soc. 16: 
61–180.

Brummitt RK, H Banks, MAT Johnson, KA Docherty, K Jones, 
MW Chase, and PJ Rudall. 1998. Taxonomy of 

Cyanastroideae (Tecophilaeaceae): a multidisciplinary 
approach. Kew Bull. 53: 769–803.

Carter S. 1962. Revision of Walleria and Cyanastrum 
(Tecophilaeaceae). Kew Bull. 16: 190–200.

Cheadle V. 1969. Vessels in Amaryllidaceae and Tecophilaeaceae. 
Phytomorphology 19(1): 8–16.

Cheadle VI. 1963. Vessels in Iridaceae. Phytomorphology 13: 
245–248.

Clausen RT. 1940. A review of Cyanastraceae. Gentes Herb. 4: 
293–304.

Clifford HT. 1998. Doryanthaceae. In: K Kubitzki, ed. The fami-
lies and genera of vascular plants, vol. 3, pp. 336–338. 
Springer, Berlin/Heidelberg/New York.

Dahlgren R and AE van Wyk. 1988. Structures and relationships 
of families endemic to or centered in southern Africa. 
Monograph Syst. Bot. Missouri Bot. Gard. 25: 1–94.

De Vos M. 1963. Studies on the embryology and relationships of 
South African genera of the Haemodoraceae: Lanaria Ait. 
South Afr. J. Bot. 29: 79–90.

Donato R, C Leach, and G Conran. 2000. Relationships 
of Dietes (Iridaceae) inferred from ITS2 sequences. In: 
KL Wilson and DA Morrison, eds. Monocots: systematics 
and evolution, pp. 407–413. CSIRO, Collingwood.

Goldblatt P. 1971. Cytological and morphological studies in 
the southern African Iridaceae. South Afr. J. Bot. 37: 
317–460.

Goldblatt P. 1979. Preliminary cytology of Australasian 
Iridaceae. Ann. Missouri Bot. Gard. 66: 851–855.

Goldblatt P. 1981. Systematics, phylogeny, and evolution in 
Dietes (Iridaceae). Ann. Missouri Bot. Gard. 68: 131–152.

Goldblatt P. 1982. Chromosome cytology in relation to suprage-
neric systematics of Neotropical Iridaceae. Syst. Bot. 7: 
186–198.

Goldblatt P. 1990. Phylogeny and classifi cation of Iridaceae. 
Ann. Missouri Bot. Gard. 77: 607–627.

Goldblatt P. 1993. The woody Iridaceae: Nivenia, Klattia, and 
Witsenia: Systematic biology and evolution. Timber Press, 
Portland, OR.

Goldblatt P. 1998. Reduction of Bamardiella, Galaxia, 
Gynandriris, Hexaglottis, Homeria, and Roggeveldia in 
Moraea (Iridaceae: Irideae). Novon 8: 371–377.

Goldblatt P. 2002. Phylogeny and classifi cation of the Iridaceae 
and the relationships of Iris. Ann. Bot. n.s. (Italy). 1(2): 
13–28.

Goldblatt P and JC Manning. 1989. Chromosome number in 
Walleria (Tecophilaeaceae). Ann. Missouri Bot. Gard. 76: 
925–926.

Goldblatt P and JC Manning. 2006. Radiation of pollination sys-
tems in the Iridaceae of sub-Saharan Africa. Ann. Bot. 97: 
317–344.

Goldblatt P and P Rudall. 1993. Leaf anatomy and systematics 
of the Homeriinae (Iridaceae). Bot. J. Linn. Soc. 111: 
379–397.

Goldblatt P and M Takei. 1997. Chromosome cytology of 
Iridaceae. Patterns of variation, determination of ancestral 
base numbers, and modes of karyotype change. Ann. 
Missouri Bot. Gard. 84: 285–304.

Goldblatt P, JE Henrich, and P Rudall. 1984. Occurrence of 
crystals in Iridaceae and allied families and their phyloge-
netic signifi cance. Ann. Missouri Bot. Gard. 71: 
1013–1020.



Superorder LILIANAE 659

Goldblatt P, P Rudall, VL Cheadle, LJ Dorr, and CA Williams. 
1987. Affi nities of the Madagascan endemic Geosiris, 
Iridaceae or Geosiridaceae. Adansonia 9: 239–248.

Goldblatt P, P Rudall, and JE Henrich. 1990. The genera of the 
Sisyrhinchium alliance (Iridaceae-Iridoideae): Phylogeny 
and relationships. Syst. Bot. 15: 497–510.

Goldblatt P, JC Manning, and A Bari. 1991. Sulcus and opercu-
lum structure in the pollen grains of Iridaceae subfamily 
Iridoideae. Ann. Missouri Bot. Gard. 78: 950–961.

Goldblatt P, JC Manning, and P Rudall. 1998. Iridaceae. In: 
K Kubitzki, ed. The families and genera of vascular plants, 
vol. 3, pp. 295–333. Springer, Berlin/Heidelberg/New York.

Hartwell J, AV Cox, KM Cameron, ER Caddick, and 
MW Chase. 1994. Molecular systematics of the “lower” 
asparagoid lily families. Am. J. Bot. 81(6): 160 (abstract).

Jonker EP. 1939. Les Geosiridacees: Une nouvelle famille de 
Madagascar. Rec. Trav. Bot. Neerl. 36: 473–479.

Kenton A and CA Heywood. 1984. Cytological studies in South 
American Iridaceae. Plant Syst. Evol. 146: 87–104.

Kosenko VN. 1994. Pollen morphology of the families 
Phormiaceae, Blandfordiaceae, and Doryanthaceae. Bot. 
Zhurn. 79(7): 1–12 (in Russian with English summary).

Kubitzki K. 1998. Ixioliriaceae. In: K Kubitzki, ed. The families 
and genera of vascular plants, vol. 3, pp. 334–335. Springer, 
Berlin/Heidelberg/New York.

Lakshmanan KK and VJ Phillip. 1971. A contribution to the embry-
ology of Iridaceae. Proc. Indian Acad. Sci. 73: 110–116.

Larsen PO, ET Sorensen, E Wieczorkowska, and P Goldblatt. 
1981. Meta-carboxy-substituted aromatic amino acids and 
t-glutamyi peptides: chemical characters for classifi cation in 
the Iridaceae. Biochem. Syst. Ecol. 18: 575–579.

Le Thomas A, M Suarez, and P Goldblatt. 2002. Pollen of 
Nivenioideae and its phylogenetic implications. Ann. Bot. 
n.s. (Italy). 1(2): 67–72.

Lewis GJ. 1954. Some aspects of the morphology, phylogeny, 
and taxonomy of the South African Iridaceae. Ann. S. Afr. 
Mus. 40: 15–113.

Manning JC and P Goldblatt. 1991. Systematic and phyloge-
netic signifi cance of the seed coat in the shrubby African 
Iridaceae, Nivenia, Klattia, and Witsenia. Bot. J. Linn. Soc. 
107: 387–404.

Nemirovich-Danchenko EN. 1985. Tecophilaeaceae, 
Cyanastraceae. In: A Takhtajan, ed. Comparative seed anat-
omy, vol. 1, pp. 106–108. Nauka, Leningrad (in Russian).

Newman FV. 1928, 1929. The life history of Doryanthes 
excelsa: I. Some ecological and vegetative features on spore 
production, Proc. Linn. Soc. N. S. W. 53: 499–538. II. The 
gametophytes, seed production, chromosome number, 
and general conclusions. Proc. Linn. Soc. N. S. W. 54: 
411–435.

Nietsch H. 1940. Zur systematischen Stellung von Cyanastrum. 
Oesterr. Bot. Z. 90: 31–52.

Oganezova GG. 1981. Anatomical and morphological study in 
Ixiolirion tataricum ssp. montanum. Bot. Zhurn. 66: 702–
713 (in Russian with English summary).

Oganezova GG. 1997a. The seed structure of some Iridaceae in 
connection with their systematics, geography and phylog-
eny. I. Subfamilies Nivenioideae and Irudoideae. Bot. Zhurn. 
82(2): 14–29 (in Russian with English summary).

Oganezova GG. 1997b. The seed structure of some Iridaceae in 
connection with their systematics, geography and phylog-

eny. II. Subfamily Ixioideae. Bot. Zhurn. 82(3): 7–22 (in 
Russian with English summary).

Ornduff R. 1979. Chromosome numbers in Cyanella 
(Tecophilaeaceae). Ann. Missouri Bot. Gard. 66: 581–583.

Reeves G, MW Chase, P Goldblatt, P Rudall, MF Fay, AV Cox, 
B Lejeune, and T Souza-Chies. 2001. Molecular systematics 
of Iridaceae: evidence from four plastid DNA regions. Am. J. 
Bot. 88: 2074–2087.

Reeves G, P Goldblatt, PJ Rudall, and MW Chase. 2002. 
Molecular systematics of Iridaceae: a combined analysis of 
four plastid DNA sequence matrices. Ann. Bot. n.s. (Italy) 
1(2): 29–42.

Rübsamen-Weustenfeld T, V Muldelka, and U Hamann. 1994. 
Zur Embryologie, Morphologic, und systematischen Stellung 
von Geosiris aphylla Baillon (monocotyledoneae-Geosiri-
daceae /Iridaceae) mit einigen embryologischen Daten zur 
Samenanlage von Isophysis tasmanica (Hook.) T. Moore 
(Iridaceae). Bot. Jahrb. Syst. 115: 475–545.

Rudall P. 1984. Taxonomic and evolutionary implications of rhi-
zome structure and secondary thickening in Iridaceae. Bot. 
Gaz. 145: 524–534.

Rudall P. 1986. Taxonomic signifi cance of leaf anatomy in 
Australasian Iridaceae. Nord. J. Bot. 6: 277–289.

Rudall P. 1991. Leaf anatomy of Tigridieae (Iridaceae). Plant 
Syst. Evol. 175: 1–10.

Rudall P. 1993. Leaf anatomy and systematics of Mariceae 
(Iridaceae). Kew Bull. 48: 151–160.

Rudall P. 1994. Anatomy and systematics of Iridaceae. Bot. 
J. Linn. Soc. 114: 1–21.

Rudall P. 1995. Iridaceae. In: DF Cutler and M Gregory, eds. 
Anatomy of the Monocotyledons, vol. 8. Clarendon, 
Oxford.

Rudall P. 2003. Unique fl oral structures and iterative evolution-
ary themes in Asparagales: Insights from a morphological 
cladistic analysis. Bot. Rev. 68: 488–509.

Rudall P and P Burns. 1989. Leaf anatomy of the woody South 
African Iridaceae. Kew Bull. 44: 525–532.

Rudall P and P Goldblatt. 1991. Leaf anatomy and phylog-
eny of Ixioideae (Iridaceae). Bot. J. Linn. Soc. 106: 
329–345.

Rudall P and P Goldblatt. 1993. Leaf anatomy and systemat-
ics of Homeriinae (Iridaceae). Bot. J. Linn. Soc. 111: 
379–397.

Rudall PJ and P Goldblatt. 2002. Floral anatomy and systematic 
position of Diplarrhena (Iridaceae): a new tribe 
Diplarrheneae. Ann. Bot. n.s. (Italy) 1(2): 59–66.

Rudall P and A Wheeler. 1988. Pollen morphology in Tigriidieae 
(Iridaceae). Kew Bull. 43: 693–701.

Schulze W. 1971. Beiträge zur Pollenmorphologie der Iridaceae 
und ihre Bedeutung für die Taxonomie. Feddes Repert. 82: 
101–124.

Schulze W. 1984. Beitrage zur Taxonomie der Liliifl oren: 11. 
Tecophilaeaceae und Cyanastraceae. (Contributions to the 
taxonomy of the Liliifl orae: 11. Tecophylaeaceae and 
Cyanastraceae.) Wiss. Zeitschr. Friedrich-Schiller Univ. 
Jena, Mat. Naturwiss. Beitr. Phytotax., 32(6): 957–964.

Shneyer VS. 1983. The relationship between Iridaceae s.l. as 
revealed by the serological analysis of seed proteins. Bot. 
Zhurn. 68: 49–54 (in Russian with English summary).

Simpson MG. 1985. Pollen ultrastructure of the Tecophilaeaceae. 
Grana 24: 77–92.



660 Subclass II. LILIIDAE

Simpson MG and P Rudall. 1998. Tecophilaeaceae. In: 
K Kubitzki, ed. The families and genera of vascular plants, 
vol. 3, pp. 429–436. Springer, Berlin/Heidelberg/New York.

Souza-Chies TT, G Bittar, S Nadot, L Carter, E Besin, and 
B Lejeune. 1997. Phylogenetic analysis of Iridaceae with 
parsimony and distance methods using the plastid gene rps4. 
Plant Syst. Evol. 204: 109–123.

Tillich H-J. 1995. Früchte, Samen und Keimpfl anzen bei den 
Cyanastraceae Engler 1900 and einiger vermuteten 
Verwandten. Feddes Repert. 106: 483–493.

Tillich H-J. 2003. Seedling morphology in Iridaceae: indications 
for relationships within the family and to related families. 
Flora 198: 220–242.

Traub HP. 1943. The Ixiolirion tribe. Herbertia 9: 53–59.
Wilson CA. 2003. Phylogenetic relationships in Iris series 

Californicae based on ITS sequences of nuclear ribosomal 
DNA. Syst. Bot. 28: 39–46.

Williams CA, JB Harborne, and P Goldblatt. 1986. Correlations 
between phenolic patterns and tribal classifi cation in the 
family Iridaceae. Phytochemistry 25: 2135–2154.

Zavada MS and G Scott. 1993. Pollen morphology of Cyanella 
species (Tecophilaeaceae). Grana 32: 189–192.

Order 14. AMARYLLIDALES

Perennial or sometimes biennial herbs or secondary 
arborescent plants with rhizomes, bulbs, or corms, or 
occasionally pachycaul trees with leaves in terminal 
rosettes. Roots often contractile, wiry or thick, tuber-
ous or slightly succulent. Calcium oxalate in the form 
of cubes, raphides and sand is widespread. Vessels 
mostly only in roots, with scalariform or simple perfo-
rations. Leaves alternate, spirally arranged or distic-
hous, usually keeled, mostly with sheathing base. 
Stomata usually anomocytic. Flowers small to large, in 
various kinds of infl orescences or solitary, bisexual or 
rarely unisexual, actinomorphic or more or less zygo-
morphic, 3-merous, articulated (Themidaceae, 
Anemarrhenaceae) or more often not articulated. 
Perianth segments six in two usually more or less simi-
lar cycles, free or more or less connate. Stamens six in 
two cycles, or rarely three or two, free or attached to 
the perianth; anthers basifi xed to dorsifi xed, usually 
introrse, tetrasporangiate, mostly opening longitudi-
nally. Tapetum secretory. Microsporogenesis simulta-
neous or successive. Pollen grains 2-celled, mostly 
1-colpate, reticulate or trichotomocolpate. Gynoecium 
of three united carpels; style with 3-lobed, capitate or 
punctiform stigma; ovary superior to inferior, 3-locular 
or less often 1-locular, with one or more often two to 
many ovules per locule, usually with septal nectaries. 

Ovules anatropous or less often campylotropous, usu-
ally bitegmic, crassinucellate or (some Alliaceae, 
Asphodelaceae) tenuinucellate, usually with parietal 
tissue. Female gametophyte mostly of Polygonum-
type. Endosperm helobial or nuclear. Fruits mostly 
loculicidal capsules or sometimes nuts or berries. Seed 
coat formed mainly or only by the outer integument, 
mostly encrusted with phytomelan; embryos of vari-
ous sizes, straight or less often more or less curved; 
endosperm copious or scarce, sometimes (Yucca in 
Agavaceae) substituted by perisperm. Often producing 
anthraquinones, contain steroidal saponins (except 
Amaryllidaceae) and chelidonic acid.

Probably derived from some Melanthiaceae-like 
ancestor.

Key to Families
1 Microsporogenesis simultaneous.

2 Seeds without arils or ariloids.
3 Pollen grains 1-colpate, reticulate.

4 Flowers slightly to strongly zygomorphic, 
large, in one or two double helicoid cymes, 
on short pedicels. Perennial, glabrous herbs 
with short rhizome and often thickened and 
fusiform roots. Vessels only in roots, with 
scalariform perforations. Leaves all basal, 
alternate, distichous, fl at or folded, linear, 
elongate, keeled. Stomata anomocytic. 
Flowers in terminal, scapifl orous cymes, acti-
nomorphic to strongly zygomorphic, 3-mer-
ous. Perianth segments basally connate into a 
narrow tube, often recurved. Stamens slightly 
curved up, making fl owers zygomorphic; fi l-
aments markedly unequal, free of one another, 
long, inserted in perianth tube; anthers dorsi-
fi xed, versatile, often twisted. Gynoecium of 
three carpels; style long, slender, slightly 
curved up, with punctiform, capitate stigma; 
ovary 3-locular, with many anatropous 
ovules per locule. Parietal tissue lacking. 
Endosperm nuclear. Fruits 3-angled, leath-
ery, transversely rugulose, loculicidal cap-
sules. Seeds black, shiny; endosperm 
contains aleurone and lipids; embryo about 
the same size as or smaller than endosperm; 
testa smooth, encrusted with phytomelan. 
Contain kaempferol and quercetis, steroidal 
saponins, and arthroquinones detected; 
n = 11.  . . . . . . . . . 1. hemerocallidaceae.
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4 Flowers actinomorphic. Robust, tufted, 
stemless perennials with short, erect rhizome 
hidden in massive fi brous remains of old 
leaves. Leaves basal, distichous, broadly 
ensiform, unifacial, equitant and isobilater-
ally fl attened, rigid; sheathing base long, 
thick and fl eshy. Infl orescence a terminal, 
brushlike spike, peduncle long, with several 
sheathing bracts. Perianth segments 20 mm 
long, free, more or less equal, at fi rs erect, 
becoming refl exed and twisted and so per-
sisting with the entangled staminal fi laments 
until the capsule opens. Anthers versatile. 
Style cylindric, with narrow stigma; ovary 
stipitate, 3-locular. Constricted above the 
middle, with several ovules per locule. Fruits 
capsules, more or less trigonous, broader 
below than above the equatorial constriction, 
the valves usually widely only in upper part. 
Seeds more or less spiny-papillose. n = 17, 
18.  . . . . . . . . . . . . . . . 3. xeronemataceae.

3 Pollen grains trichotomocolpate, rounded tri-
angular in polar view. Tall, perennial, tufted 
herbs or subshrubs with short, stout rhizome 
and fascicled fi brous roots. Rhizome contains 
wax and leaves contain hemicellulose-like 
polysaccharide (Phormioideae) or wax and 
polysaccharide absent (Dianelloidea). Raphides 
present (Dianelloideae) or absent. Vessels only 
in roots, with simple and scalariform perfora-
tions. Leaves basal, alternate, long, distichous, 
sheathing, linear- ensiform, strongly keeled, 
very tough (with strong bast fi bers). Stomata 
anomocytic. Flowers in tall, terminal panicle, 
bisexual, more or less zygomorphic, articu-
lated just below fl owers. Perianth segments 
connate at base, three inner ones longer. 
Stamens six in two cycles, inserted in the tube 
at base of perianth segments; fi laments fi li-
form, free of one another or (Excremis) basally 
connate into a ring, swollen apically and cov-
ered with nectariferous pappilae (Dianella) or 
with dense, woolly-tomentose beard often 
reduced to a tuft under the anther (Stypandra); 
anthers elongate, basifi xed or dorsifi xed, 
introrse, openings longitudinally or by apical 
pores. Ovary superior or (Pasithea) half-infe-
rior, completely or incompletely 3-locular, 
with numerous anatropous ovules per locule; 

ovules crassinucellate or tenuinucellate 
(Dianella); style declinate, with capitate 
stigma. Endosperm helobial. Fruits long, locu-
licidal or septicidal capsules, rarely (Dianella) 
berries ( sometimes blue). Seeds fl attened, 
almost winged (Phormium), black or brown, 
shining, exotestal cells encrusted with phy-
tomelan; embryo linear, long; endosperm oily; 
n = 8 (karyotype bimodal).   . 2. phormiaceae.

2 Seeds generally with arils or sometimes with 
ariloids. Mostly perennial, rhizomatous, succulent 
or non-succulent herbs, subshrubs, shrubs, or 
arborescent (some of woody forms with trunks up 
to several meters). Roots with velamen, vessels in 
roots with simple perforation. Secondary thicken-
ing absent, or anomalous; xylem without vessels 
or rarely with vessels (with scalariform perfora-
tions). Leaves small to very large, commonly 
basal, alternate, spiral (usually) or distichous, sim-
ple, entire, serrate, or dentate, and often with an 
apical spine. Stomata anomocytic, or tetracytic, or 
rarely paracytic. Flowers in terminal racemes or in 
spikes, actinomorphic or zygomorphic, small to 
large. Perianth segments six in two cycles, sepal-
oid and petaloid, white, to yellow or red, purple 
and brown (not blue or violet). Stamens six, in two 
cycles, free of one another, equal or markedly 
unequal; anthers dorsifi xed. Styles apical; ovary 
superior, ovules 2–40 per locule, hemianatropous, 
anatropous, or nearly orthotropous (in Aloe and 
Asphodelus). Embryo helobial. Fruits loculicidal 
capsules. Seeds winged or wingless; embryo 
straight, endosperm oily; testa usually encrusted 
with phytomelan. Arthroquinones detected; n = 
6–11, mostly n = 7, with four long and three short 
chromosomes.  . . . . . . . . . . . 4. asphodelaceae.

1 Microsporogenesis successive.
5 One ovule per carpel. Pollen spiraperturate. 

Perennial tufted herbs with short sympodial rhi-
zome emitting fi brous roots. Secondary growth 
occurs in rhizome. Vessels only in roots, with 
mostly simple perforations. Leaves reduced to 
long, reddish-brown, scarious radical sheaths 
and only rarely bear a short vestigial lamina. 
Stomata deeply sunken, anomocytic. Flowers in 
small, terminal, condensed, capitate infl ores-
cences, consisting of 1–2(3) fl owers borne 
slightly obliquely, sessile among imbricate hya-
line bracts; each fl ower enclosed by one or two 
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free and fi ve basally connate scales, indicating 
that the infl orescence is very reduced; fl owers 
bisexual, actinomorphic. Perianth segments 
basally connate into a tube. Stamens six in two 
cycles, adnate to the base of perianth; fi laments 
fi liform; anthers dorsifi xed. Pollen grains spirap-
erturate, echinate. Style fi liform, shortly 3-bra-
chiate, with papillate stigmatic surfaces; ovary 
3-locular, with septal nectaries. Ovules anatro-
pous to slightly campylotropous, bitegmic, 
crassinucelate, with parietal cell. Fruits membra-
nous loculicidal capsules. Seeds ovoid, slightly 
fl attened, black, rugulose, with crustaceous testa 
thinly encrusted with phytomelan; embryo linear 
and as long as endosperm; endosperm contains 
aleurone and lipids. Contain fl avonoles, fl a-
vonoids and proanthocyanins and rhizome con-
tains steroidal saponins, saponogen, wax 
alcohols. n = 8.  . . . . . . 15. aphyllanthaceae.

5 Two or more ovules per carpel. Pollen not 
spiraperturate.
6 Stamens usually six in two cycles (3 + 3). 

Xeromorphic arborescent plants with second-
ary growth derived from a secondary thicken-
ing meristem to acaulescent herbs with thick, 
woody, short rhizome. Roots contractile. 
Vessels in roots and leaves, with simple perfo-
rations in roots and scalariform ones in leaves. 
Leaves highly xeromorphic, spirally arranged, 
linear, fi rm, with thickened resiniferous bases 
and may be more than 1 m long, borne in dense 
tufts at the tips of branches. Stomata paracytic. 
Calcium oxalate raphides are widespread. 
Flowers usually small, in complex, dense, 
cylindrical, spikelike, and multifl orous infl o-
rescences, sessile, bisexual, actinomorphic, 
supplied with relatively large bract and bracte-
ole. Perianth segments six in two cycles, per-
sistent, free, segments of the outer cycle 
chartaceous or scarious, those of the inner 
cycle membranous. Stamens six in two cycles, 
free and longer than the perianth; fi laments 
fl attened; anthers elongate, dorsifi xed, open-
ing longitudinally, introrse. Microsporogenesis 
successive. Pollen grains bean-shaped to ellip-
soidal, 1-colpate, reticulate. Gynoecium of 
three united carpels; style long, subulate, 
tapering into 3-lobed or capitate to punctiform 
stigma; ovary superior, 3-locular, with several 
anatropous ovules per locule. Septal nectaries 

well developed. Ovules bitegmic, markedly 
crassinucellate, with parietal cell. Endosperm 
nuclear. Fruits woody or cartilaginous loculi-
cidal capsules with one or two seeds per loc-
ule. Seeds fl attened, black, testa with thick 
phytomelan crust; embryo fusiform, more or 
less curved; endosperm store aleurone and lip-
ids. Stem and leaf bases produce copious 
acaroid resin which contains a major part of 
polymerized derivatives of cinnamic acids, 
n = 11. . . . . . . . . . . . 5. xanthorrhoeaceae.

6 Stamens three in one cycle. Perennial, shortly 
rhizomatous herbs with thickened roots and 
short erect stems. Vessels with simple perfora-
tions occur in roots. Leaves alternate, basal, 
numerous, simple, entire, linear and grasslike, 
few-nerved and whit slightly sheathing bases. 
Stomata anomocytic. Infl orescences terminal, 
erect, pedunculate, leafy, bracteate, spike-like 
panicles. Flowers bisexual, small, greenish-
white to brownish-purple, the pedicel is artic-
ulated. Perianth segments six, in two similar 
cycle, persistent; tepals free, connivent basally 
into a short tube with linear, spreading limbs. 
Stamens three, attached to the inner tepals; 
fi laments free, short, fl at; anthers linear, bas-
ifi xed, introrse, dehiscent longitudinally. 
Pollen grains 2-celled, sulcate. Septal necta-
ries present. Gynoecium of three carpels; style 
short, fi liform, stigma small, capitate; ovary 
superior, 3-locular, with two ovules per loc-
ule. Fruits loculicidal capsules. Seeds black, 
spindle-shaped, carinate; testa thick, phy-
tomelan encrusted; embryo large, cylindric, 
strongly curved; endosperm fl eshy. Contain 
saponins and the xanthone C-glycoside 
(Henauer 1863, Sato et al. 1994); n = 11.
  . . . . . . . . . . . . . . . . . 7. anemarrhenaceae.
7 Infl orescence simple or compound raceme, 

spike, panicle or thyrse.
8 Capsule septicidal, anthers basifi xed. 

Perennials with usually tuberous rhizome 
and erect or climbing stems armed with 
prickles, sometimes stemless. Calcium 
oxalate raphides present in all parts of the 
plant. The stem of some species of 
Herreria have secondary thickening. 
Vessels only in roots, with scalariform 
perforations. Leaves in lateral or basal 
clusters, linear to lanceolate, sessile, 
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somewhat coriaceous, rather rigid, phyl-
loclades, with closed parallel venation. 
Stomata anomocytic. Flowers small, in 
slender axillary racemes or panicles, 
bisexual, actinomorphic, with articulated 
pedicel. Perianth segments six in two 
cycled, free, all similar, spreading; in 
Herreriopsis saccate nectaries present at 
the base of perianth segments. Stamens 
six in two cycles, free, inserted at the base 
of perianth segments. Pollen grains 1-col-
pate. Gynoecium of three united carpels. 
Ovary superior, 3-locular, with intrusive 
placentas and septal nectaries (Herreria); 
style short to elongate, with 3-lobed 
stigma. Ovules many (Herreriopsis) or 
3–6 (Herreria) per locule,  anatropous. 
Seeds black, fl attened, with thin, membra-
nous wing all around; testa multilayered, 
exotestal cells encrusted with phytomelan; 
tegmen collapsed, represented by thin 
membrane; endosperm copious, contain-
ing aleurones and lipids, but lacking 
starch; embryo small, nearly straight. 
Saponines are present. n = 27, karyotype 
bimodal, with one large and 26 small 
chromosomes. . . . . . . 14. herreriaceae.

8 Capsule loculicidal, anthers dorsifi xed.
9 Sympodial perennials, often with thick-

ened roots, fl owers often articulated. 
Perennial herbs with short, often verti-
cal rhizomes, and fi brous, fl eshy or 
tuberous roots, rarely (Chlorophytum 
suffruticosum) with a woody stems. 
Stems erect or climbing. Calcium 
oxalate raphides present. Vessels in 
roots with scalariform or simple perfo-
rations, sometimes in the aerial stem 
and leaves (Arthropodium) with simple 
or scalariform perforations. Leaves 
alternate, spirally arranged, sessile or 
pseudopetiolate, sheathing at base, lin-
ear, linear-lanceolate to broadly ovate, 
sometimes (Laxmannia and Sowerbaea) 
with short ligul-like projection above 
the sheath, sometimes much reduced 
(in some Australian genera – Watson 
and Dallwitz, 2006), mucilaginous or 
not mucilaginous. Stomata anomocytic. 
Flowers in various kinds of infl ores-

cences, usually pedicellate, subtended 
by single to numerous bracts, not artic-
ulated or articulated along the pedicels, 
bisexual, actinomorphic or zygomor-
phic. Perianth segment of six in two 
more or less similar cycles, petaloid, 
membranous, scarious or papery, often 
with fi mbriate margins, persistent, free 
or connate. Stamens six or less often 
three, all fertile or three staminodial; 
fi laments free or (Echeandia) basally 
connate; anthers basifi xed or dorsifi xed, 
dehiscing longitudinally or by apical 
pores, introrse or rarely latrorse or 
extrorse. Pollen grains 2-celled, 1-col-
pate or rarely trichotomocolpate or tet-
rachotomocolpate. Septal nectaries 
present. Gynoecium of three carpels, 
sessile or (Chlorophytum) stipitate. 
Style fi liform, rarely (Tricoryne) 
gynobasic, with small, capitate or 2–3-
lobed stigma; ovary superior, 3-locular; 
ovules single to numerous per locule. 
Fruits loculicidal or septicidal capsules, 
nuts or schizocarps (Tricoryne). Seeds 
testal, sometimes arillate, endosperm 
fl eshy, embryo  cylindric, straight to 
curved inwards; testa encrusted with 
phytomelan. Chelidonic acid, saponins/
sapo genins present; n = 6–8, 10, 11, 
13–15, 19, 33.  . . . .6. anthericaceae.

9 Plants rosulate – herbs, shrubs or arbo-
rescent (often ‘rosette trees’), fl owers 
not articulated. Large, usually rhizom-
atous, often woody, or even arbores-
cent plants that may have stout trunk; 
secondary growth absent, or anoma-
lous (Agave, Yucca, Furcraea). Vessels 
only in roots, with scalariform or sim-
ple perforations. Leaves usually in 
rosettes, often basal, more or less 
thickened, lanceolate, linear, or subu-
late. Stomata of various types, gener-
ally deeply sunken. Flowers mostly in 
complex, much branched panicle, the 
lateral components of which consist of 
monochasia, or in racemes or spikes, 
mostly bisexual, actinomorphic or 
slightly zygomorphic, bracteate. 
Perianth segments free or more or less 
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connate into a tube. Stamens three or 
six, inserted at the base of perianth 
segments or in perianth tube; fi laments 
fi liform, inserted in perianth throat; 
anthers usually epipeltate, dorsifi xed, 
unappendaged. Microsporogenesis 
successive. Pollen grains 1(2)-colpate, 
reticulate, in Agave occasionally in 
tetrads. Style short or rather long, with 
3-lobate, capitate, or punctiform 
stigma; ovary superior to inferior, 
3-locular, with several to many anat-
ropous ovules per locule. Female 
gametophyte of Polygonum-type. 
Endosperm helobial or (as in Furcraea 
and some species of Agave) nuclear. 
Fruits loculicidal or sometimes septi-
cidal (Yucca sect. Chaenocarpa) cap-
sules, or indehiscent and dry, or 
baccate. Seeds often more or less com-
pressed, sometimes with narrow wing, 
black. Epidermis of testa with thin 
crust of phytomelan; embryo small, 
cylindrical, surrounded by fl eshy 
endosperm containing aleurone and 
fatty oils. Rich in steroidal saponins 
and also contains chelidonic acid; 
contain kaempferol. Crystal raphides 
lacking. n = 30, with fi ve long chro-
mosomes.  . . . . . . . . . . 9. agavaceae.

7 Infl orescence usually represents one or 
more contracted helicoid cymes, rarely (as 
in Milula) spikelike, subtended by involu-
cre of (1) 2 or more membranous or scare-
ous spathial bracts, free or basally united. 
Rootstock tuberous, erect rhizome.
10 Ovary inferior. Perennial herbs with 

tunicated bulbs with thick, fl eshy scales, 
or rarely with a rhizome (as in Scadoxus 
and Clivia). Roots contractile. Vessels 
only in roots, with scalariform perfora-
tions. Leaves basally concentrated, lin-
ear to mostly orbicular, sheathing at the 
base, parallel-veined, with mucilage 
cells or elongate sacs with raphides. 
Stomata anomocytic. Infl orescence 
umbel-like, consists of one to several 
helicoid cymes with suppressed axes 
and subtended by 2–8 (rarely one) usu-

ally membranous bracts that are free or 
basally connate. Flowers usually large, 
 bisexual, actinomorphic to slightly (very 
rarely strongly) zygomorphic, 3-merous. 
Perianth segments six, in two generally 
similar cycles, free or more or less con-
nate, sometimes (as in Narcissus) with 
corona (“paracorolla”). Stamens six in 
two cycles (rarely three in Zephira and 
up to 18 in Gethyllis); fi laments free or 
basally connate, inserted at the base of 
perianth segments or in the tube; anthers 
tetrasporangiate, generally elongate, 
epipeltate or sometimes basifi xed, open-
ing longitudinally or rarely (Galantheae) 
by apical pores. Tapetum secretory or 
(species of Galanthus) plasmodial. 
Pollen grains 2-celled, 1-colpate or less 
often (Amaryllideae) 2-colpate. 
Gynoecium of three united carpels; style 
slender, with punctiform, capitate, or 
3-lobed stigma; ovary 3-locular, with 
several to many ovules per locule. 
Nectaries septal or (Galantheae) perigo-
nal (secreted from the distal part of the 
inner perianth segments). Ovules anat-
ropous or hemitropous, bitegmic or 
rarely (Amaryllis and Nerine) unitegmic 
or (Crinum) ategmic, crassinucellate or 
rarely (Crinum, Narcissus, Zephyranthes) 
tenuinucellate, mostly with parietal cell. 
Female gametophyte of Polygonum-
type, rarely of Adoxa-type. Endosperm 
helobial or less often (Galantheae and 
Narcisseae) nuclear, in Crinum and 
related genera and in Eucharideae both 
types of endosperm development occur. 
Fruits loculicidal capsules or baccate. 
Seeds of various sizes, shapes, and 
colours, glabrous, usually shiny, some-
times with elaiosomes; testa consists of 
several cell layers, and usually its outer 
layers are incrusted with phytomelan, 
which is sometimes lacking (Dahlgren 
et al. 1985); tegmen is collapsed into a 
thin fi lm; endosperm copious, fl eshy, or 
rarely bony, contains aleurone and fatty 
oils, sometimes also hemicellulose 
stored in the cell walls, and often small 
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quantities of starch (more abundant at 
the early stages of development); embryo 
straight or slightly curved, generally 
more than half as long as the endosperm. 
Steroidal saponins lacking, but various 
particular alkaloids as well as chelidonic 
acid and norbelladine alkaloids are 
widely distributed. n = 5–15, 23, 27, 29, 
mostly 11.. . . . . .13. amaryllidaceae.

10 Ovary superior. Plants rhizomatous. 
Roots fl eshy, provided with a multiple 
velamen. Laticifers present. Vessels only 
in roots, mostly with scalariform perfora-
tions. Calcium oxalate raphides present. 
Leaves rosulate, distichous, linear, sheat-
ing at base. Flowers in a pseudo-umbel 
subtended by two involucral spathial 
bract, bisexual, zygomorphic, pedicels 
subtended by threadlike bracts. Perianth 
segments subequal, basally more or less 
connate; corona lacking. Stamens 
inserted on the perianth tube; fi laments of 
unequal length, declinate; anthers dorsi-
fi xed. Pollen grains 1-colpate, reticulate. 
Style slender, hollow, declinate, with 
punctiform stigma; ovary 3-locular, with 
inner septal nectaries. Ovules numerous, 
campylotropous, crassinucellate. Parietal 
cell present. Fruits loculicidal capsules. 
Seeds black, angulate, elongated, winged; 
endosperm stores aleurone, lipids and 
reserve cellulose; embryo well devel-
oped, 4/5 of the length of endosperm 
Various  steroidal saponins present. n = 
15, rarely 16.   . . . 11. agapanthaceae.
11 Infl orescences monopodial racemes 

or spike. Rootstock mostly a bulb. 
Perennial herbs with bulbs or rarely 
(Schoenolirion and Chlorogalum) 
rhizomes; bulbs generally with mem-
branous tunic and free or coalescent 
scales. Roots sometimes thick and 
commonly contractile. Vessels only 
in roots, with scalariform and/or sim-
ple perforations. Leaves concentrated 
at the base, linear to lanceolate, rarely 
elliptic to orbicular, sessile, sheathing 
at base. Infl orescences monopodial 
raceme or spike. Flowers not articu-

lated, generally bisexual, actinomor-
phic or rarely zygomorphic. Perianth 
segments free or more often connate. 
Stamens six in two cycles, with some-
times one sterile cycle; fi laments 
inserted at base of perianth segments 
or on the perianth tube; often broad 
and fl at; sometimes connate at the 
base, rarely forming a paracorolla; 
anthers epipeltate. Pollen grains, 
1-colpate. Style simple, with puncti-
form or sometimes distinctly 3-lobed 
stigma; ovary superior or rarely 
(Bowiea) semi- inferior, 3-locular, 
with septal nectaries (except for 
Autonoe), with two to numerous ana-
tropous or campylotropous ovules 
per locule. Female gametophyte of 
various types, but mostly of 
Polygonum-type. Endosperm helo-
bial or nuclear. Fruits loculicidal cap-
sules. Seeds small to large, ovoid to 
obovate, with elaiosomes; outer epi-
dermis of the testa consists of several 
layers and usually has thick to rather 
thin phytomelan crust (absent in 
Chionodoxa, Pushkinia, and a few 
species of Scilla, where outer epider-
mis collapses); inner integument 
forms thin membrane; endosperm 
usually copious, consists of pitted 
cells and contains aleurone and fatty 
oils and very rarely starch grains; 
embryo more or less cylindrical, usu-
ally straight. Crystal raphides con-
tained in mucilage cells or canals are 
widely distributed. Producing steroi-
dal saponins, chelidonic acid, poly-
hydroxyalkaloids, fl avones, fl avone 
C-glycosides. n = 2–15, 17, 19, 21, 
27, 29. . . . . . . . . 8. hyacinthaceae.

11 Infl orescences contracted cymes, 
rarely spikelike or umbellate.
12 Rootstock a bulb. Leaves spiral. 

Corona present. Alliaceous odour 
usually present. Rootstock bulbs 
or bulb-like corms with membra-
nous or fi brous scales, more rarely 
rhizome. Articulated laticifers 
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present in leaves and bulb scales. 
Vessels only in roots, with scalari-
form or/and simple perforations. 
Leaves basally concentrated, fi li-
form-linear, lanceolate or rarely 
ovate, sheathing at base, rarely 
constricted into a pseudo petiole. 
Flowers usually in one or more 
contracted cymes, rarely (as in 
Milula) spikelike, subtended by 
involucre of (1) 2 or more mem-
branous spathial bracts, free or 
basally united, generally bisex-
ual, actinomorphic or zygomor-
phic, not articulated. Perianth 
segments free or often connate. 
Functional stamens six or some-
times three or two with several 
staminodia; fi laments inserted at 
the base of perianth segments or 
in perianth tube, more or less 
fl at; anthers mostly elongate, 
epipeltate. Pollen grains, 1-col-
pate. Style simple, with 3-lobed 
or capitate stigma; ovary superior, 
3-locular, with two to several ana-
tropous, hemitropous, or campy-
lotropous, crassinucellate (as in 
Milula) or tenuinucellate (as in 
Allium, Nothoscordum, 
Tulbaghia) ovules. Septal necta-
ries present. Female gametophyte 
of Polygonum- or Allium-type. 
Endosperm helobial. Fruits locu-
licidal capsules. Seeds of various 
sizes and shapes, with testal epi-
dermis usually covered by rather 
thick crust of phytomelan and 
inner layers of testa compressed 
or collapsed, as is the tegmen; 
endosperm cells with rather thick 
and pitted walls and contain aleu-
rone and fatty oils; embryo 
straight or more or less curved 
and usually more than half the 
length of endosperm. Contain fl a-
vonoids, steroidal saponins and 
strong-smelling allyl disulfi des, 
propyl sulfi des and vinyl sulfi des 

that participate in essential oils 
causing the onion odour. n = 5–16.
  . . . . . . . . . . . . . 12. alliaceae.

12 Rootstock a starch-storing corm; 
a new corm is forming every year 
on top of the corm of the previous 
year. Lacticifers present. Calcium 
oxalate raphides present or absent. 
Vessels with scalariform and sim-
ple perforations. Leaves spirally 
arranged, linear, fl at, forming 
closed sheath. Flowers in umbel-
late infl orescence, rarely reduced 
to single fl ower; pedicels often 
articulated, subtended by a small 
bract (two bracts when fl ower is 
solitary). Perianth segments usu-
ally more or less basally connate. 
A corona, scales or appendices 
often present between perianth 
segments and stamens. Fertile 
stamens three, the missing ones 
often transformed into stamino-
dia; anthers more or less bas-
ifi xed, introrse. Pollen grains 
1-colpate, reticulate. Style with 
3-lobed or capitate stigma; ovary 
sometimes on a gynophore, 3-loc-
ular, with two or several anatro-
pous ovules per locule. Endosperm 
helobial (Muilla and Triteleia) or 
nuclear (Brodiaea). Fruits loculi-
cidal capsules. Seeds angular; 
epidermis of testa with a crust of 
phytomelan; embryo short and 
thick; endosperm copious, con-
taining aleurone and lipids. 
Alliaceous odour lacking. 
Steroidal saponins present or 
absent. n = 5–12, 14, 15, 21, 25, 
27.. . . . . . . . . 10. themidaceae.

1. HEMEROCALLIDACEAE

R. Brown 1810. 1/ about 15. Central Europe (1) to 
Japan and China, mainly in China.

Hemerocallis.
The least advanced member of the order.
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2. PHORMIACEAE

J. Agardh 1858. (including Dianellaceae R.A. Salisbury 
1866). 10/30–35. Mediterranean (Simethis) Mada gascar, 
Mascarenes, Seychelles, tropical East Africa, southern, 
eastern and southeastern Asia, Malesia, Hawaii, South 
Pacifi c Islands, Fiji, New Caledonia, New Zealand, 
Australia, Chile (Pasithea), and one monotypic genus 
Excremis in Andes of Ecuador, Colombia and Peru; 
Phormium – New Zealand (N and S Isl., Stewart Isl., 
Chatham Isl., Auckland Isl.) and Norfolk Island.

2.1 PHORMIOIDEAE
Rhizome contains wax and leaves contain 
 hemicellulose-like polysaccharide. Raphides absent. 
Seeds winged. Proanthocyanidins absent. – Phormium.

2.2 DIANELLOIDEAE
Wax in rhizome and hemicellulose-like poly-saccha-
rides in leaves absent. Raphides present Seeds wingless. 
Proanthocyanidins present (Dianella). – Agrostocrinum, 
Pasithea, Herpolirion, Thelionema, Simethis, Stypandra, 
Rhuacophila, Dianella, Excremis.

Related to the Hemerocallidaceae.

3. XERONEMATACEAE

M.W. Chase, Rudall and Fay, 2000. 1/2. New Caledonia, 
New Zealand.

Xeronema.
Possibly related to the Phormiaceae.

4. ASPHODELACEAE

A.L. de Jussieu 1789 (including Aloaceae Batsch 
1802). 15/1000. Temperate, subtropical regions of the 
Old World, Alooideae – Africa (especially South 
Africa), Madagascar, Mascarenes, Arabia.

4.1 ASPHODELOIDEAE
Leaves generally not conspicuously succulent. Stomata 
generally anomocytic. Vessels with scalariform perfora-
tions, only occasionally present in the stem (species of 
Asphodelus). Typical caps of aloine cells are not formed 
at the phloem poles of the vascular bundles of leaves. 
Herbaceous plants. n = 6–11 – asphodeleae: Eremurus, 
Asphodelus, Asphodeline, Bulbine, Bulbinella, Jodrellia, 
Trachyandra, Paradisea;  kniphofieae: Kniphofi a.

4.2 ALOOIDEAE
Leaves more or less strongly succulent, often prickly 
along the margins. Stomata mostly sunken, more or 
less distinctly tetracytic. Large cap of aloine cells 
present at the phloem pole of most vascular bundles 
of leaves. Sparsely branched trees up to several meters 
tall to small rosette herbs, n mostly = 7, with four 
long and three short chromosomes. – Aloe, Poellnitzia, 
Lomatophyllum, Gasteria, Haworthia, Chortolirion.

5. XANTHORRHOEACEAE

Dumortier 1829. 1/30. Australia and Tasmania.
Xanthorroea.

6. ANTHERICACEAE

J. Agardh 1858 (including Boryaceae Rudall, Chase et 
Conran 1997; Johnsoniaceae Lotsy 1911; 
Laxmanniaceae Bubani 1902). 27/c.350. Africa, 
Madagascar, Mascarenes, Eurasia, Malesia, Australia, 
Pacifi c Islands, North, Central and South America. 
The largest genera is Chlorophytum (about 300).

anthericieae: Anthericum, Comospermum, 
Chlorophytum, Dichopogon, Hagenbachia, Diamena, 
Diora, Eremocrinum, Leucocrinum, Echeandia; john-
sonieae: Tricoryne, Hodgsoniola, Caesia, Corynotheca, 
Arnocrinum, Hensmania, Johnsonia, Stawellia; lax-
mannieae: Arthropodium, Murchisonia, Thysanotus, 
Trichopetalum, Laxmannia, Sowerbaea, Chamaescilla; 
boryeae: Alania, Borya.

7. ANEMARRHENACEAE

Conran, MW Chase and Rudall 1997. 1/65. Northern 
China and Korea.

Anemarrhena

8. HYACINTHACEAE

Batsch ex Borkhausen 1797 (Eucomidaceae Salisbury 
1866; Lachenaliaceae Salisbury 1866; Ornithogalaceae 
Salisbury 1866; Scillaceae Vest 1818). 67/800–1000. 
Very widely distributed in both hemispheres, but espe-
cially diversifi ed in South Africa, Mediterranean, and 
Irano-Turanian region.
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8.1 OZIROËOIDEAE
Bulb leaves imbricate, mucilaginous. Foliage leaves 
few, thick and grooved. Scape with prominent bracts, 
1–2(-3) fl owered. Pedicels straight, pointing obliquely 
upwards. Stamens basally connate and adnate to the 
corolla. Seeds rounded; embryo as long as seed; 
n = 15, 17. – Oziroë.

8.2 ORNITHOGALOIDEAE
Bulb leaves usually lasting only 1–2 vegetation peri-
ods. Bracts large, prophylls lacking. Stamens three; 
fi laments fl at, often appendaged. Seeds often com-
pressed and edged, ridged, or carinate. Cardenolides 
partly present; n = 2–10. – dipcadieae: Stellarioides, 
Coilonox, Pseudogaltonia, Dipcadi, Galtonia, 
Zahariadia, Melomphis, Cathissa, Eliokarmos, 
Loncomelos, Honorius; ornithogaleae: Ornitho-
galum, Albuca.

8.3 URGINEOIDEAE
Bulb leaves usually imbricate. Scapes usually solitary, 
bracts spurred. Filaments not appendaged. Seeds 
 fl attened, sometimes winged; testa brittle, not tightly 
adherent to endosperm. Bufodienolids present; n = 6, 
7, 10. – Bowiea, Schizobasis, Igidia, Urgineopsis, 
Rhadamanthus, Litanthus, Rhadamanthopsis, 
Thuranthos, Tenicroa (including Sypharissa), Drimia 
Urginea.

8.4 HYACINTHOIDEAE
Bulb leaves lasting 2–3 vegetation periods. Bracts usually 
small, rarely large or lacking. Prophylls present or 
absent. Seeds globose, drop-shaped or ellipsoid; 
elaiosomes formed from various parts of the testa; 
nucleus lacking protein crystals. Homoisofl avones 
present; n = 4–10. – pseudoprospereae: 
Pseudoprospero; massonieae: Ledebouria, Resnova, 
Drimiopsis, Lachenalia, Veltheimia, Eucomis, 
Massonia, Namophila, Whiteheadia, Periboea, Polyxena, 
Androsiphon, Amphisiphon, Neobakeria, Daubenya; 
hyacintheae: Hyacinthus, Merwilla, Schizocarpus, 
Fortunatia, Barnardia, Oncostema, Hyacynthoides, 
Chionodoxa, Puschkinia, Hyacinthella, Brimeura, 
Tractema, Alrawia, Prospero, Othocallis, Pfosseria, 
Nectaroscilla, Bellevalia, Muscari, Muscarimia, 
Leopoldia, Pseudomuscari, Scilla, Rhodocodon, 
Daubenya, Neopatersonia.
Close related to the Anthericaceae and Agavaceae.

9. AGAVACEAE

Dumortier 1829 (including Chlorogalaceae Doweld et 
Reveal 2005; Funkiaceae Horaninow 1834; 
Hesperocallidaceae Traub 1972; Hostaceae Mathew 
1988; Yuccaceae J. Agardh 1858). 15/300. Tropical 
and subtropical regions of America and West Indies, 
concentrated mostly in Mexico and southwestern and 
southern United States; primarily in dry areas.

9.1 CHLOROGALOIDEAE
Bulb leaves usually present, short-lived; scale and foli-
age leaves with little mucilage. Ovary superior, with 
septal nectaries; nectar ducts tubular or covered by 
hairs. – Schoenolirion, Hastingsia, Camassia, 
Chlorogalum.

9.2 YUCCOIDEAE
Caespitose or abrorescent plants. Ovary superior. – 
Yucca, Hesperaloe.

9.3 AGAVOIDEAE
Ovary inferior. – Agave, Beschorneria, Furcraea, 
Littaea, Manfreda, Polianthes, Prochnyanthes.

9.4 HESPEROCALLIDOIDEAE
Rootstock bulbous (Hesperocallis) or not bulbous 
(Hosta). Ovary superior. – Hosta. Hesperocallis.

10. THEMIDACEAE

R.A. Salisbury 1866. 12/60. Southwestern Canada, 
western United States and Mexico, with one species of 
Milla reaching Guatemala.

Muilla, Bloomeria, Dandya, Milla, Bessera, 
Petronymphe, Triteleia, Jaimehintona, Triteleiopsis, 
Brodiaea (Themis), Dichelostemma, Androstephium.

Related to the Hyacinthaceae and Alliaceae.

11. AGAPANTHACEAE

Voigt 1850. 1/9. South Africa from the Cape Peninsula 
to the south of Limpopo River.

Agapanthus.
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12. ALLIACEAE

Borkhausen 1797 (including Cepaceae Salisbury 1866; 
Gilliesiaceae Lindley 1826; Milulaceae Traub 1972; 
Tulbaghiaceae Salisbury 1866). 18/650. Widely dis-
tributed in both hemispheres except for tropical 
regions, Australia, and New Zealand.

12.1 TULBAGHIOIDEAE
Plant often rhizomatous or bulb with thick roots and 
alliaceous smell; rhizomes or bulb containing starch. 
The closed sheaths at base of leaves very short. Flowers 
bracteate, in umbellate infl orescences. Perianth seg-
ments strongly connate, corona massive, lobes connate 
or not. Embryo straight or slightly curved, phytomelan 
crust rather thin; n = 6. – Tulbaghia.

12.2 ALLIOIDEAE
Mostly with tunicated bulbs and with alliaceous odour; 
bulbs lacking starch. Leaves more or less unifacial. 
Corolla basally connate, without corona. Stamens both 
basally connate and adnate to the corolla, often with 
winged fi laments. Embryo curved; n = (7) 8 (9).
Allium, Caloscordum, Nectaroscordum, Milula, 
Nothoscordum, Ipheion, Tristagma, Garaventia.

12.3 GILLIESIOIDEAE
Corona absent or of small scales. Stamens 2–3, vari-
ously connate and adnate; staminodes present. Embryo 
short; n = 6, 7, 9–10, 12. Schickendantziella, Speea, 
Leucocoryne, Latace, Miersia, Gilliesia, Solaria 
(including Ancrumia, Gethyum), Erinna, Trichlora.

Close to the Hyacinthaceae. According to Dahlgren 
et al. (1985), most of characters found in Alliaceae are 
found in the Hyacinthaceae although its infl orescence 
is racemose and a parietal cell is cut off in the nucellus, 
a condition rare in Alliaceae.

13. AMARYLLIDACEAE

J. Saint-Hilaire 1805 (incluing Brunsvigiaceae 
Horaninow 1834; Crinaceae Vest 1818; Cyrtanthaceae 
Salisbury 1866; Galanthaceae G. Meyer 1836; 
Gethyllidaceae Rafi nesque 1838; Haemanthaceae 
Salisbury 1866; Leucojaceae Batsch ex Borkhausen 
1797; Narcissaceae A.L. de Jussieu 1789; Oporantha-
ceae Salisbury 1866; Pancratiaceae Horaninow 1847; 
Strumariaceae Salisbury 1866; Zephyranthaceae 

Salisbury 1866). 61/850. Tropics and subtropics, 
 especially America, Mediterranean, and Africa.

Classifi cation after A.W. Meerow and D.A. Snijman 
(1998) and A.W. Meerow et al. (2000, 2002).

amaryllideae: Amaryllis, Boophone, Crinum, 
Ammocharis, Cybistetes, Crossyne, Strumaria 
(including Bokkeveldia, Gemmaria and Tedingea), 
Carpolyza, Nerine, Hessea, Namaquanula, 
Brunsvigia; cyrtantheae: Cyrtanthus; hae-
mantheae: Clivia, Cryptostephanus, Scadoxus, 
Haemanthus; calostemmateae: Calostemma, 
Proiphys; gethyllideae: Apodolirion, Gethyllis; 
lycori deae: Lycoris, Ungernia; pancratieae: 
Pancratium (including Chapmanolirion); narcis-
seae: Narcissus, Braxireon, Sternbergia; gal-
antheae: Galanthus, Leucojum, Vagaria, Lapiedra, 
Hannonia; hippeastreae: Hippeastrum, Worsleya, 
Griffi nia, Rhodophiala, Zephyranthes (including 
Cooperia), Habranthus, Sprekelia, Pyrolirion, 
Placea, Traubia, Phycella; eucharideae: Eucharis, 
Caliphruria, Plagiolirion, Urceolina; hymenocal-
lideae: Hymenocallis, Leptochiton, Pamianthe, 
Ismene; stenomesseae: Stenomesson, Phaedranassa, 
Rauhia, Eucrosia, Mathieua; clinantheae: 
Pseudostenomesson, Paramongaia, Pucara; euste-
phieae: Chlidanthus, Castellanoa, Eustephia, 
Hieronymiella.

Related to the Alliaceae and differing from them 
mainly in their inferior ovary. Although they differ 
from the Alliaceae also in their unique alkaloids and 
in not containing steroidal saponins, Amaryllidaceae 
contain the same kind of mannose-specifi c lectins, 
which have similar molecular structures, agglutina-
tion properties, and amino acid composition and are 
serologically identical (Van Damme et al. 1991). The 
monophyly of Alliaceae and Amaryllidaceae is sup-
ported by rbcL sequences (Fay et al. 1994). It is inter-
esting to note that in Amaryllidaceae plastids form are 
P2c, except Rauhia and Worsleya, which contain 
form-P2cf.

14. HERRERIACEAE

Endlicher 1841. 3/12. Temperate and subtropical 
South America (Herreria, Clara) and Madagascar 
(Herreriopsis).

Herreria, Clara, Herreriopsis.
Probably related to the Agavaceae.
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15. APHYLLANTHACEAE

Burnett 1835. 1/1. Western Mediterranean.
Aphyllanthes
A wide variety of families have been proposed 

for this taxonomically rather isolated taxon, inclu-
ding Eriocaulaceae, Xanthorrhoeaceae, Liliaceae-
Asphodeloideae, and Anthericaceae. Aphyllanthes 
shares a number of features with the Anthericaceae 
(including septal nectaries, helobial endosperm, seeds 
with phytomelan, and steroidal saponins).

Affi nity is not clear, but probably belong to the 
Amaryllidales.
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Order 15. ASPARAGALES

Perennial rhizomatous or tuberous (Eriospermaceae 
and some Asparagaceae) herbs or less often secondary 
arborescent plants often with extensive secondary 
thickening growth. Oxalate raphides generally present. 
Vessels only in roots or also in leaves and/or stem with 
scalariform and/or simple perforations. Leaves both 
basal and cauline or only basal, sessile or sometimes 
petiolate, alternate, occasionally distichous or tristic-
hous, linear to ovate or cordate or reduced and scale-
like, usually parallel-veined, often scleromorphic or 
succulent. Stomata anomocytic or less often paracytic 
or tetracytic. Flowers in various kinds of infl orescences, 
sometimes solitary, bisexual or less often unisexual, 
generally actinomorphic, usually 3-merous. Perianth 
usually of six segments in two cycles, similar or less 
often dissimilar, free or more or less connate. Stamens 
usually six, rarely four or eight, in two cycles; fi laments 
linear, inserted at the base of perianth segments or the 
perianth tube, free from each other or connate into a 
column (Ruscaceae) or only basally (Peliosanthes); 
anthers tetrasporangiate, ovate to elongate, basifi xed or 
dorsifi xed, introrse or extrorse, opening longitudinally. 
Tapetum secretory. Microsporogenesis successive. 
Pollen grains 2-celled or rarely 3-celled, 1-colpate, 
rarely inaperturate. Gynoecium of three united carpels; 
style short or long, with 3-lobed, capitate or puncti-
form stigma; ovary superior or sometimes  semi-inferior 
or inferior, 3-locular to less often 1-locular, rarely 
(some Convallariaceae) 4-or 2-locular, with 1–2 to 
many ovules per carpel. Septal nectaries mostly pres-
ent. Ovules anatropous, hemitropous, campylotropous, 
or sometimes orthotropous, bitegmic, crassinucellate 
or tenuinucellate, mostly with a parietal cell. Female 
gametophyte of Polygonum-type or sometimes of 
Allium-type. Endosperm helobial or nuclear. Fruits 
capsular, baccate, or dry and indehiscent. Seeds of 
various sizes, shapes, and colours, with or without 
phytomelan; seed coat formed mainly by the outer 
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integument; embryo small to large, straight to curved; 
endosperm storing aleurone, starch, and lipids. Usually 
produce chelidonic acid steroidal saponins. Alkaloids 
lacking.

Probably derived from some Colchicaceae – 
Uvularioideae-like ancestor.

Key to Families
1 Leaves well developed.

2 Ovules 2–4(-6) per carpel.
3 Plants not woody. Rhizomatous or tuberous 

herbs with fi brous or sometimes swollen and 
fl eshy roots. Calcium oxalate raphides present. 
Vessels mainly in roots, with scalariform or 
reticulately perforated and scalariform perfo-
rations, and rarely in stems with scaraliform 
perforations. Leaves basal or cauline, alternate, 
opposite or verticillate, sessile or sometimes 
petiolate, simple, entire, linear, lanceolate, 
oblong, or ovate, sometimes cordate, sheathing 
or not sheathing. Stomata anomocytic. Flowers 
in terminal or axillary racemes, spikes, pani-
cles, or fl owers solitary, axillary, bisexual, 
actinomorphic, mostly 3-merous. Perianth seg-
ments six or four, rarely six or nine, free or 
more often connate into an urceolate or cam-
panulate tube. Stamens six or rarely 4 or 8, 10, 
12, in two cycles, inserted at the base of peri-
anth segments or in the tube; fi laments free or 
rarely (Ophiopogon) basally connate into a 
ring, sometimes nearly absent; anthers bas-
ifi xed or dorsifi xed, introrse. Pollen grains 
almost always 2-celled, 1-colpate or rarely (as 
in Aspidistra, Tupistra) inaperturate, tectate-
columellate. Gynoecium of (2)3(4) carpels; 
style columnar or fi liform, with lobed or capi-
tate stigma, rarely stigma sessile; ovary supe-
rior or rarely (Peliosanthes) semi-inferior, 
3-locular or rarely 4- or 2-locular, with two to 
many ovules per locule. Septal nectaries often 
present. Ovules 2–4 anatropous, campylotro-
pous, or nearly orthotropous, generally crassi-
nucellate, usually with parietal cell. Female 
gametophyte of Allium-type or less often of 
Polygonum-type, or Drusa-type, or Scilla-type. 
Endosperm nuclear or rarely helobial. Fruits 
berries, fl eshy dehiscent capsule (Gonioscypha), 
drupe (Tricalustra) or dry, leathery, 1–3-seeded 
structures, rupturing in early development and 

exposing seeds. Seeds globose to ovoid, of 
various colour; the testal layer is almost com-
pletely obliterated during maturation, and a 
phytomelan crust is never formed; the tegmic 
layer collapses, but the cellular layer is retained. 
Endosperm consists of cells with thick pitted 
rugose walls and store aleurones and lipids; 
embryo usually more than half as long as the 
endosperm. Flavonols present (kaempferol and 
 quercetin) or absent; steroidal sapinins in abun-
dance); n = 9–20.  . . . . . 1. convallariaceae.

3 Woody, generally large, arborescent plants 
with a stout, simple or sparingly branched 
trunk up to a few meters tall, with terminal leaf 
rosettes. Secondary thickening anomalous. 
Vessels present in roots (with simple perfora-
tions) and in leaves (with scalariform perfora-
tions). Leaves alternate, linear, tough and hard 
or leathery, sessile, simple, entire, serrulate, or 
(Dasylirion) margins usually armed with 
curved spines. Stomata anomocytic, sunken, 
with oily  contents. Infl orescences panicles, 
often large and  many-fl owered. Flowers polyg-
amo-dioecious or dioecious, actinomorphic, 
articulated on their pedicels, bracteate. Perianth 
segments six, all similar, free, scarious. Stamens 
six in two whorls, free, inserted at base of peri-
anth segments, vestigial in female fl owers; 
anthers dorsifi xed, introrse. Pollen grains 1-col-
pate, fi nely reticulate. Ovary 1–3-locular, with 
two anatropous ovules per carpel, or 3–6 in a 
single cavity in Dasylirion, reduced in male 
fl owers; ovules tenuinucellate. Septal nectaries 
 present. Style short, with 3-lobed stigma. 
Fruits dry, 3-winged samaras, or 3-lobed fl at-
ted capsules, or 3-ribbed nuts. Seeds without 
phytomelan, with cylindrical straight embryo. 
Flavonols (quercetin) present n = 18 and more 
often 19, chromosomes without marked dif-
ference in size.  . . . . . . . . . . . 3. nolinaceae.

2 Ovule one per carpel. Usually shrubby or treelike 
plants (Dracaena draco – the “Dragon Blood 
Tree” up to 15 m or more), sometimes scandent, 
or sometimes rhizomatous geophytes 
(Sansevieria); secondary thickening anomalous. 
Stems marked with transverse leaf scars or plants 
stemless or nearly stemless. Vessels in roots 
(mainly with simple perforations) and in leaves 
(with scalariform perforations). Leaves basal or 



676 Subclass II. LILIIDAE

more often crowded on the tops of branches, 
sheathing at base, small to very large, linear-
oblong to ovate or obovate, strap-shaped or ensi-
form, sometimes more or less distinctly petiolate, 
thin and fl exible to thick and rigid, sometimes 
conspicuously succulent. Stomata anomocytic. 
Flowers numerous, in compound terminal or 
axillary, paniculate, spicate, or capitate racemes, 
bisexual, actinomorphic, bracteate and with one 
bracteole, articulated on the pedicel. Perianth 
segments six in two cycles, equal, connate into a 
short or long tube. Stamens six in two cycles, 
inserted on the tube; anthers dorsifi xed, versatile, 
introrse. Pollen grains 1-colpate. Ovary supe-
rior, with one anatropous ovule per locule; sep-
tal nectaries present; style one, apical. stigma 
3-lobed to capitate. Fruits 1–3-seeded, red or 
orange berries, but sometimes capsular-indehis-
cent, hard and woody. Seed coat has a three to 
four-layered outer integument, the outer epider-
mis of which is thick walled and lacks phy-
tomelan, while the cells of the inner integument 
have collapsed and form a reddish brown mem-
brane (Dahlgren et al. 1985); embryo small, 
endosperm oily, containing aleurone and lipids. 
Flavonols (kaempferol) present (Dracaena); 
n = 19–21.  . . . . . . . . . . . . . 2. dracaenaceae.

1 Leaves much reduced.
4 Seeds with phytomelan in testa and collapsed 

 tegmen. Subshrubby or herbaceous perennials with 
erect or scandent stem growing from sympodial 
rhizome or rarely a tuber. Phylloclades perennial 
or deciduous, fasciculate or solitary, fl at, and leaf-
like or more often slender and needlelike to fi li-
form, apex mucronate, rarely (Asparagus 
densifl orus) bearing minute, scaly leaves, in some 
species (e.g., Asparagus turkestanicus) phyllo-
clades lacking. Vessels in roots with scalariform or 
simple perforations, in stems only with scalariform 
perforations. Leaves more or less scalelike, scari-
ous, with a spiny or soft basal spur. Stomata ano-
mocytic. Flowers small and  inconspicuous, 
solitary or in umbel-like or racemelike 
 infl orescences, bisexual or unisexual; pedicels 
articulate, usually bracteolate at the base. Perianth 
segments six, free and spreading or basally con-
nate and then forming a cup or tube. Stamens six, 
free from each other, inserted at the base of peri-
anth segments;  fi laments fi liform or fl attened, 
rarely spurred at base; anthers more or less 

 basifi xed, sagittate,  tetrasporangiate, dehiscing 
longitudinally, introrse. Microsporogenesis suc-
cessive. Pollen grains 1-colpate. Gynoecium of 
three united carpels; ovary superior, sometimes 
slightly stipitate, 3-locular, style short, with 
3-lobed or capitate stigma. Septal nectaries pres-
ent. Ovules 2–12 per locule, hemitropous or almost 
orthotropous, crassinucellate. Female gametophyte 
of Polygonum-type. Fruits often red, smooth, or 
wrinkled berry, rarely nut, or (Hemiphylacus) loc-
ulicidal capsules. Seeds black; endosperm with 
distinctly pitted cell walls, contains aleurone, lip-
ids and hemicellulose; embryo almost reach in the 
length of endosperm, slightly curved. n = 10, 56 
(Hemiphylacus).. . . . . . . . . . . . 5. asparagaceae.

4 Seeds without phytomelan.
5 Shrubs or subshrubs, often thicket forming, 

or lianas; secondary thickening absent. 
Phylloclades lanceolate to ovate, acute or pun-
gent-pointed. In Ruscus vessels only in roots 
and with scalariform and simple perforations 
in other genera also in stems and with scalari-
form perforations. Leaves reduced to small, 
scarious scales; mesophyll sometimes contain-
ing mucilage cells and calcium oxalate crys-
tals. Stomata  anomocytic. Phylloclades bear 
on upper or lower surface racemelike infl ores-
cence (Ruscus), umbel-like  infl orescence on 
their margins (Semele), or short terminal 
racemes are free from the phylloclades 
(Danae). Flowers small, inconspicuous, bisex-
ual or (Ruscus) unisexual (monoecious or dioe-
cious), articulated with their pedicels. Perianth 
segments six, free or partly connate, in the lat-
ter case with a fl eshy corona. Stamens six or 
(Ruscus) three; fi laments connate into a col-
umn; anthers extrorse. Pollen grains 1-colpate 
or (Semele) inaperturate. Stigma sessile or sub-
sessile, simple or more or less lobed. Ovary 
superior, 3-locular with two ovules per locule 
or (Ruscus) 1-locular with 1–4 ovules, without 
septal nectaries. Ovules hemitropous or ortho-
tropous, tenuinucellate and have a large funi-
cle. Female gametophyte of Allium-type. Fruits 
1–4-seeded red or orange-red berries. Seeds 
relatively large, pale; testa lacks phytomelan 
and disintegrates during development, but 
tegmen is well developed and consists of thick-
walled cells; endosperm store aleurones, lipids 
and hemicellulose; embryo is about ½ or 1/3 as 
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long as endosperm. Anthroquinones detected 
(Ruscus), present (Danae) kaempferol and 
quercetin, steroidal saponins and chelidonic 
acid;. n = 20; karyotypes of Danae and Ruscus 
are bimodal and consist of six large and 14 
small chromosomes.. . . . . . . . . 4. ruscaceae.

5 Herbs with generally globose hypocotyledon-
ary tuber or a proliferation of tubers and sto-
lons, usually with one to several slender 
sheathed necks. Leaves basally concentrated, 
solitary or several, basally sheathing, linear or 
lanceolate to ovate or broadly cordate and then 
prostrate, if broad basally constricted into pseu-
dopetiole; leaves often with unique complex, 
pubescent, more or less dissected enations from 
the upper part of relatively small lamina. 
Stomata anomocytic. Infl orescence simple sca-
pose raceme, the scape subtended by a basal 
cataphyll. Flowers ebracteolate. Perianth seg-
ments free, two cycles similar or dissimilar. 
Stamens six, all fertile; fi laments basally 
attached to the perianth segments; anthers dor-
sifi xed, epipeltate, elongate, opening longitudi-
nally. Tapetum secretory. Microsporogenesis 
successive. Pollen grains 1-colpate. Style fi li-
form, with punctiform stigma; ovary superior, 
3-locular, with few to several ovules per locule. 
Fruits smooth loculicidal capsules. Seeds testal-
tegmic, oval to comma-shaped, without phy-
tomelan, covered with long, unicellular, 
air-fi lled, white, or later rust-colored hairs; 
embryo large, narrowly conical to cylindrical, 
and fi lls up most of the seed volume; mature 
seed endosperm is strongly reduced (consumed 
by developing embryo), but nucellar tissue 
divides to form a sheath of perispermatic tissue, 
which encloses the embryo either completely 
or only for the chalazal 2/3; the peripheral layer 
of the perisperm stores aleurone and fatty oils. 
n = 5–7, 10, 12 and 21 (the basic number 
appears to be x = 7, see Dahlgren and van Wyk 
1988). . . . . . . . . . . . . . . . . 6. eriospermaceae.

1. CONVALLARIACEAE

Horaninow 1834 (including Aspidistraceae Endlicher 
1841; Ophiopogonaceae Endlicher 1841; Peliosan-
thaceae R.A. Salisbury 1866; Polygonataceae R.A. 
Salisbury 1866; Tupistraceae Schnitzlein 1846). 

18/170. Eurasia (south to Bali and Lombok) and North 
and Central America.

1.1 CONVALLARIOIDEAE
Fruits berries. Seeds not berrylike. Ovary superior. 
n = 9–20. – polygonateae: Polygonatum, Heteropo-
lygonatum, Disporopsis, Maianthemum, Smilacina; con-
vallarieae: Theropogon, Speirantha, Conval laria, 
Reineckea, Rohdea; aspidistreae: Tricalistra, Aspidistra, 
Gonioscypha, Tupistra (including Campylandra).

1.2 OPHIOPOGONOIDEAE
Fruits leathery or berrylike capsules soon dehiscent 
and deciduous after anthesis exposing seeds. Seeds 
berry like, with fl eshy seed coat. Ovary superior (Liriope) 
or semi-inferior. n = 18. – ophiopogoneae: 
Ophiopogon, Liriope; peliosantheae: Peliosanthes.

Have many similarities with the Colchicaceae – 
Uvularioideae.

2. DRACAENACEAE

Salisbury 1866 (including Sansevieriaceae Nakai 
1936). 2/100–160. Mainly tropical and subtropical 
regions of the Old World with only a few species in 
Hawaii, Central America and Cuba.

Dracaena, Sansevieria.
Close to the Convallariaceae, which is supported 

both by serotaxonomic (Chupov and Kutiavina 1978) 
and cytotaxonomic (Sharma and Chaudhuri 1964) data.

3. NOLINACEAE

Nakai 1943. 4/50. Southwestern United States, Mexico 
and northern Central America.

Nolina, Calibanus, Dasylirion, Beaucamea.
Closely related to the Convallariaceae and Dracae-

naceae (Bogler and Simpson 1995, 1996; Bogler 1999). 
The rare fl avonol  3-0-methyl-8-C-methyl-quercetin, has 
been found in all genera of the Nolina ceae and also 
occurs in Xanthorrhoeaceae (Williams et al. 1988).

4. RUSCACEAE

Sprengel 1826. 3/9–11. Macaronesia, western and cen-
tral Europe, Mediterranean, western Asia.

Danae, Ruscus, Semele.
Closely related to the Convallariaceae.
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5. ASPARAGACEAE

A.L. de Jussieu 1789 (including Hemiphylacaceae 
Doweld 2005). 2/210. Widely distributed in the Old 
World, mainly in arid and subarid regions.

Asparagus (? including Myrsiphyllum and Protas-
paragus), Hemiphylacus (5, Mexico).

According to Rudall et al. (1998) Hemiphylacus 
must be included in the Asparagaceae, but from this 
family it differs in fused perianth segments and chro-
mosome number (n = 56).

6. ERIOSPERMACEAE

Endlicher 1841. 1/102. Africa south of the Sahara; 
with concentration of species in the southwestern Cape 
Province.

Eriospermum.
A rather isolated taxon, which affi nity is still obscure. 

It shares some synapomorphies with the Cyanastraceae 
(Tecophileales), such as nuclear  formation of endo-
sperm, chalazosperm, successive microsporogenesis 
and large female gametophyte, but sharply differs in 
successive microsporogenesis, pollen ultrastructure, 
structure of the seed coat, embryo shape. According to 
Lu (1985), of the genera with which Eriospermum has 
been compared, Bowiea of the Hyacinthaceae may be 
the closest, but the differences are so obvious that a very 
close relationship is very unlikely. Recent molecular 
data support close relationships with the Asparagaceae 
(Chase et al. 1995, 2000; Fay et al. 2000).
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Superorder PANDANANAE

Order 16. PANDANALES

More or less arborescent plants, sometimes (Freycinetia) 
lianas with clasping, aerial roots, sometimes epiphytic; 
prop-roots usually at base of stem. Stems simple or 
sympodially branched, woody, but have no secondary 
growth or secondary vascular tissue and increase of 
trunk diameter is the result of primary thickening growth 
alone. Silica absent, but calcium oxalate occurs both as 
raphides and other kinds of crystal. Sieve-element plas-
tids of form-P2cf. Vessels in all vegetative organs, in 
roots with very primitive scalariform perforations. 
Leaves spirally arranged, usually aggregated at the ends 
of the branches, tristichous or (Sararanga) tetrastichous, 
but the ranks run in well-marked spirals owing to spiral 
growth of the stem, usually linear-ensiform, long, usu-
ally rigid, coriaceous, sheathing at base, parallel-veined. 
Stomata more or less distinctly tetracytic. Flowers min-
ute, numerous, much reduced, condensed in terminal or 
sometime lateral or axillary, usually unisexual infl ores-
cences, subtended by bracts; lower bracts foliaceous, 

upper bracts variously coloured. Sometimes fragrant 
and slightly sweet; individual fl owers strictly unisexual 
(most Pandanus), or with vestiges of the other sex, occa-
sionally bisexual in some species of Freycinetia, with-
out perianth or sometimes (Sara ranga) with perianth-like 
cupule. Male fl owers have many stamens (9–300); fi la-
ments fl eshy, free or often connate; anthers basifi xed, 
tetrasporangiate, sometimes  apiculate. Tapetum plas-
modial or secretory. Microsporogenesis successive. 
Pollen grains 2-celled, 1-porate, echinate, psilate, retic-
ulate. Female fl owers free or many connate into clusters. 
Gynoecium of one to several more or less united car-
pels; style short or wanting; stigmas reniform or hippo-
crepiform, sometimes elongated ovary superior, 
1-locular, with one ovule in Pandanus and Sararanga or 
several or  numerous in Freycinetia. Ovules anatropous, 
bitegmic, crassinucellate, with parietal cell. Female 
gametophyte of Polygonum-type or Allium-type. 
Endosperm nuclear. Fruits baccate or drupes, in heads. 
Seeds rather small, straight or variously curved; seed 
coat thin and membranous or (Sararanga) thickened; 
embryo small and straight; endosperm copious, oily or 
(Freycinetia) starchy. n = 25, 28, 30, 60.

Related to the Cyclanthales.

1. PANDANACEAE

R. Brown 1810 (including Freycinetiaceae Brongniart 
ex Le Maout et Decaisne 1868). 4/800–900. Tropical 
regions of the Old World, especially in Malesia, 
Melanesia, and Madagascar, with a few species in tem-
perate regions (China, Japan, New Zealand).

1.1 PANDANOIDEAE
Trees generally supported basally by aerial roots. 
Flowers in repeatedly branched panicles (Sararanga) 
or in spikes or racemes of spikes (Pandanus). Ovary 
with one ovule. Fruits monodrupes or polydripes 
depending on the number of carpels (Pandanus) or 
polypyrenoid berries (Sasraranga). Endosperm oily. – 
Sararanga, Pandanus.

1.2 FREYCINETIOIDEAE
Woody lianas with clasping roots and linear to ovate or 
obovate leaves. Flowers in pseudoumbels (rarely 
racemes) of spikes. Ovary multiovulate. Fruits fl eshy 
or ligneous berries. Endosperm starchy. – Freycinetia, 
Martellidendron.
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Order 17. CYCLANTHALES

Palm-like terrestrial or sometimes epiphytic perennial 
herbs or less often herbaceous vines or lianas. Stem 
very short to long and slender, rhizomatous to aerial, 
usually more or less lignifi ed. Commonly with raphide 
sacs and sometimes also with other types of calcium 
oxalate crystals; silica bodies lacking. Watery or milky 
juice present in all organs. Mucilage canals occur in the 
vegetative parts of all genera except Cyclanthus; in this 
genus there are laticiferous vessels. Sieve-element 
plastids of form-P2c. Vessels in roots and leaves, with 
scalariform perforations. Leaves large, spiral, spirodis-
tichous, or orthodistichous, sheathing at base, mostly 
petiolate; lamina very deeply bilobed to bifi d or more 
rarely fl abelliform-divided or entire, sometimes  plicate, 
with parallel or parallel-pinnate venation and with 
cross-veins. Stomata tetracytic. Flowers small, in 
 axillary or terminal spadices, sometimes screwlike, 
subtended by 2–4 (to 11) conspicuous, lanceolate-
ovate, variously coloured bracts, the spathes, which 
enclose the spadix when young; individual fl owers 
much reduced, unisexual, densely crowded, the female 
ones more or less embedded in axis, male and female 
fl owers in same spadix. Male fl owers without perianth 
or with symmetrical or asymmetrical perianth; perianth 
segments vary in shape and may have an adaxial secre-
tory glandule. Stamens mostly numerous; fi laments 
basally more or less connate and sometimes adnate to 
the perianth; in most genera swollen below, possessing 
a basal bulb, anthers basifi xed, tetrasporangiate, 
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usually opening longitudinally, sometimes with an api-
cal secretory glandule. Tapetum secretory. 
Microsporogenesis successive. Pollen grains 2-celled, 
usually boat-shaped, tectate with a thick foot-layer and 
no endexine, 1-colpate or less often 1–2-porate or 
(Dianthoveus and Evodianthus) inaperturate, usually 
foveolate. Female fl owers with simple perianth consist-
ing of four free or connate segments, four opposite sta-
minodia and gynoecium of four united carpels 
alternating with staminodia; stylodia free or basally 
connate into a short style; often stylodia are very short 
or wanting and then four stigmas nearly sessile; ovary 
superior, 1-locular, with numerous parietal, subapical 
or apical ovules. Ovules anatropous, bitegmic, weakly 
crassinucellate or almost tenuinucellate, with parietal 
cell. Female gametophyte of Polygonum-type. 
Endosperm helobial. Fruits many-seeded, baccate, 
often coalescent into multiple fruit. Seeds with gener-
ally straight, linear, small to medium-sized embryo and 
copious endosperm containing oil, aleurone, often 
hemicellulose, Dicranopygium rich in starch, which is 
also present in embryo, n = 9, 15, 16.

This order has features, especially in the plicate 
leaves, that are similar to those of the palms (Dahlgren 
et al. 1985), but it differs suffi ciently in predominantly 
herbaceous habit, absence of silica, morphology of 
infl orescence, constant syncarpous gynoecium, 
absence of septal nectaries, constant successive 
microsporogenesis, helobial endosperm, starch-rich 
endosperm and embryo in Dicranopygium, as well as 
in the epicuticular wax without crystalloids. Probably 
related to the Pandanaceae. According to Harling 
(1958), Freycinetia is probably the nearest to the 
Cyclanthales. However, the order differs suffi ciently 
from the Pandanales in secretory tapetum, helobial 
endosperm, more differentiated and plicate leaves, the 
non spiral growth of the stem.

1. CYCLANTHACEAE

Poiteau ex A. Richard 1824. 12/235. Tropical America, 
West Indies.

1.1 CARLUDOVICOIDEAE
Infl orescence with fl owers in spirally arranged groups. 
Placentas four or one. Latex absent. Leaves apically 
bifi d, fanlike, or entire, plicate. Fruits baccate, syncar-
pous or not. n = 9, 15, 16. – Carludovica, Dianthoveus, 

Evodianthus, Aplundia, Thoracocarpus, Schulte-
siophytum, Dicranopygium, Ludovia, Sphaeradenia, 
Stelestylis, Chorigyne.

1.2 CYCLANTHOIDEAE
Male and female fl owers in separate, alternating cycles 
or fl at spirals. Placentas numerous. Latex present. 
Leaves deeply cleft with a forked main rib, non plicate. 
Fruits dry, syncarpous. n = 9. – Cyclanthus.
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Order 18. TRIURIDALES

Usually perennial, commonly small, achlorophyllous, 
mycotrophic herbs with slender system of underground 
rhizomes often covered with scales. Raphides and silica 
bodies lacking. Roots fi liform, with a cortex consisting 
of l–3 layers of parenchyma cells containing mycor-
rhizal hyphae. Stems usually slender, erect. Vascular 
system weakly developed, with the vascular bundles in 
a single ring. Vessels lacking. Sieve-element plastids of 
P2c-type (Behnke 2002). Leaves reduced to alternate 
scales, have a single vascular strand. Stomata present or 
absent. Flowers very small, in terminal racemes (rarely 
reduced to a solitary fl ower), bracteate, bisexual (spp. of 
Sciaphila) or more often unisexual, monoecious or dioe-
cious), actinomorphic. Perianth of 3–6 (-10) segments 
in a single or two cycles; segments mostly more or less 
basally connate, often refl exed and may form a starlike 
confi guration, often conspicuously caudate apically, 
persistent. Stamens 2–6 (-10), often some staminodial, 
fi lamented, sessile or immersed in the conical andro-
phore; anthers tetrasporangiate or less often 2–3-spo-
rangiate, more or less extrorse, dehiscing longitudinally 
or more often transversely, typically extrorse, some-
times connective extends into a long, slender, terminal 
appendage. Tapetum plasmodial or secretory, with inter-
mediate forms occurring within the Sciaphileae 

(Rubsamen-Weustenfeld 1991; Furness et Rudall 2006). 
Microsporogenesis successive. Pollen grains 3-celled, 
globose, inaperturate, with very thin exine which shows 
more or less spiny-gemmate, granulate or verrucate 
(Furness and Rudall 2006). Gynoecium of ten to many 
free or basally connate carpels, each with one basal 
ovule and nearly terminal or more often with more or 
less lateral or gynobasic stylodium. Ovules anatropous, 
bitegmic, tenuinucellate, without parietal cell, nucellar 
cap absent. Female gametophyte of Polygonum-type, 
but in Triuris very probably of Fritillaria-type 
(Rubsamen-Weustenfeld 1991). Endosperm nuclear. 
Fruits of small, thick-walled, achenelike follicles or 
rarely of achenes. Seeds small, straight or slightly 
curved, with small, undifferentiated embryo consisting 
of a globose, embryo proper and a more or less short 
suspensor; endosperm copious, containing hemicellu-
lose, protein, oil, and exclusively in the Triurideae starch 
that disappears continuously during seed maturation; 
seed coat formed by the outer integument only, espe-
cially by its inner layer; middle cuticle very strongly 
thickened, directly adjacent to the endosperm tissue 
(Rubsamen-Weustenfeld 1991). n = 9, 11, 12 (mostly), 
13, 14, 15, 16.

According to Chase et al. (2000), the Triuridaceae 
related to the Pandanaceae and Cyclanthaceae.

1. TRIURIDACEAE

Gardner 1843 (including Lacandoniaceae E. Marttnes 
et C.H. Ramos 1989). 10–11/45–50. Tropical regions of 
America, Africa, and Asia. The largest genus Sciaphila 
(30) is concentrated in the Old World.

sciaphileae: Sciaphila, Seychellaria, Andruris, 
Hyalisma, Soridium; triurideae: Triuris (including 
Lacandonia), Triuridopsis, Peltophyllum. kupeaeae: 
Kupea, Kihansia.

In a variation of Triuris, described as a new genus 
Lacandonia, with central stamens and peripheral car-
pels, is probably no more than a very interesting case 
of homeotic mutation (Takhtajan 1997).
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Order 19. VELLOZIALES

Usually arborescent or shrubby perennials of various 
sizes (sometimes over 6 m tall in South America) with 
simple or sparsely dichasially branched woody stems. 
Tanniniferous cells sometimes present. Commonly 
secreting resin or gum. Sieve-element plastids of Pf, 
-Pcf, -Pcfs, -Pfs, -P2c-types (Behnke et al. 2000). 
Vessels in roots with simple perforations and in leaves 
with scalariform perforations. Leaves xeromorphic, 
tristichous or spirotristichuosly arranged, crowded at 
the end of stem or its branches when new, linear, often 
pungent-pointed, parallel-veined, entire or often 
 dentate-spinulose along the margins, sheathing at the 
base. Stomata paracytic or sometimes tetracytic. 
Adventitious roots alternating with the leaves. Flowers 
solitary, bisexual or (Barbaceniopsis) functionally 
unisexual, actinomorphic, 3-merous, in terminal, 
 1-many-fl owered infl orescences. Perianth segments 
six, in two cycles, usually similar, petaloid, spreading, 
free or usually more or less connate into a short or 
long tube; perianth tube often with six appendages 
that are free or united into corona. Stamens six in two 
cycles or often, in most species of Vellozia, numerous 
(up to 76) and in six bundles; anthers tetrasporan-
giate or disporangiate, exceptionally 10-sporangiate 
(Xerophyta schnizleiniana), usually linear and long, 
basifi xed to dorsifi xed, opening longitudinally, latrorse 
to introrse, rarely extrorse. Tapetum mostly secretory. 
Microsporogenesis successive. Pollen grains 2- or 
3-celled, solitary or (species of Vellozia) in tetrads, 
tectate-columellate, 1-colpate or rarely (Vellozia) 
inaperturate, fi nely verrucate to reticulate (Furness 
and Rudal 2006). Gynoecium of three united carpels; 
style slender, generally widening apically into a 
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3-lobed, capitate or clavate stigma; ovary variously 
pubescent on the outside, inferior or rarely 
 semi-inferior (almost superior in Vellozia burle-
marxii),  3-locular, with numerous ovules on stalked 
intrusive placentas. Ovules anatropous, bitegmic, 
weakly crassinucellate to tenuinucellate, with funicu-
lar obturator, without parietal cell. Female gameto-
phyte of Polygonum-type. Endosperm helobial or 
(Acanthochlamys) nuclear (Li and Gao 1993). Fruits 
capsular, loculicidal or opening by pores, often fl at or 
concave on the top, crowned with the scar of the peri-
anth, or 6-toothed, sometimes spiny, with numerous 
seeds. Seeds rather small, black; seed coat testal- 
tegmic, formed by both integuments, without phy-
tomelan but with phlobaphene in exotesta; endosperm 
copious, in its outer layers containing  aleurone and 
lipids and in the inner layers plenty of globose starch 
grains; embryo small, cylindrical or narrowly ovoid, 
n = 7, 8, 17, 19, 24.

Possibly related to the Bromeliaceae (Huber 1969, 
1977; Dahlgren et al. 1985; Takhtajan 1987), with 
which Velloziaceae share such common characters, as 
the para- and tetracytic stomata, helobial endosperm 
formation, testal-tegmic seed coat, and starchy 
endosperm. Affi nity with the Bromeliaceae is also 
supported by the presence of the same kind of epicu-
ticular waxes (Frölich and Barthlott 1988), but the lack 
of the UV fl uorescence of the cell walls is at variance 
with this allocation (Kubitzki 1998). As regards the 
placement of the family together with the Cyclantha-
ceae, Pandanaceae, Stemonaceae and Acanthochlamys 
in the rbcL trees (Chase et al. 1995), I agree with 
Kubitzki (1998) that it “does not seem to be accompa-
nied by morphological characters: at best it indicates 
the strong isolation of the family”.

Key to Families
1 Anthers tetrasporangiate. Perennial herbs and 

sparsely branched shrubs. Stems are covered with 
persistent imbricate sheaths of fallen leaves on the 
upper part and on the persistent adventitious roots, 
piercing the withered leaf bases on the lower part. 
Raphides sometimes present. Leaves in a basal 
rosette or apical tufts, sometimes up to 1 m long, 
simple,  linear-acuminate, with midrib, sometimes 
with a saw-toothed margin. Flowers solitary to 
12–15 on each scape, pedicellate, terminal, bisex-
ual, rarely functionally unisexual and the plants 
dioecious (Barbaceniopsis), actinomorphic, often 

large. Perianth segments six in two whorls, free or 
basally connate, sometimes (Barbacenia) with a 
small corona behind the anthers. Stamens 6–48, 
up to 76 (in Vellozia) in six bundles when more 
than six, lacerated staminal appendages often pres-
ent in Vellozia; fi laments epigynous (Talbotia) or 
adnate to the perianth, sometimes fl attened; anthers 
long; pollen grains 1-sulcate or nonaperturate. 
Septal nectaries conspicuous. Ovary inferior or 
rarely semi-inferior, stigma large, erect or spread-
ing. Fruits loculicidal capsules, or dehiscent by api-
cal, basal, or longitudinal slits. Seed small, 
numerous; exotesta thickened or not (tegmen tan-
niniferous – Pleurostima); embryo small, endosperm 
copious, hard, with hemicellulose, protein, oil and 
starch. Bifl avonoids present. n = 7, 8, 17, 24 (x = 
12?). . . . . . . . . . . . . . . . . . . . . . 1. velloziaceae.

1 Anthers disporangiate. Perennial herbs with short 
rhizome and thin, long fi briform roots. Stems 
without mantle of adventitious roots. Raphides 
and tannin cells absent. Sieve-element plastids 
form-P2c. Vessels with simple perforations and 
helical thickenings present in the root, scape and 
leaves. Leaves acerose, dorsiventral, ventrally 
subsemiorbicular and 2-canaliculate, dorsally fl at-
tened and 1-canaliculate, sheathed at the base. 
Midrib is composed of two “back-to-back” 
 vascular bundles. Stomata paracytic. Infl orescence 
a compound capitulum on a scape arising from the 
rhizome, at the base usually surrounded by three 
leafl ike aristate bracts, the peduncle bearing 5–8 
few-fl owered capityla, the fl owers subtended by 
aristate bractlets. Flowers bisexual, actinomor-
phic, shortly pedicellate, perianth segments six in 
two cycles, connate into tube. Stamens six in two 
cycles, borne upon the corolla lobes; fi laments 
short; anthers oblong, dorsifi xed, dehiscent by 
longitudinal slits. Pollen grains 2- or 3-nucleate, 
spheroidal, 1-colpate, fi nely verrucate to reticu-
late. Septal nectaries absent. Fruits trigonous cap-
sules. Seeds oblong, brown, tegmic, but the 
mechanical strength is provided mainly be the 
 thickened periclinal walls of the cell layers imme-
diately beneath the seed coat; this layer contains 
aleurone and free of starch; the rest of the 
endosperm contains starch in the form of com-
pound starch grains; embryo large (Kao 1989; Kao 
and Kubitzki 1998). Steroid saponins may be pres-
ent. n = 19. . . . . . . . 2. acanthochlamydaceae.
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1. VELLOZIACEAE

Hooker 1827 (including Barbaceniaceae Arnott 1842). 
8/250. America from Panama to Argentina (especially 
in southeastern Brazil), Madagascar, tropical and 
southern Africa, southwestern Arabia.

Talbotia, Xerophyta, Barbaceniopsis, Barbacenia 
(including Aylthonia), Pleurostima, Burlemarxia, 
Nanuza, Vellozia.

2. ACANTHOCHLAMYDACEAE

P.C. Kao 1989. 1/1. Subalpine xerophytic valley zone 
of southeastern Tibet, southwestern China and western 
Sichuan.

Acanthochlamys
According to Kao and Kubitzki (1998), a possible 

relationship of the Acanthochlamydaceae should be con-
sidered with all those families that share with them the 
possession of epigyny and starch accumulation in the 
endosperm, viz. Bromeliaceae, Haemodoraceae and 
Velloziaceae. They fi nd it signifi cant that these three fam-
ilies agree with Acanthochlamys in having starch grains 
composed of relatively few elements in the endosperm. 
Among these families, the Bromelia ceae differ too much 
from Acanthochlamys in their perianth differentiation 
into calyx and corolla and their epidermal cells contain-
ing silica bodies. The remaining two families agree with 
Acanthochlamys in the collapsed testa and 2-layered teg-
men, the Velloziaceae also in the disporangiate anthers, 
and additionally the Haemodoraceae in the thickened 
outer periclinal wall of the aleurone layer. However, the 
absence of cell wall-bound ferulate is shared only with 
the Velloziaceae. Therefore, Kao and Kubitzki favour the 
affi nity with the Velloziaceae, although in their opinion 
the relationship “may not be very close”. According to 
Behnke et al., their “combined results, i.e. small form-P2c 
plastids without loosely packed crystals, clear distance in 
Neighbor Joining and strong bootstrap support, favour a 
monotypic family whose closest affi nities are with 
Velloziaceae, and with no close affi nities to 
Amaryllidaceae” (2000: 117).
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Order 20. STEMONALES

Perennial rhizomatous herbs with erect stems or trail-
ing or twining herbs with fasciculate tuber. Raphides 
present or absent. Vessels only in roots or also in stem 
and even leaves, with scalariform perforations. Leaves 
alternate, opposite or verticillate, petiolate or sessile, 
lanceolate to ovate, with parallel, arcuate-striate or 
pinnate-striate venation. Stomata anomocytic or 
(Pentastemonaceae) tetracytic. Flowers solitary (axil-
lary or terminal) or in few-fl owered cymes or racemes, 
bisexual or rarely unisexual, actinomorphic, 2-merous, 
3–4-merous, or rarely (Pentastemona) 5-merous. 
Perianth segments free or sometimes more or less con-
nate, similar or more or less dissimilar. Stamens 
isomerous with the perianth segments; fi laments free 
or basally connate, elongate or short; anthers tetraspo-
rangiate, basifi xed, opening longitudinally, introrse, 
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often produced in sometimes rather long appendages. 
Tapetum secretory. Microsporogenesis successive. 
Pollen grains 1-colpate or (Pentastemona and 
Stichoneuron) inaperturate, reticulate, spiny-gammate 
or psilate (Furness and Rudal 2006). Gynoecium of 
two or 3–6(-8) or more united carpels; stylodia free or 
more or less connate; ovary superior to inferior, 3–6(-8)-
locular or 1-locular, with various types of placentation. 
Ovules few or numerous, anatropous or hemitropous, 
bitegmic, crassinucellate, with parietal placentation. 
Female gametophyte or Polygonum-type. Endosperm 
nuclear. Fruits capsules (sometimes fl eshy and berry-
like) or less often berries. Seeds ellipsoidal to globose, 
usually with various kind of appendages; seed coat 
derived mainly from testa; endosperm copious, con-
tains aleurone, fat, and starch grains; embryo usually 
small and nearly undifferentiated. Subterranean parts 
of Stemona and Croomia contain insecticidal alkaloids 
known only from these genera.

Key to Families
1 Ovary superior or semi-inferior. Flowers 2-merous. 

Twining or trailing, glabrous herbs with short rhi-
zome and often tuberous roots or erect herbs with 
horizontally creeping rhizome and with scale leaves. 
Stems vascular bundles in one or two rings. Leaves 
alternate, opposite or verticillate, simple, linear, lan-
ceolate, ovate, or triangular, petiolate or subsessile, 
cuneate to cordate or hastate at base, acuminate; 
venation parallel to arcuate-striate or arcuate-pin-
nate, with parallel transverse veinlets. Flowers large 
to rather small, in axillary few-fl owered cymes or 
solitary, bisexual or rarely (Stichoneuron) unisex-
ual, articulated from  pedicel. Perianth segments 
four in two cycles,  acuminate, free, sepaloid or pet-
aloid. Stamens four in two cycles;  fi laments short, 
inserted at base of perianth; anthers in Stemona 
with appendaged connective. Pollen grains 1-col-
pate,  tectate-columellate to granular, 1-colpate or 
(Stichoneuron) inaperturate, with microretivulate or 
reticulate (Croomia) ornamentation. Gynoecium of 
two carpels; stigma sessile; ovary semiinferior, 
1-locular, with few to many, basal (Stemona) or api-
cal ovules. Fruits 2-valved capsules. Seeds longitu-
dinally ridged, with elaiosome of juicy, uniseriate or 
vesicular hairs from hilum raphe or  micropyle; testa 
several-layered, ridges many cells high, tanninifer-
ous; endosperm stores aleurone, lipids and some 
starch. n = 9, 12.  . . . . . . . . . . . . . .1. stemonaceae.

1 Ovary inferior, fl owers 5-merous. Small, succulent 
monopodial herbs with scale leaves on short vertical 
rhizome; hairs uniseriate. Stem prostrate or slightly 
ascending, unbranched, fl eshy, juicy, loosely attached 
to substratum with slender adventitious roots. Leaves 
alternate, dispersed, long-petiolate, shortly sheathing 
at the base, cordate or rounded at base, acute, sub-
acuminate, with arcuate- pinnate venation and trans-
verse  parallel veinlets; petioles and sheathing leaf 
bases  ciliate. Stomata paracytic, or tetracytic to ency-
clocytic. Flowers small, in axillary, simple or 
 compound racemes, wholly or partly functionally 
unisexual, bracteate and with large dorsal bracteole; 
pedicels not articulated. Perianth segments fi ve, in 
one cycle, almost free or partially connate into long 
to short tube, with fi ve rounded imbricate lobes. 
Stamens fi ve, in one cycle, attached to base of peri-
anth tube; fi laments very short, united into short, 
fl eshy ring; anthers subsessile; connective broad, 
their extensions contacting stigmas. Pollen grains 
intectate, inaperturate, scabrate. Gynoecium of three 
carpels; style short and thick, with fi ve apparently 
nectariferous pouches at its base inside staminal 
tube; ovary inferior, provided with ten longitudinal 
fl anges or ribs, 1-locular, with numerous  anatropous 
ovules on intrusive placentas. Fruits berries, dis-
tinctly ribbed, containing many seeds. Seeds oblong, 
endotestal. with 10–13 faint longitudinal ridges, 
provided with infl ated funicular arillode covering 
about one third of the seed, with sarcotestalike hya-
line exotesta; endotesta with massive U-shaped 
thickenings; endosperm copious, contains aleurone 
and lipids as well as starch grains mainly around 
embryo and near chalaza; embryo minute. n = 7.
. . . . . . . . . . . . . . . . . . . . . . . 2. pentastemonaceae.

1. STEMONACEAE

Caruel 1878 (including Roxburghiaceae Wallich 1832; 
Croomiaceae Nakai 1937). 3/30. From India, southern 
China, and Japan through Malesia to Australia and 
southeastern United States (one species of Croomia).

Stemona, Croomia, Stichoneuron.

2. PENTASTEMONACEAE

Duyfjes 1992. 1/2. Sumatra.
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Pentastemona.
Related to the Stemonaceae, but markedly differ in 

5-merous perianth and androecium, inferior ovary, 
prominent stigmatic lobes, parietal placentation, ber-
rylike fruits, several-layered testa, intectate pollen 
grains, alternate leaves, leaf venation, compound mid-
rib, tetracytic or encyclocytic stomata.
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Superorder DIOSCOREANAE

Order 21. DIOSCOREALES

Perennial herbs with twining or trailing or less often 
erect shoots arising from a fl eshy, starchy rhizome or a 
tuber arising by hypertrophy of the internodes above the 
cotyledon (epicotyl) or/and by a lateral hypertrophy of 
the hypocotyl; the tuber with or without secondary 
growth. Roots commonly mycorrhizal, without root 
hairs. Tannin cells mostly present or (Tricho podaceae) 
lacking. Raphides in mucilaginous idioblasts generally 
present. Vessels in roots and sometimes also in stem, 
with scalariform perforations. Sieve-element plastids of 
P2c- or P1/2c-type (Behnke 2002). Leaves all basal, 
alternate, opposite or verticillate, sessile or more often 
petiolate, entire to compound, with various kinds of 
venation; petiole mostly with a pulvinus at each end. 
Ptyxis conduplicate or (Taccaceae) plicate. Stomata 
anomocytic. Flowers in various kind of infl orescences 
or solitary, bisexual or more often unisexual, actinomor-
phic, 2-merous, 3-merous. Perianth segments four, six 
in two cycles, more or less similar, usually basally con-
nate into a short tube. Stamens isomerous with peri-
anth segments; inner ones sometimes staminodial or 
obsolete; fi laments free or adnate to the perianth seg-
ments; anthers basifi xed, tetrasporangiate, introrse or 
sometimes extrorse, opening longitudinally, often with 
apically projected connective. Tapetum secretory. 
Microsporo genesis simultaneous or (Trichopus) suc-
cessive. Pollen grains 2-celled, 1-, 2- or 4-colpate (sul-
cate) or (Avetra) 4(5)-porate and spinulose. Gynoecium 
of three united carpels; stylodia free or connate; ovary 
superior, semi-inferior or mostly inferior, 1- or 3-locu-
lar, with 1–2 or numerous ovules per locule. Ovules 
anatropous,  bitegmic, crassinucellate or (Trichopodaceae) 
tenuinucellate. Female gametophyte of Polygonum-type 
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or very rarely (in some species of Dioscorea) tetrasporic 
of Drusa-type. Endosperm nuclear. Fruits mostly cap-
sules, rarely indehiscent and samaroid (Trichopus and 
Rajania) or berries. Seeds of various shapes, often 
(Dioscorea and Stenomeris) winged; seed coat formed 
by both the integuments (endotestal and exotegmic), 
lack phytomelan but often, especially those in capsular 
fruits, contain phlobaphene; endosperm copious, con-
tains aleurone, lipids, some starch, and commonly also 
hemicellulose in form of cell-wall thickening (absent in 
Stenomeris); embryo small, but well differentiated, with 
subterminal plumule and broad, fl at lateral cotyledon, or 
minute, undifferentiated. Often produce steroidal 
saponins, chelidonic acid, and sometimes (species of 
Dioscorea) alkaloid dioscorine. Flavones apparently 
lacking, although fl avone C-glycosides may be present 
in the Trichopodaceae (Williams et al. 1988).

Closely related to the Stemonales and have a com-
mon origin with them.

Key to Families
1 Ptyxis plicate. Embryo minute, undifferentiated, 

basal. Acaulescent perennial herbs from starchy, 
more or less tuberous-thickened, globose or elongate 
rhizome containing alkaloids. Raphide cells present 
in stem and leaves. Vessels only in roots, with sca-
lariform perforations. Leaves all basal, with basally 
more or less widened and often long petioles and 
entire to much dissected laminas; venation arcuate-
striate, palmate-striate, or pinnate-striate with reticu-
late veinlets. Midrib compound. On both sides of 
leaves occur peculiar trichomes consisting of a short 
row of cells bearing a multicellular body on which is 
another cell row at the apex. Mesophyll with scat-
tered mucilage cells. Stomata anomocytic or sur-
rounded by one cell. Infl orescences umbellate, 
apparently cymose, on long peduncle, the bracts 
forming an involucre, the inner ones narrower and 
often fi liform; fl owers bisexual, actinomorphic, 
3-merous. Perianth segments six in two cycles, 
imbricate, with a short, broad tube and six lobes, 
these biseriate, somewhat petaloid, the inner ones 
usually longer than the others. Stamens six in two 
cycles; fi laments short, inserted on perianth tube, 
with infl exed margins, apically forming, together 
with the broad connectives, hoods over anthers; 
anthers tetrasporangiate, opening longitudinally, 
introrse. Pollen grains 2-celled,  1-colpate, 

 tectate-columellate, verrucate to striate. Gynoecium 
of three united carpels; style short, with three broad 
stigmas often petaloid and refl exed over the style; 
ovary 6-ribbed, inferior,  1-locular, with numerous 
pendulous ovules on more or less intruded parietal 
placentas. Septal nectaries  present in several spe-
cies. Ovules anatropous, apotropous, with parietal 
cell. Fruits with a fl eshy pericarp, 6-ribbed, berry-
like, irregularly disintegrating, rarely loculicidal 
capsules (Tacca subgenus Schizocapsa). Seeds of 
various shapes, mostly provided with longitudinal 
ridges, sometimes with thin fl eshy aril and fl eshy 
raphe; seed coat formed by both the integuments 
(both 2-layered as in Pentastemona) which are well 
developed and take part in the mechanical function 
(restricted in the endotesta and exotegmen) and 
contains phlobaphene; endosperm copious, con-
tains aleurone and  lipids, but not starch; embryo 
minute, basal, undifferentiated, globose or ovoid, 
with laterally inserted cotyledon (as in Dioscorea). 
n = 15. . . . . . . . . . . . . . . . . . . . . . . . 1. taccaceae.

1 Ptyxis conduplicate. Embryo small, but well differ-
entiated, with subterminal plumule and broad fl at 
cotyledons.
2 Flowers bisexual. The connective produced into 

a long appendage.
3 Fruits many-seeded loculicidal capsules. Tall 

climbers with short, subterranean horizontal 
rhizome. Stem tough, twining to the left. 
Leaves alternate,  cordate, acuminate, arcuate-
striate veined with many primary veins con-
nected by more or less transverse commissural 
veinlets. Flowers in lax axillary panicles or 
solitary, pedicillate, pedicels bracteolate. 
Perianth segments connate into urn-shaped, 
6-lobed tube. Stamens six, inserted in one 
series near the mouth of tube; fi laments short, 
defl exed; anthers with broad connective that is 
apically prolonged into an elongated append-
age with spathulate, horned apex. Style short, 
columnar, ending in three bifi d stigmas; ovary 
with many ovules in each locule. Capsules lin-
ear and much elongated, 3-winged, with thin 
pericarp. Seeds fl at,  triangular, with large 
membranous wing on one side at the top; cells 
of mesotesta intensively coloured by phloba-
phenes; cells of endosperm thin-walled. . . . . .
2. stenomeridaceae.
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3 Fruits indehiscent or opening by irregular rup-
tures, dry or slightly fl eshy, 1- to 6-seeded. 
Erect herbs with short rhizome. Leaves entire, 
petiolate, ovate- elliptic to cordate-sagittate, 
3–7-veined; primary veins palmate, secondary 
venation reticulate. Flowers  solitary and axil-
lary or in terminal or axillary short racemes or 
fascicles, with long pedicels. Perianth more or 
less campanulate. Stamens six, inserted at 
base of perianth segments; fi laments very 
short; anthers with broad connective that is 
apically prolonged into long pointed append-
age, introrse. Pollen grains 1-colpate, bicon-
vex and not spinulose (Trichopus) or 
4(5)-porate, spheroidal, more or less spinulate 
(Avetra). Style short, columnar, with 3-lobed 
stigma, the lobes bifi d; ovary with two ovules 
per locule. Ovules tenuinucellate (at least in 
Trichopus). Fruits three wings or keels. Seeds 
more or less compressed, with deeply fur-
rowed seed coat derived from both testa and 
tegmen; exotegmic cells elongated and differ-
entiated as a mechanical tissue; endosperm 
copious, strongly ruminate; the outer wall lay-
ers are hard and thick owing to heavy deposi-
tion of hemicellulose; embryo minute, linear, 
straight. n = 14. . . . . . . . 4. trichopodaceae.

2 Flowers unisexual, dioecious. Mostly lianous 
herbs or rarely shrubby plants with usually tuber-
ous rhizome or woody rootstock that sometimes 
have secondary growth, rarely rhizome. Aerial 
stem usually climbing or trailing. Leaves alternate 
or rarely opposite, entire or lobed and often cor-
date or palmately compound; venation arcuate-
striate or palmate-striate with 3–13 primary veins 
and reticulate veinlets; bulbils of cauline nature 
occur in leaf axils of many species of Dioscorea. 
Flowers small, in spikes, racemes, cymes, or pan-
icles, pedicellate or sessile, often ebracteolate. 
Perianth segments usually basally connate into 
short tube. Nectaries commonly present. Fertile 
stamens six or three, very rarely one, erect or 
spreading; fi laments free or  sometimes shortly 
connate, attached to perianth tube; anthers not 
appendaged, rarely apiculate, dorsifi xed, introrse 
or sometimes extrorse. Pollen grains 1-colpate, 
2-colpate or occasionally 3-colpate. Pistillodia 
present or absent. Stylodia free or connate and 

apically 3-lobed or 3-brachiate; ovary with two to 
many ovules per locule. Staminodia often present 
in female fl owers. Fruits usually loculicidal cap-
sules, generally 3-angular or 3-winged, rarely 
samaras (Rajania) or berries (Tamus). Seeds 
winged or not, fl at or scarcely compressed, rarely 
(Tamus) globose, not ribbed. Endotesta is mostly 
crystalliferous and in each cell a single crystal of 
calcium oxalate is embedded in a moiety of 
phlobaphene and sclerotic exotegmen  consists of 
cells with pitted or sculptured walls (Huber 1998). 
n = 8, 9, 10, 12.. . . . . . . . . . . . 3. dioscoreaceae.

1. TACCACEAE

Dumortier 1829. 1/13 (or 35–50 ?). Pantropical, but 
best developed in Southeast Asia and Polynesia.

Tacca.

2. STENOMERIDACEAE

J. Agardh 1858. 1/2. Peninsular Malaya, northern 
Borneo and the Philippines.

Stenomeris.
The most archaic member of the order.

3. DIOSCOREACEAE

R. Brown 1810 (including Tamaceae Martynov 1820; 
Tamnaceae J. Kickx f. 1826). 6/650. Pantropical, a few 
species in subtropical and warm-temperate regions; 
Tamus (4–5), the only genus with baccate fruits, dis-
tributed in Macaronesia, Europe, Mediterranean 
region, and western Asia.

Dioscorea, Borderea, Testudinaria, Epipetrum, 
Rajania, Tamus.

Closely related to the Stenomeridaceae.

4. TRICHOPODACEAE

Hutchinson 1934 (including Avetraceae Takhtajan 
1997). 2/2. India (southwestern Deccan Peninsula), Sri 
Lanka, Malay Peninsula (Trichopus) and eastern 
Madagascar (Avetra).

Trichopus, Avetra.
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The subclass Arecidae is one of the most ancient phyla 
of the liliopsids and probably had a common origin 
with the Liliidae. Both subclasses derived from a hypo-
thetical extinct common ancestor, which most likely 
was a terrestrial rhizomatous perennial herb of more or 
less wet habitats without vessels and with primitive 
1-colpate, boat-shaped, pollen grains (2-celled when 
shed) and primitive free, conduplicate carpels with 
decurrent stigmas. In both subclasses there are still 
members with a number of primitive characters, 
including apocarpous gynoecium and primitive car-
pels. During the evolution of the Arecidae a progres-
sive reduction and specialization of fl owers has taken 
place, which has been compensated by the origin of 
very specialized compound infl orescences subtended 
by a usually well-developed bract, the spathe.

Superorder ARECANAE

Order 22. ARECALES

Usually large, sometimes very large, rarely rather small 
(only 2 cm in diameter and less than 25 cm tall in some 
species of Chamaedorea), more or less treelike or 
shrubby plants, branched or more often unbranched, 
erect or sometimes climbing, rarely stemless, some-
times with creeping rhizomes, but never producing 
bulbs or corms; lacking cambium but sometimes 
increasing in diameter by primary growth. Silica  bodies 
common. Calcium oxalate usually occurs as raphides, 
rarely as isolated crystals or as crystal sand. Vessels 
usually in all organs, in roots usually with simple per-
forations, in stem and leaves mostly with scalariform 
perforations (always scalariform in Nypa). Leaves 

 spirally arranged, usually in terminal rosettes, scattered 
along the stem in climbing species, rarely basal, often 
large or very large, usually clearly differentiated into 
petiole and lamina, with broad, clasping sheath at base; 
lamina usually palmately or pinnately divided, less 
often entire or bipinnate (Caryota), undivided and 
densely plicate in bud, with a stout central axis (costa 
or rachis), which is short or absent in truly palmate 
leaves, better developed in costapalmate leaves, and 
prominent in the pinnate leaves; some laminas are 
divided so that the segments (of palmate leaves) and 
pinnae (of pinnate leaves) appear to be either V-shaped 
(termed induplicate) while the others are so divided 
that they appear to be like an inverted V (termed redu-
plicate). Stomata tetracytic. Epicuticular wax of 
Strelitzia type. Flowers usually small, numerous, in 
usually large, compound or rarely simple spikes or 
panicles, sometimes in dichasia, rarely in heads, sub-
tended by one or more bracts, which often enclose the 
young infl orescence; individual fl owers sessile and 
often even embedded in the axis or rarely shortly 
 pedicellate, bisexual or much more often unisexual 
(monoecious or less often dioecious) or sometimes 
polygamous, actinomorphic or less often weakly 
 zygomorphic, commonly 3-merous, usually bracteate. 
Perianth segments six or sometimes four, in two more 
or less dissimilar cycles or less often up to ten and spi-
rally arranged, free or more or less connate, often scale-
like, rarely reduced or lacking; outer segments (sepals) 
usually smaller, imbricate or open in bud; inner seg-
ments (petals) valvate in male fl owers and imbricate in 
female fl owers. Stamens mostly six in two cycles, but 
seldom, as in Nypa, one of two cycles lacking, or some-
times numbers range from seven to eight to mostly nine 
to many (120 to over 250 in Phytelephas, up to 521 in 
Ammandra and up to 954 in Palandra), fi laments free 
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or more or less connate or/and adnate to the inner peri-
anth segments; anthers tetrasporangiate, basifi xed or 
dorsifi xed, latrorse, opening usually  longitudinally or 
rarely (some species of Areca) by apical pores. Tapetum 
secretory. Microsporogenesis simultaneous or some-
times successive (reported for Nypa fruticans, Phoenix 
sylvestris, and Pinanga  disticha, but needs  confi rmation). 
Pollen grains  tectate-columellate, 1(2)-colpate, tricho-
tomocolpate, zonocolpate or 1(2)-porate, predominantly 
reticulate. Staminodia often present. Gynoecium of 
(1)3(4–10) free or more often united carpels, some-
times pseudomonomerous; stylodia free or connate; 
ovary superior, in syncarpous forms usually 3-locular, 
with one erect or pendulous ovule per locule or per 
 carpel. Septal nectaries often present. Ovules anatro-
pous or less often hemitropous, campylotropous, or 
orthotropous, bitegmic, crassinucellate, with parietal 
cell. Female gametophyte usually of Polygonum-type, 
rarely of Allium-type. Endosperm nuclear. Fruits dry or 
fl eshy drupe with the endocarp usually attached to the 
seed or less often baccate, rarely more or less dehis-
cent. Seeds with very small, cylindric, or conical 
embryo embedded apically, laterally or basally in copi-
ous endosperm; endosperm usually bony, sometimes 
ruminate, contains fats and oils, aleurone and hemicel-
lulose deposited in cell walls, but without starch. 
n = 8–10, 12–19, especially 14, 16, 18. In Voanioala 
2n = 606 ±3 (Johnson 1989; Roser 1994).

Arecales are one of the most ancient branches of the 
monocotyledons and are among the fi rst families of 
magnoliophytes that are defi nitely recognizable in the 
fossil record. They are also very heterobathmic. There 
are 16 arecaceous genera with the apocarpous gynoe-
cium, and, what is even more important, in some of 
them the carpels are conduplicate and stipitate, with 
open sutures and laminar or sublaminar placentation 
(see Uhl and Moore 1971; Moore 1973). In 
Trachycarpus fortunei trichomes are present along and 
in some extent within the unsealed suture, as in some 
taxa of archaic dicotyledons (Uhl and Moore 1971; 
Moore and Uhl 1982). Stigmas are sessile or sub-
sessile. In Arecales septal nectaries developed inde-
pendently, and as Eames (1953) says “the story here 
parallels that in the Liliaceae; septal glands have devel-
oped independently, perhaps several times.”

The Arecales resemble the commelinalean and 
poalean families in possessing epicuticular wax of the 
Strelitzia-type and cell walls containing UV-fl uorescent 
compounds. Besides, the Arecales resemble the 

Joinvilleaceae, Flagellariaceae, and Poaceae in plicate 
ptyxis of leaves (found in Joinvillea and some grasses), 
silica bodies, the occurrence of vessels in the stems, 
the pronounced development of ligules and ligulelike 
structures, the conspicuously similar fl avonoid com-
pounds, such as tricin and sulfonated fl avonoids, and 
abundant cyanogenesis (Dahlgren and Rasmussen 
1983; Dahlgren et al. 1985). But in contrast to the 
Poales, septal nectaries are common in palms, and, 
what is phylogenetically more important, some of 
them still have such plesiomorphic characters as 
apocarpous gynoecium of very primitive carpels and 
simultaneous microsporogenesis. In general, palms are 
much nearer to the archaic Liliidae and Alismatidae 
than to the Poanae and related groups. However, they 
occupy a very isolated taxonomic position, and evi-
dently originated independently and directly from the 
earliest monocotyledons.

1. ARECACEAE

Schultz-Schultzenstein 1832 or Palmae A. L. de 
Jussieu 1789 (nom. altern.) (including Acristaceae 
O. F. Cook 1913; Borassaceae Schultz-Schultzenstein 
1832; Calamaceae Kunth ex Perleb 1838; Caryotaceae 
O. F. Cook 1913; Ceroxylaceae O. F. Cook 1913; 
Chamaedoraceae O. F. Cook 1913; Cocosaceae 
Schultz-Schultzenstein 1832; Coryphaceae Schultz-
Schultzenstein 1832; Geonomataceae O. F. Cook 1913; 
Iriarteaceae O. F. Cook et Doyle 1913; Lepidocaryaceae 
C. Martius 1838; Malortieaceae O. F. Cook 1913; 
Manicariaceae O. F. Cook 1910; Nypaceae Brongniart 
ex Le Maout et Decaisne 1868; Phoenicaceae Burnett 
1835; Phytelephantaceae Martius ex Perleb 1838; 
Pseudophoenicaceae O. F. Cook 1913; Sabalaceae 
Schultz-Schultzenstein 1832; Sagaceae Schultz-
Schultzenstein 1832; Saginaceae Berchtold et J. Presl 
1820; Synechanthaceae O. F. Cook 1913). 188/2000–
2700. Pantropical, with some subtropical and a few 
temperate species.

Classifi cation after J. Dransfi eld et al. 2005 and 
M.V. Norup et al. 2006.

1.1 CALAMOIDEAE
Erect or climbing, often spiny. Leaves palmate, 
 costapalmate, or, more often, pinnate, reduplicate. 
Flowers almost always in dyads or dyad derivatives, 
bisexual, polygamous, monoecious or dioecious, with 
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 syncarpous gynoecium. Fruits 1–3-seeded, with thin 
or thick, fl eshy or spongy mesocarp, covered with 
refl exed imbricate scales. – eugeissoneae: Eugeissona; 
lepidocaryeae: Oncocalamus, Eremospatha, 
Laccosperma, Raphia, Lepidocaryum, Mauritia, 
Mauritiella; calameae: Korthalsia, Eleiodoxa, 
Salacca, Metroxylon, Pigafetta, Plecto comia, 
Myrialepis, Plectocomiopsis, Calamus  (including 
Calospatha), Retispatha, Daemonorops, Ceratolobus, 
Pogonotium.

1.2 NYPOIDEAE
Mangrove palm with dichotomously branched, 
 creeping stem. Leaves paripinnate, reduplicate. 
Flowers unisexual, monoecious, with androecium of 
only three stamens and apocarpous gynoecium;  carpels 
large, asymmetrical, have a vascular system different 
from that of all other palms. Fruits with fi brous 
 mesocarp. – Nypa.

1.3 CORYPHOIDEAE
Dwarf or creeping to large fan palms with solitary to 
multiple trunks. Leaves palmate or costapalmate, rarely 
entire or pinnate, almost always induplicate. Flowers 
solitary or in cincinni, bisexual or unisexual, with apocar-
pous or syncarpous gynoecium. Septal glands occur in 
syncarpous genera. Fruits usually with fl eshy mesocarp. 
– sabaleae: Sabal; cryso phileae: Schippia, Trithrinax, 
Zombia, Cocco thrinax, Hemithrinax, Thrinax, 
Chelyocarpus, Cryosophila, Itaya; phoeniceae: 
Phoenix; livistoneae: Chamaerops, Guihaia, 
Trachycarpus, Rhapidophyllum, Maxburretia, Rhapis, 
Livistona, Licuala, Johannesteijsmannia, Pholidocarpus, 
Pritchardiopsis, Acoelorraphe, Brahea, Colpothrinax, 
Copernicia, Pritchardia, Serenoa, Washingtonia; 
chunio phoeniceae: Chuniophoenix, Nanno rrhops, 
Kerriodoxa; caryoteae: Caryota, Arenga, Wallichia; 
corypheae: Corypha; borraseae: Bismarckia, 
Satranala, Hyphaene, Medemia, Latania, Lodoicea, 
Borassodendron, Borassus.

1.4 CEROXYLOIDEAE
Small to tall. Leaves pinnate or entire and pinnately 
ribbed, induplicate. Flowers unisexual (monoecious 
or dioecious) or rarely bisexual, with syncarpous 
gynoecium. – cyclospatheae: Pseudophoenix; 
ceroxyleae: Ceroxylon, Oraniopsis, Juania, 
Ravenea; phytelepheae: Phytelephas, Aphandra, 
Ammandra.

1.5 ARECOIDEAE
Very small to large, from erect to repent. Leaves pinnate, 
pinnately ribbed or bipinnate, induplicate or reduplicate. 
Flowers always unisexual, monoecious or dioecious, 
sessile and embedded in axis, with syncarpous, often 
pseudomonomerous gynoecium. – iriarteeae: 
Dictyocaryum, Iriartella, Iriartea, Socratea Wettinia; 
chamaedoreeae: Hyophorbe, Wendandiella, 
Synechanthus, Chamaedorea, Gaussia; podoco cceae: 
Podococcus; oranieae: Orania; scle rospermeae: 
Sclerosperma; roystoneae: Roystonea: rein-
hardtieae: Reinhardtia; coco seae: Beccariophoenix, 
Jubaeopsis, Voanioala, Allagoptera (including 
Polyandrococos), Attalea, Butia, Cocos, Jubaea, 
Lytocaryum, Syagrus, Paraju baea, Acrocomia, 
Barcella, Elaeis, Gastrococos, Aiphanes, Bactris, 
Desmoncus, Astrocaryum; mani carieae: Manicaria, 
euterpeae: Hyospathe, Euterpe, Prestoea, 
Neoniholsonia, Oenocarpus: geonomeae: 
Pholidostachys, Welfi a, Calyptonoma, Calyptrogyne, 
Asterogyne, Geonoma; leopold inieae: Leopoldinia; 
pelagodoxeae: Som mieria, Pelagodoxa; areceae: 
Archontophoenix, Chamebeyronia, Kentiopsis, 
Actinokentia, Actinorhytis, Nenga, Pinanga, Areca, 
Alloschmidia, Cyphophoenix, Campecarpus, 
Basselinia, Cyphosperma, Veillonia, Burretiokentia, 
Physokentia, Neoveitchia, Carpoxylon, Satakentia, 
Brongniartikentia, Clinosperma, Cypho kentia, 
Moratia, Lavoixia, Dypsis, Lemuro phoenix, Masoala, 
Marojejya, Calyptrocalyx, Linospadix, Laccospadix, 
Howea, Deckenia, Acan thophoenix, Oncosperma, 
Tectiphiala, Drymophloeus, Carpentaria, Veitchia, 
Balaka, Normanbya, Wodyetia, Ptychosperma, 
Ponapea, Adonidia, Solfi a, Ptychoc occus, Brassio-
phoenix, Hedyscepe, Rhopalostylis, Verschaffeltia, 
Roscheria, Phoenicophorium, Nephrosperma.

Unplaced members of Arecaceae: Alsmithia, 
Bentinckia, Clinostigma, Cyrtostachys, Dictyosperma, 
Heterospathe, Hydriastele (including Siphokentia, 
Gronophyllum, Gulubia), Iguanura, Lepidorrhachis, 
Loxococcus, Rhopaloblaste.

Genus dubious: Dransfi eldia.
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A large group of orders derived from the 
 Liliidae-Lilianae, most likely from the Amaryllidales-
like ancestor. The Commelinidae are characterized by 
such synapomorphies as endosperm with copious 
starch, cell walls containing UV-fl uorescent com-
pounds ( ferulic and coumaric acids), silicon dioxide 
bodies in leaves, stomatal complexes with well differ-
entiated subsidiary cells, epicuticular waxes of the 
Strelitzia-type. The commelinids are rather advanced, 
mostly with very specialized infl orescences and often 
reduced and anemophilous fl owers. They constitute a 
monophyletic group, which is supported both by cla-
distic analysis (Dahlgren and Rasmussen 1983) and 
rbcL sequence data (Duvall et al. 1993).
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Superorder BROMELIANAE

Order 23. BROMELIALES

Mostly short-stemmed epiphytic perennial herbs or 
sometimes terrestrial xerophytes. Many species of epi-

phytic genus Tillandsia have elongate stem, and  species 
of Puya have more or less woody stem, which in 
P.  raimondii reaches a height of 10 m; in some spe-
cies of Pitcairnia stem is climbing. In epiphytic  species 
roots often serve as climbing roots. Sacs with bundles 
of calcium oxalate raphides occur in all parts as well 
as small, spherical silica bodies in the inner periclinal 
walls of the epidermal cells of stem and leaves. Sieve-
element plastids of form-P2c. Vessels only in roots, in 
roots and stem, or also in leaves, with scalariform or 
less often simple perforations. Leaves spirally arranged 
or rarely (some species of Tillandsia) distichous, 
mostly in basal rosettes, less often cauline, often rigid 
and xeromorphous, with broad, sheathing base, simple, 
entire or spinose-derrate, linear, broadly subulate, lan-
ceolate, or rarely ovate, parallel-veined, generally with 
internal water-storing mesenchymatous tissue and with 
characteristic water-absorbing, peltate scales with uni-
seriate stalk, and multicellular, stellate to platelike 
shield which is often pressed against the epidermis, 
often forms a vase-shaped rosette in which water accu-
mulates and from which it is absorbed. Stomata tetra-
cytic (with two narrow lateral and two short, terminal 
subsidiary cells) or sometimes with six subsidiary cells. 
Flowers in simple or compound racemes, spikes, heads, 
or panicles, rarely solitary, commonly with well- 
developed, brightly colored, spathaceous bracts, bisex-
ual or sometimes functionally unisexual, actinomorphic 
or rarely somewhat zygomorphic, almost always 
3- merous. Perianth segments six in two more or less 
unequal cycles; outer segments generally much smaller, 
often hyaline or greenish, free or more or less connate; 
inner segments petaloid and usually brightly colored, 
free or basally connate into short tube, often basally with 
ligular appendages. Stamens six in two cycles; fi laments 
narrow, inserted at the base of perianth segments when 
they are free, and adnate to them when they are  connate; 
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anthers often long and linear, tetrasporangiate,  basifi xed 
or dorsifi xed, opening longitudinally, introrse. Tapetum 
plasmodial. Microsporo genesis  successive. Pollen 
grains generally 2-celled, 1-colpate, inaperturate or 
2-polyporate (restricted to Brome lioideae), subtectate, 
mostly reticulate. Gynoecium of three united carpels; 
style usually long, slender, more or less 3-lobed, with 
different kinds of stigma (conduplicate-spiral or less 
often convolute-bladed, simple-erect, cupulate and 
coralliform, see Brown and Gilmartin 1984, 1988); 
ovary superior to inferior, 3-locular, usually with more 
or less numerous ovules. Septal  nectaries present. 
Ovules anatropous or rarely campylotropous, very 
rarely (Hohenbergia) orthotropous, bitegmic, crassi-
nucellate, with parietal cell. Female gametophyte of 
Polygonum-type. Endosperm development of a special 
subtype of helobial type, in which cell walls are formed 
sooner in the chalazal chamber than in the micropylar, 
and often the chalazal chamber lacks starch grains 
which are copious in the micropylar endosperm 
(Dahlgren et al. 1985). Fruits usually septicidal cap-
sules or more often berries. Seeds usually small and 
appendaged, rarely naked; seed coat formed by the 
inner integument with the various degree of participa-
tion of the outer integument; embryo small or some-
times rather large, cylindrical, mostly lateral, with the 
radicle next to the hilum; endosperm copious, mealy, 
consisting of large cells containing simple or com-
pound starch grains; peripheral layer of endosperm 
represented by smaller cells containing aleurone. 
Flavonoles are present. n = 25, rarely 16, 17, 21, 24, 
17, 27, 36, chromosomes very small.

Bromeliaceae are set apart from other monocotyle-
dons in many respects. Their synapomorphies include 
testal-tegmic seeds (Danilova et al. 1995), unique stel-
late or scalelike multicellular trichomes, solitary silica 
bodies, a conspicuously sepaloid and petaloid perianth, 
and the unusual conduplicate, spiral stigmas, common 
in all three subfamilies (Gilmartin and Brown 1987; 
Smith and Till 1998). They are relatively closest to the 
Velloziaceae (see Huber 1977; Gilmartin and Brown 
1987), and both of them are most probably related to 
the Lilianae one hand and to the Commelinanae (espe-
cially Rapateaceae, see Smith 1934) on the other. 
Similarities between the Bromeliales and Lilianae 
include the presence of raphides, steroidal saponins 
and fl avonoids, mostly scalariform perforations of the 
root vessels, the presence of septal nectaries, and helo-
bial endosperm. Also, there are defi nite similarities 

between the pollen grains of the Bromeliaceae and 
those of certain families of the Lilianae, including 
Hypoxidaceae (Erdtman and Praglowski 1874) and 
Agavaceae (particularly Agave) (Takhtajan 1980). 
However, from most of the Lilianae the Bromeliaceae 
differ in their stomatal complex (see Tomlinson 1969) 
and the presence of silica bodies. In addition, it is 
important to mention, that members of the Bromeliales 
show UV-fl uorescence in the cell walls, indicating the 
presence of the same compounds as are found in the 
Arecanae, Commelinanae and Zingiberanae (Harris 
and Hartley 1980). Dahlgren et al. (1985) presume that 
the ancestors of the Bromelianae belonged to the same 
branch as did the ancestors of both Commelinanae and 
Zingiberanae (possibly also those of the Arecanae). 
Unlike most of the Commelinanae they had retained 
the entomophilous syndrome and in this they are still 
“liliifl oran”.

1. BROMELIACEAE

A. L. de Jussieu 1789 (including Tillandsiaceae Wilbread 
1834). 57/2700 or more. Tropical and partly subtropical 
regions of America from Virginia to Patagonia, 1  species 
of Pitcairnia in tropical West Africa.

1.1 PITCAIRNIOIDEAE
Nearly always terrestrial. Roots present and largely 
functional. Leaves nearly always spinose-serrate. 
Ovary superior (or largely so in most genera) to rarely 
inferior or semi-inferior (Pitcairnia). Ovules with a 
chalazal appendage. Fruits generally septicidal capsules 
with an additional loculicidal apical dehiscence in some 
genera or rarely indehiscent. Germination  epigeal. – 
brocchinieae: Brocchinia; pitcairnieae: Navia, 
Ayensua, Steyerbromelia, Lindmania, Cotten dorfi a, 
Connellia, Fosterella, Pepinia, Pitcair nia; puyeae: 
Brewcaria, Deuterocohnia, Puya, Encholirium, 
Dyckia, Hechtia.

1.2 TILLANDSIOIDEAE
Mainly epiphytic. Roots often functioning as holdfasts, 
sometimes lacking. Leaves generally with spineless 
 margin. Petals appendages present or absent. Ovary supe-
rior or nearly so, rarely (Glomeropitcaimia)  semi-inferior. 
Ovules with or without chalazal  appendages. Fruits 
 septicidal capsules. – catopsideae: Gatopsis; 
glomeropitcairnieae:  Glomeropit cairnia; vrueseeae: 
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Alcanterea, Vriesea, Werauhia; tillandsieae: 
Mezobromelia, Racinaea, Guzma nia, Tillandsia, 
Viridantha.

1.3 BROMELIOIDEAE
Mainly epiphytic, usually acaulescent. Roots often 
functioning as holdfasts. Leaves usually spinose- 
serrate or serrulate. Ovary inferior or nearly so. Ovules 
usually lack chalazal appendages. Fruits baccate, but 
often dry. – Orthophyllum, Cryptanthus, Araeococcus, 
Fascicularia, Greigia, Fernseea, Ochagavia, Ursulaea, 
Bilbergia, Neoglaziovia, Bromelia, Deinacanthon, 
Chevalliera, Pseudananas, Ananas, Acanthostachys, 
Hohenbergia, Aechmea, Quesnelia, Canistrum, 
 Wittrockia, Portea, Pseudaechmea, Hohenbergiopsis, 
Androlepis, Lymania, Nidularium, Neoregelia, Strepto-
calyx, Ronnbergia, Disteganthus.
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Superorder ZINGIBERANAE

Order 24. ZINGIBERALES (CANNALES)

Perennial herbs with sympodial, very short to elongate, 
often tuberous-thickened and starchy rhizomes or 
arboreal with a simple, unbranched trunk lacking sec-
ondary growth (some Strelitziaceae). Silica bodies in 
bundle sheath. Vessels only in roots, sometimes pres-
ent also in the shoot, with simple or scalariform perfo-
rations. Leaves distichous or spirally arranged, small 
to very large, with an opened or closed sheath, usually 
a distinct petiole, and an entire, simple blade, that is 
rolled up one side to the other in bud. Stomata para-
cytic or more seldom tetracytic or hexacytic. Flowers 
usually in terminal, racemose infl orescences, zygo-
morphic or asymmetrical, bisexual or unisexual. Sepals 
three, free or connate to a tube, unlike the petals. Petals 
three, sometimes dissimilar, free or connate, some-
times joined to the sepals. Functional stamens one or 
fi ve, rarely six (Ravenala and some Ensete), usually one 
to several staminodes are present. Anthers basifi xed 
or rarely dorsifi xed (some Zingiberaceae), opening 
longitudinally. Tapetum secretory or rarely (some 
Zingiberaceae and Cannaceae) amoeboid. Microsporo-
genesis successive. Pollen grains usually 2-celled, 
inaperturate or more rarely 1-colpate (Zingiber and 
Dimerocostus), spiraperturate (Tapeinochilos) and 
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5–6-porate (Costus, Monocostus). Gynoecium of three 
united carpels, or one or two of them are more or less 
reduced or even obsolete. Ovary superior or semi- 
inferior to inferior, with numerous ovules on the intru-
sive placentas. Septal nectaries commonly present. 
Ovules anatropous or rarely (some Marantaceae) 
campylotropous or (some Zingiberaceae) orthotro-
pous, bitegmic, crassinucellate. Female gametophyte 
Polygonum-type or rarely (Costaceae) Adoxa-type. 
Endosperm nuclear or rarely (Zingiberaceae and 
Costaceae) helobial. Fruits loculicidal capsules, some-
times schizocarpous, nuts or berries. Seeds often oper-
culate next to the radicle, often arillate, seed coat 
derived from the outer integument, embryo straight or 
curved, endosperm copious with compound starch 
grains, or rarely (Maranthaceae) absent, perisperm 
usually present, rarely (Strelitziaceae) absent. Contain 
raphides and chelidonic acid.

Related to Lilianae and Bromelianae and probably 
have a common origin with Bromeliales from ancient 
lilealean stock.

Key to Families
1 Functional stamens six or fi ve.

2 The median perianth segment of the inner cycle 
not larger than the others. Giant or medium-sized 
more or less arborescent plants with erect, woody 
in texture trunks or (most species of Strelitzia 
except S. nicolai) herbs with short and cormlike 
stem, generally with a sympodial starchy rhizome 
with branches terminating in aerial shoots. Roots 
with anomalous stele fi lled with wide medullary 
vessels and scattered phloem islands with a single 
sieve tube in each strand. Starch grains ellipsoidal 
to spherical or (Ravenala) markedly fl attened. 
Silica cells associated with vascular bundles in all 
parts of the plant except the roots, silica bodies 
druselike or spherical. Raphide sacks present in 
the ground tissue of all organs. Vessels in root and 
woody stem or (Ravenala) only in roots, with 
scalariform and sometimes also simple perfora-
tions. Leaves commonly very large, more or less 
petiolate (petiole long to often indistinct or even 
lacking), with short basal sheath; lamina with 
coarse midrib and closely set parallel, slightly 
sigmoid lateral veins interconnected by tertiary 
cross-veins and fusing near margin. Stomata 
generally tetracytic to hexacytic, often with 
sunken guard cells. Flowers in axillary or 

(Phenacospermum) terminal thyrse with 1 to sev-
eral lateral, distichously arranged, few-fl owered, 
compact, monochasial cymes, each one in the axil 
of large, stiff, brightly colored, persistent, spatha-
ceous bract; individual fl owers bi-sexual, more or 
less zygomorphic, subtended by carinate bracte-
oles, sweet-smelling. Perianth segments all more 
or less petaloid, outer segments free from each 
other and more or less equal, the inner ones 
slightly or more often strongly dissimilar, the lat-
eral being more or less fused with each other and 
in Strelitzia form a stiff, arrow-shaped keel 
enclosing functional stamens and style, the 
median free or only basally connate with the oth-
ers. Stamens six (Ravenala) or fi ve functional and 
one (belonged to the inner cycle) lacking; fi la-
ments elongate, rigid; anthers in Strelitzia with 
slightly protruded connective. Style fi liform, 
often dilated distally; stigmas 3-lobed, long tur-
binate. Ovary 3-locular, semi-inferior, with con-
spicuous solid extension above the locules. 
Ovules numerous in each carpel. Fruits loculi-
cidal capsules. Seeds with brightly colored, hairy 
arils, with mostly rudimentary operculum (well 
developed only in Ravenala) but without micro-
pylar collar, copious starch- and aleurone-storing 
endosperm and 1-layered, starchless perisperm; 
embryo straight or curved. Phenylphenalenones 
(cyanidin) and fl avonols present (Strelitzia). n = 
7, 8, 11. . . . . . . . . . . . . . . . . . 1. strelitziaceae.

2 The median (adaxial) perianth segment of the 
inner cycle developed as a large labellum. 
Medium-sized or small perennial herbs with 
creeping sympodial rhizome rich in compound 
starch grains and bearing scalelike leaves and 
very short, sometimes branched stem and rather 
thick roots. Hat-shaped silica bodies occur in 
connection with the vascular bundles, and raphide 
sacs occur in all parts. Vessels only in roots, with 
scalariform perforations with numerous bars. 
Leaves of moderate size, distinctly petioled, with 
broadly lanceolate or elliptic lamina with arching 
and apically convergent longitudinal lateral veins 
emerging in regular intervals from the prominent 
midvein and regularly connected by fi ne trans-
versal veinlets; palisade tissue lacking, meso-
phyll of irregularly arranged large and small 
cells. Stomata paracytic, with deeply sunken 
asymmetrical guard cells. Infl orescences are 
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terminal on short leafy branches of the stem; the 
partial infl orescences consist of sympodially 
connected 1-fl owered monochasial cymes sub-
tended by scalelike bracts; individual fl owers 
bisexual, strongly zygomorphic and superfi cially 
orchid-like, bracteate, malodorous. Perianth seg-
ments six in two cycles, outer segments subequal, 
narrow, basally connate into tube with linear-
lanceolate and pointed lobes, inner segments 
strongly dissimilar, the median (adaxial) one 
large and transformed into variously shaped 
labellum, the two lateral ones smaller and over-
lap the stamens. Stamens fi ve, the median (adax-
ial) one of the inner cycle (opposite the labellum) 
missing or sometimes staminodial; fi laments 
short; anthers with shortly subulate connective 
appendage. Style erect, slender, apically widens 
into 3-lobed, asymmetric, fl attened, marginally 
laciniate-fi mbriate stigmatic lobes. Stigma mono-
symmetric, dorsiventrally fl attened, the base part 
of adaxial side contain secretory tissue (viscid-
ium). Ovary has a solid apical extension, and with 
numerous ovules per locule. Fruits many-seeded 
elongate capsules with papery pericarp termi-
nated by a beak formed by the proximal part of 
the ovary extension. Seeds globose to pyriform, 
smooth or hairy, with a large lacerate aril and an 
operculum in front of the radicle. Testa vascular-
ized, exotesta and next two layers lignifi ed, 
endotesta of radially elongated sclereids; testa 
encrusted with phytomelan; perisperm slight 
(Wen et al. 1997). Embryo cylindrical, endosperm 
copious, with isodiametric starch grains, mostly 
only one cell layer thick and at the chalazal part 
several cell layers thick. n = 9. . . . 2. lowiaceae.
3 Flowers bisexual. Commonly very tall herbs 

with creeping sympodial rhizomes, nearly 
acaulescent or with slender, unbranched aerial 
stems. Roots with normal polyarch stele or 
with occasional internal phloem strands. 
Starch grains cylindrical or ellipsoidal but 
never fl attened. Laticifers lacking. Silica cells 
( stigmata) internal, adjacent to vascular bun-
dles, with unequally thickened walls, each 
including a small  rectangular silica body, each 
with a deep central depression. Vessels only in 
roots, with scalariform perforations. Leaves 
distichous, with long, basal sheath and petiole 
(sometimes indistinct or lacking). Stomata tet-

racytic or less often paracytic, with narrow 
deep subsidiary cells adjacent to guard cells. 
Flowers in  terminal fl attened thyrse consisting 
of distichously arranged, dense, monochasial 
cymes (cincinni), each one in the axil of large 
or rather small, usually brightly colored, 
keeled or more often boat-shaped bract; indi-
vidual fl owers subtended by carinate bracte-
oles, strongly zygomorphic. Perianth segments 
all petaloid, dissimilar, all fused mutually and 
with the fi lament bases to form a basal tube; 
above this the median posterior (adaxial) one 
of the outer cycle and the fi laments are dis-
tinct, whereas the other fi ve segments are fur-
ther connate into a 5-dented or 5-lobed, 
boat-shaped upper lip. Functional stamens 
fi ve, with the fi laments adnate to the tubular 
part of the perianth, the outer median stamen 
staminodial, inserted on the top of the perianth 
tube opposite the median sepal. Ovules soli-
tary in each locule. Fruits schizocarps with a 
rather thin pericarp splitting into (2)3 usually 
blue, fl eshy mericarps each of which contains 
a single seed. Seeds exarillate, with an opercu-
lum formed by the tissue of pericarp, whereas 
only the rudimentary operculum if any are 
formed by the outer integument (Plisko 1985); 
perisperm represented by thin aleurone-stor-
ing layer, but endosperm copious, starch- and 
oil-storing; embryo straight or curved. n = 11, 
12. . . . . . . . . . . . . . . . . . . .4. heliconiaceae.

3 Flowers unisexual. Large to gigantic herbs with 
short, massive underground rhizome. Root stele 
anomalous in possessing numerous scattered 
vessels and phloem islands, each phloem strand 
with several wide sieve tubes. Starch grains 
fl attened and eccentric. Articulated laticifers 
occur in association with vascular bundles in all 
parts except roots. Silica present in all parts 
except roots as small, more or less rectangular, 
troughlike bodies in cells (stigmata) with 
unevenly thickened walls. Vessels in roots, with 
scalariform and simple perforations. Leaves 
spirally arranged, with well-developed, coarse, 
tubular sheath and easily frayed lamina with 
coarse, compound midvein and closely set, par-
allel, slightly sigmoid lateral veins intercon-
nects by tertiary cross-veins and fusing near 
margin. Stomata  tetracytic. Flowers in terminal 
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thyrse which consists of spirally arranged lat-
eral dense and compact monochasial cymes 
(cincinni) each in the axil of large, fi rm, keeled 
or boat-shaped bracts; individual fl owers are 
subtended by hyaline, recurved bracts and uni-
sexual, either female (basally in thyrse), with 
nonfunctional stamens, or male (apically in 
thyrse), with nonfunctional gynoecium. 
Perianth segments petaloid, dissimilar, the three 
segments of outer cycle and two segments of 
the inner cycle united into usually 5-dented or 
5-lobed, initially tubular structure that soon 
splits on one side, the third (adaxial) segment of 
the inner cycle is distinct from the others and 
directed downward. Functional stamens 6 (most 
species of Ensete) or the median (adaxial) of 
the inner cycle missing. Ovary 3-locular, inferior; 
ovules 10–50 in each locule. Fruits berries. 
Seeds exarillate, with well-developed opercu-
lum and micropylar collar; peri-sperm repre-
sented by thin layer, but endosperm copious, 
starchy and mealy; embryo straight or slightly 
curved (Ensete). Alkaloids (indole), and fl a-
vonols (kaempferol and quercetin) present or 
absent, phenylphenalenones (cyanidin, or cya-
nidin and  delphinidin) present; n = 7, 9–14, 
16, 17.  . . . . . . . . . . . . . . . . . . . . 3. musaceae.

1 Functional stamen one.
4 Leaves distichous. Aromatic herbs. Cells con-

taining ethereal oils present in the parenchyma 
of all parts of the plant and very common in the 
abaxial leaf epidermis. Tannin cells in ground 
parenchyma are common in all parts. Silica 
commonly restricted to epidermis of lamina, 
either as silica sand or as solitary, irregularly 
spherical bodies. Starch grains often fl attened. 
Vessels chiefl y in roots and stems, with scalari-
form, or occasionally with simple perforations. 
Leaves have long open or rarely closed sheath, 
with or without ligule. Two sterile lateral sta-
mens of the inner cycle united to form the peta-
loid labellum: two lateral staminodia of the outer 
cycle petaloid or inconspicuous, fl anking the 
stamen or adnate to the labellum: the median 
anterior member of the outer cycle always 
reduced; anthers usually opening longitudinally, 
occasionally dehiscing by pores. Pollen grains 
inaperturate or rarely (Zingiber) 1-colpate; exine 
very thin, hardly resistant to acetolysis, but the 

intine well developed and lamellated. Septal 
nectaries (2, sometimes 3 or 1) of various shape 
present at the style base. Ovary at fi rst always 
3-locular but when fully developed either incom-
pletely 3-locular or 1-locular and with parietal 
or basal-parietal placentation; ovules numerous 
to many, anatropous or orthotropous. The chala-
zal chamber of the endosperm degenerates quite 
early, often as early as the two-celled stage. 
Fruits mostly loculicidally dehiscing capsules, 
sometimes indehiscent or fl eshy, berrylike. 
Seeds with thin, generally lobed or laciniate aril 
(except Caulokaempferia coenobiales) and are 
fi lled up by starchy perisperm (with mostly com-
pound starch grains) surrounding the thinner 
endosperm that may contain aleurone grains and 
sometimes also starch grains; chalazosperm 
poorly developed or absent; embryo straight 
(except in Alpinia), usually reaching the exten-
sion of the perisperm, rarely shorter; testa 
encrusted with phytomelan. Phenylpropanoids 
and related curcumins, ethereal oils present. n = 
8–21 and 25, mostly 12.  . . . 5. zingiberaceae.

4 Leaves spirally or four-ranked arranged. Non-
aromatic herbs with multicellular hairs. Oil and 
tannin cells lacking. Silica bodies stellate, druse-
shaped, restricted to internal cells next to vascu-
lar bundles. Starch grains not fl attened, often 
large and irregular. Vessels mainly in roots and 
stems, usually only with scalariform perfora-
tions. Leaves with short, closed tubular sheath; 
ligule present. Stomata paracytic or  tetracytic. 
Flowers solitary or in terminal or axillary infl o-
rescences, bracteate and sometimes bracteolate. 
Perianth segments with distinct calyx and 
corolla; calyx imbricate Fertile stamen often 
petaloid. All staminodia (2 of the inner cycle 
and 3 of the outer one) fused into a conspicuous 
labellum which is united with the basal part of 
the stamen into a papillate tube. Pollen grains 
very large, distinctly aperturate, 1–2-colpate, 
spiraperturate or 5–16-porate, resistant to ace-
tolysis. Ovary 3-locular (Costus) or 1–2-locular; 
ovules numerous per locule, anatropous The 
chalazal chamber of the endosperm is coeno-
cytic and remains at the time when the embryo is 
differentiated. Septal nectaries two, immersed in 
the apical part of the ovary. Fruits capsules 
dehiscing loculicidally or rarely explosively or 
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irregularly, occasionally indehiscent (nuts or 
achene-like). Seeds arillate, fi lled with strongly 
developed perisperm containing copious starch 
composed of simple concentric starch grains and 
well-developed chalazal tissue; endosperm is 
little developed and contains starch; embryo 
cylindrical, rather short, has a cotyledonary 
sheath and contains fat; testa encrusted with 
phytomelan. Benzoquinones and steroidal 
saponins present. n = 8, 9, 14. . . .6. costaceae.
5 Pollen grains spinulose. Perennial rhizoma-

tous herbs, sometimes up to 5 m tall. Stem and 
rhizome with conspicuous mucilage canals or 
cavities. Vessels only in root, with simple per-
forations, or roots without vessels. Starch 
grains fl attened. Leaves distichous to spirally 
arranged, with arching-convergent lateral 
veins and without pulvinus; the mesophyll 
containing calcium oxalate crystals. Stomata 
paracytic, tetracytic or hexacytic. Flower 
bisexual, in terminal spikes or in panicles 
(thyrses), usually composed of 2-fl owered cin-
cinni, pairs not enantiomorphic. Inner stamin-
odia petaloid. The single fertile stamen bearing 
only one half-anther; anther introrse, dispo-
rangiate, unilocular. Style fl at and fl eshy-peta-
loid, with terminal stigma. Ovary 3-locular; 
ovules 20–50 per locule, anatropous. Fruits 
warty capsules, opening by collapse of the 
pericarp. Seeds exotestal, exarillate, with 
starch, without operculum but with distinct 
germination slit and micropylar collar; 
perisperm without canals; embryo straight; 
endosperm consisting of a thin, starchy layer. 
Present cyanidin, fl avonols (kaempferol and 
quercetin), chelidonic acid and aromatic resin; 
n = 9. . . . . . . . . . . . . . . . . . . . .7. cannaceae.

5 Pollen grains psilate. Few-fl owered herbs, 
rosulate or with aerial stem of variable length, 
sometimes lianescent and highly-climbing, 
rarely epiphytic. Mucilage canals usually 
lacking (but present in Thalia). Vessels in 
stems and roots with simple or scalariform 
perforations. Starch grains ellipsoidal and 
slightly eccentric, rarely fl attened or angular. 
Leaves generally distichous, with arching 
lateral veins that fuse marginally, some of 
them at intervals being thicker than the oth-
ers; petiole with swollen pulvinus at or near 

the summit that controls the orientation of 
lamina. Flower pairs are in mirror image 
(enantiomorphic). The single fertile stamen 
with a pollen sac on one edge). Two inner 
staminodia (cucullate and  callous-thickened) 
modifi ed into structures for the explosive 
release of pollen. Septal nectaries present. 
Style not petaloid, often expanded and lobed 
at the summit, with lateral stigma in depres-
sion between lobes. Ovary 3-locular, but two 
often empty or absolete; ovules solitary in 
fertile locule, anatropous or anacampylotro-
pous Fruits commonly 1- to 3-seeded cap-
sules with dry to fl eshy pericarp, sometimes 
baccate or (Thalia) caryopsis-like. Seeds 
rather large, endotestal, usually with a basal 
aril (lacking or transformed into a pulp in 
indehiscent fruits) and with an operculum; 
testa encrusted with phytomelan; embryo 
horseshoe-shaped; perisperm with simple, 
laterally dilated or variously branched canals 
that originates during seed maturation by an 
intrusion of the chalazal tissue into the 
nucellus (Grootjen 1983). Proanthocyanidins 
(cyanidin) and fl avonols (kaempferol and 
quercetin) present or absent; n = 4–14, 21, 
23.  . . . . . . . . . . . . . . . . . . 8. marantaceae.

1. STRELITZIACEAE

Hutchinson 1934. 3/7. Tropical South America (Phe-
nakospermum), East coast of South Africa from Cape 
Province to Transvaal (Strelitzia), and Madagascar 
(Ravenala).

ravenaleae: Ravenala; strelitzieae: Phena-
kospermum, Strelitzia.

According to Tomlinson (1962, 1969), the Strelit-
ziaceae may be considered to represent the nearest 
approach to the ancestral stock from which the whole 
order Zingiberales s.1. has evolved. However, 
Strelitziaceae are a very heterobathmic group that 
combines some primitive characters (such as complete 
or nearly complete androecium) with some very 
advanced characters (such as very specialized perianth 
and inferior ovary). I agree with Kress (1990: 716) that 
“the arborescent nature of the Strelitziaceae is a derived 
character and not a primitive feature as (Tomlinson 
1962) suggested.”
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2. LOWIACEAE

Ridley 1924. 1/16. Southern China (Kwangtung prov-
ince and Hainan), Indochina, Malay Peninsula, 
Sumatra, Java, Borneo, and Brunei.

Orchidantha (Lowia).
A very distinct taxon characterized by many unique 

characters that isolate it from other zingiberids (see Kress 
1990). However, it defi nitely belong to the “banana 
group” of the Zingiberanae (Kress 1995) and has many 
common features with the Musaceae (including opercu-
late seeds) and especially with the Strelitziaceae ( including 
capsular fruits, arillate seeds and pollen grains resembling 
much of Ravenala) (Larsen 1998).

3. MUSACEAE

A. L. de Jussieu 1789. 3/60. Tropical Africa (from the 
Cameroon to Ethiopia and Transvaal), India, south-
eastern Asia, Malesia, New Guinea, northeastern 
Australia, and the Pacifi c Islands.

Musa, Ensete, Musella.

4. HELICONIACEAE

Nakai 1941. 1/200 +. Southern Central America and 
South America (especially northern parts of the Andes), 
with a few species in, Melanesia.

Heliconia.
Markedly differ from the related Musaceae in the 

absence or articulated laticifers, root anatomy, distic-
hous leaves, bisexual fl owers, adaxially placed median 
member of the outer cycle of the perianth, the presence 
of a single staminodium opposite the unpaired adaxial 
member of the outer cycle of perianth, plasmodial 
tapetum, and especially the unique type of the schizo-
carpous fruits.

5. ZINGIBERACEAE

Martynov 1820 (including Alpiniaceae Link 1821). 
53/1350. Madagascar, Mascarenes, Seychelles,  tropical 
and South Africa, southern, eastern, and Southeast 
Asia, Malesia, Pacifi c Islands, New Guinea, and north-
ern and eastern Australia (mainly Queensland), with 
some representatives in Neotropics. The center of 

diversity is in tropical Asia. Tamijia – Kalimantan, 
Siphonochilus – Africa and Madagascar.

Classifi cation after Kress, Prince and Williams 
(2002).

5.1 TAMIJIOIDEAE
1/1. Plants evergreen with fi brous rhizomes; ovary uni-
locular with parietal placentation. Plane of distichy of 
leaves perpendicular to rhizome. Lateral staminodes 
well developed and fused to labellum. – Tamijia.

5.2 SIPHONOCHILOIDEAE
1/15. Plants with seasonal dormancy period and fl eshy 
rhizomes; ovary trilocular with parietal placentation. 
Plane of distichy of leaves perpendicular to rhizome. 
Lateral staminodes well developed and fused to 
 labellum. – Siphonochilus.

5.3 ALPINIOIDEAE
Lateral staminodes reduced or absent. Plane of distichy 
of leaves perpendicular to rhizome. – alpinieae: Afra-
momum, Alpinia, Amomum, Autolandra, Cyphos-tig ma, 
Elettaria, Elettariopsis, Etlingera, Geocharis, 
Geostachys, Hornstedtia, Leptosolena, Paramomum, 
Plagiostachys, Renealmia, Vanover berghia; riedelieae: 
Burbidgea, Pleurantho dium, Riedelia, Siamanthus.

Insertae sedis: Siliquamomum (1, southern China, 
Indochina).

5.4 ZINGIBEROIDEAE
Plane of distichy of leaves parallel to rhizome. – 
 zingibereae: Boesenbergia, Camptandra, Cautleya, 
Cornukaempferia, Curcuma, Curcumorpha, Dis-
tichochlamys, Haniffi a, Haplochorema, Hedychium, 
Hitchenia, Kaempferia, Laosanthus, Nanochilus, 
Para cautleya, Parakaempferia, Pommereschea, Pyrgo-
phyllum, Rhynchanthus, Roscoea, Sca phochlamys, 
Smithatris, Stadiochilus, Stahlianthus, Zingiber; glob-
beae: Gagnepainia, Globba, Hemiorchis, Mantisia.

Insertae sedis: Caulokaempferia (10, Himalayas, 
Southeast Asia).

6. COSTACEAE

Nakai 1941. 4/120. The largest genus Costus (95) pan-
tropical, Monocostus (1, Peru) and Dimerocostus (3–5) 
neotropical, Tapeinochilus (18) in East Malesia to 
northeastern Australia.
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Costus, Dimerocostus, Monocostus, Tapeinochilos.
Close related to the Zingiberaceae.

7. CANNACEAE

A. L. de Jussieu 1789. 1/10-25. Tropical and subtropi-
cal regions of America, especially of western South 
America.

Canna.
Related to the Marantaceae. “Differences between 

the two families including the positioning of pollen on 
the ventral face in Cannaceae, the dorsal face in 
Marantaceae, indicate that both are different lineages” 
(Kubitzki 1998).

8. MARANTACEAE

R. Brown 1814. 31/550. Nearly pantropical, but espe-
cially numerous in tropical America and absent in 
Australia.

Phrynium, Ataenidia, Monophrynium, Phacelo-
phrynium, Stachyphrynium, Galathea, Sanblasia, Pleios-
tachya, Ischnosiphon, Monotagma, Donax, Schumanni-
anthus, Hypselodelphys, Trachyphrynium, Megaphrynium, 
Sarcophrynium, Maranta, Maran tochloa, Afrocalathea, 
Monophyllanthe, Koernickanthe, Myrosma, Saranthe, 
Hylaeanthe, Ctenanthe, Stromanthe, Halopegia, Thalia, 
Thaumato coccus, Cominsia, Haumania.
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Superorder COMMELIANAE

Order 25. COMMELINALES

Perennial or rarely annual, mostly terrestrial herbs with 
various types of underground storage organs, including 
rhizomes, root tubers or, rarely, bulbs. Raphides (cal-
cium oxalate crystals) are present in raphide sacs or 
raphide canals; silica bodies present in some genera of 
Commelinaceae and Hanguana. Vessels in roots, some-
times also in stems and leaves, with scalariform of sim-
ple perforations. Leaves alternate, spirally arranged or 
distichous, petiolate or sessile, basal or cauline, simple, 
entire, usually with parallel venation. Stomata usually 
tetracytic or paracytic. Flowers in various kinds or termi-
nal or axillary infl orescences, sometimes solitary, bisex-
ual or rarely unisexual, actinomorphic to zygomophic, 
usually 3-merous, bracteate or not. Perianth segments 
six in two cycles, rarely (Philydraceae) of four perianth 
segments. Stamens basically six in two cycles, rarely 
 stamen solitary (Philydraceae), or three stamens, with or 
without staminodia; fi laments free or basally connate, 
glabrous or sometimes pubescent; anthers basifi xed or 
dorsifi xed, introrse to extrorse, sometimes versatile, tet-
rasporangiate, usually opening longitudinally. Tapetum 
secretory, amoeboid. Microsporogenesis successive. 
Pollen grains generally 2-celled and 1- colpate, some-
times inaperturate. Gynoecium of three united carpels; 
style with capitate, 3-lobed stigma; ovary mostly 3-locu-
lar, superior or rarely inferior, with solitary to numerous 
ovules per locule. Ovules  anatropous, hemitropous, 
orthotropous, or rarely campylotropous, bitegmic, 
crassinucellate to tenuinucellate. Female gametophyte 
of Polygonum-type or rarely Allium-type. Fruits mostly 
loculicidal capsules, rarely indehiscent and than some-
times baccate. Seeds usually small, of various shapes 
and sculpturing, rarely arillate; embryo small, usually 
straight, well- differentiated to undifferentiated; 
endosperm copious, with starch grains and aleuron bod-
ies. Containing fl avonoids,  ferulic and diferulic acids.

Have many similarities with the Bromelianae as 
well as with the Zingiberanae. They are linked with the 
Bromelianae and Zingiberanae by such conspicuous 
synapomorphies as epiticular wax of the Strelitzia-
type, cell walls containing UV-fl uorescent compounds, 
and endosperm with copious starch (Dahlgren and 
Rasmussen 1983).
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Key to Families
1 Vessels in all organs. Perennial or sometimes 

annual, terrestrial or rarely epiphytic herbs with rhi-
zomes, root tubers or, rarely, bulbs. Roots fi brous or 
tuberous. Calcium oxalate crystals are present in 
raphide sacs forming articulated raphide-canals 
(lacking only in Cartonema). Contain silica bodies. 
Starch, when present in vegetative parts, consists of 
simple, excentric grains. Vessels usually in all 
organs, with simple perforations. Three-celled glan-
dular microhairs present in most genera. Leaves 
usually alternate, spirally arranged or distichous, 
simple, entire, commonly somewhat succulent, 
often narrowed into a false petiole, parallel-veined; 
leaf-sheath closed and well- defi ned. Stomata tetra-
cytic, hexacytic, or sometimes paracytic. Flowers in 
various kinds of terminal or axillary, basically 
cymose infl orescences, sometimes solitary, bisexual 
or sometimes polygamous, actinomorphic or more 
or less zygomorphic, 3-merous, without  nectaries. 
Perianth segments six in two distinct cycles. Sepals 
green or sometimes petaloid and colored, usually 
free, imbricate, generally similar. Petals ephemeral, 
free and sometimes clawed or occasionally basally 
connate, imbricate. Stamens basically six in two 
cycles, but often there are only three to one fertile 
stamens and two to four staminodia, rarely three or 
fewer fertile stamens without staminodia; fi laments 
slender, free or rarely basally connate, glabrous or 
some or all bearded with brightly colored long 
hairs; anthers basifi xed or dorsifi xed, sometimes 
versatile, introrse to extrorse, opening longitudi-
nally or rarely by apical pores or porelike slits. 
Tapetum amoeboid. Pollen grains generally 
2-celled, mostly 1-colpate, rarely with two addi-
tional apertures. Gynoecium of three united carpels; 
style with capitate, 3-lobed or penicillate stigma; 
ovary sessile or stipitate, 3-locular or rarely 2-locu-
lar (1  locule being underdeveloped or even sup-
pressed), with 1 to ca. 20 ovules per locule. Ovules 
anatropous,  hemitropous, orthotropous, or rarely 
campylotropous, crassinucellate to tenuinucellate, 
with or without parietal cell. Female gametophyte 
of Polygonum-type or rarely Allium-type. 
Endosperm nuclear. Fruits mostly loculicidal cap-
sules, rarely indehiscent and then sometimes bac-
cate. Seeds generally small, hard, of various shapes 
and sculpturing, rarely arillate; seed coat testal-teg-

mic, formed by endotesta and exotegmen and in 
some degree also endotegmen (Vyshenskaya 1985), 
with disclike or conic operculum (embryotega) cov-
ering the embryo and surrounded by a micropylar 
collar except in Cartonema, where it still can be 
identifi ed as a bump; endotesta silicifi ed; endosperm 
copious, starchy, contains compound starch grains 
and a small amount of aleurone; embryo small, 
straight, lateral, well differentiated except in 
Cartonema, situated at the opposite end to the hilum 
beneath the operculum. 6-hydroxyfl avonoids are 
present. n = 4 to 29.. . . . . . . . .2. commelinaceae.

1 Vessels only in roots and sometimes in stems.
2 Vessels with scalariform perforation

3 Ovules crassinucellate
4 Tapetum secretory, its cells 2–4-nucleate and 

always contain raphids. Perennial pubes-
cent herbs with rhizomes or corms and 
fi brous roots. Small glandular hairs and 
longer, uniseriate hairs often present. 
Tanniniferous cells and idioblasts with sty-
loids of calcium oxalate widespread in all 
organs, but silica bodies lacking in the veg-
etative parts. Vessels in roots and in stems 
(Schnaider and Carlquist 2005), with sca-
lariform perforations. Leaves sessile, unifa-
cial, ensiform to linear or terete, mostly 
basal, basal and lower cauline leaves distic-
hous, with well-developed sheath, the rest 
smaller and spirally arranged; venation par-
allel. Stomata paracytic, but in Helmholtzia 
and Orthothylax have two to four lateral 
and two less distinct polar subsidiary cells. 
Flowers in terminal simple or paniculately 
branched spikes, sessile in the axils of rather 
large spathaceous bracts, bisexual, strongly 
zygomorphic, 3-merous. Perianth petaloid, 
of four free or basally connate members; 
the large (adaxial) member, which is fre-
quently 3- or 2-cuspidate, consists of 
3 fused perianth segments – 2 segments of 
the outer cycle and the reduced median 
(adaxial) segment of the inner cycle; two 
other lateral segments of the inner cycle are 
very small, resemble staminodia, and are 
basally more or less adnate to the stamen; 
the large abaxial member of the perianth 
represents the only free segment of the 
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outer cycle (Hamann 1966, 1998, 1998). 
Stamen solitary, opposite the abaxial peri-
anth segment, corresponds to the median 
stamen of the outer cycle of the ancestral 
androecium which is otherwise suppressed; 
the inner cycle of stamens is always lack-
ing; fi lament strongly fl attened, inserted at 
the base of the perianth segment; anthers 
basifi xed to dorsifi xed, opening longitudi-
nally, straight and introrse, or curved 
(Phillydrella), or helically twisted 
(Philydrum). Tapetum secretory, its cells 
2–4-nucleate and always contain raphids. 
Pollen grains 2-celled, in monads or 
(Philydrum) tetragonal tetrads, 1-colpate, 
tectate-columellate, with distinctive lamel-
lae inside the homogeneous foot layer, 
reticulate; the aperture wall consists of a 
thick, 2-layered intine with exine absent or 
composed of scattered deposits (Simpson 
1985). Gynoecium of 3 united carpels; style 
persistent, with a capitate, slightly 3-lobed 
stigma; ovary superior, 3-locular or for the 
greater part 1-locular with deeply intruded 
and bibrachiate parietal placentas, with 
numerous ovules on each placenta. Septal 
nectaries or other nectariferous glands 
absent. Ovules anatropous, weakly crassi-
nucellate, with parietal cell. Female game-
tophyte of Polygonum-type. Endosperm 
formation of a peculiar subtype of the helo-
bial type, in which the small chalazal 
endosperm chamber becomes cellular ear-
lier than the large micropylar chamber; only 
the micropylar chamber serves as storage 
tissue (Hamann 1966, 1998, 1998). Fruits 
loculicidal capsules or rarely berrylike. 
Seeds small to minute, generally very 
numerous, reddish-brown, ellipsoidal to 
ovoid or linear-cylindrical, spirally striate-
tuberculate (Philydrum), reticulate-rugose 
(Philydrella) or silky-striate (Helmholtzia), 
with generally conspicuous red-colored 
chalazal cap and an operculum (later pushed 
off by the germinating embryo) formed by 
the micropylar region of both layers of the 
inner integument; seed coat testal-tegmic; 
endosperm copious, rich in starch (consist-

ing of large single grains), crystalline aleu-
ron bodies and also some oil; embryo small, 
linear, straight, weakly differentiated. 
Ferulic and diferulic acids present in the 
cell wall, also contain proanthocyanins. n = 
8, 16, 17. . . . . . . . . . . . . . 3. philydraceae

4 Tapetum amoeboid; cells 1–2-nucleare 
without raphids. Perennial or rarely 
(Hydrothrix) annual,  rhizomatous or stolo-
niferous, swamp or aquatic herbs ranging 
from amphibious through fl oating-leaved 
and free-fl oating to almost completely 
submerged.  Branch ing of the main axis 
usually sympodial. Trichomes are absent 
on vegetative organs. Tanniniferous idio-
blasts have been reported from the peti-
oles. Oxalate raphides are widely present 
and cells with one or two prismatic crys-
tals have been found in some genera. 
Vessels in roots and often also in stem, 
with scalariform perforations. Leaves both 
basal and cauline,  distichous or spiro-dis-
tichuous along stem, usually with consid-
erable sheath enveloping stem, with 
distinct and sometimes infl ated petiole and 
lanceolate to ovate or broadly cordate, 
rarely linear or even; fi liform undifferenti-
ated lamina, sometimes reduced. Stomata 
paracytic. Flowers in terminal racemes, 
spikes, or panicles or solitary, often sub-
tended by two spathelike bracts, bisexual, 
actinomorphic to zygomorphic, 3-merous, 
bracteate or not, sometimes  triheterostylous 
and with trimorphic pollen grains. Perianth 
of 6 (in Scholleropsis mostly 4) usually 
petaloid segments in two cycles, nearly 
free or more often basally connate into a 
tube. Stamens mostly six in two cycles or 
only three stamens (sometimes unequal), 
rarely (Scholleropsis) three stamens and 
one staminodium, or (Hydrothrix) only 
one stamen and two staminodia; fi laments 
slender, attached to the perianth tube; 
anthers basifi xed or peltate, opening longi-
tudinally and introrse or opening by apical 
pores. Tapetum amoeboid, cells 1–2-nucle-
ate. Pollen grains 2-celled or rarely 
3-celled, with 1–3 distal or subequatorial 
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colpi, exine verrucate, scabrate to fi nely 
reticulate. Gynoecium usually of three 
united carpels (in Pontederia pseudomono-
merous); style slender, with capitate or 
3-lobed stigma; ovary superior, mostly 
3-locular, with several or numerous ovules 
or less often (Pontederia) with one apical 
pendulous ovule. Septal nectaries mostly 
present. Ovules anatropous, crassinucel-
late, with parietal cell. Female gameto-
phyte of Polygonum-type. Endosperm 
helobial, with a small chalazal chamber 
where cell wall formation begins much 
earlier than in the large micropylar cham-
ber. Fruits many-seeded loculicidal cap-
sules or (Pontederia and Reussia) 1-seeded 
nutlets surrounded by postfl oral-modifi ed, 
hardened, rigid perianth bases. Seeds 
small, usually longitudinally furrowed, 
with relatively large,  cylindrical embryo 
surrounded by copious endosperm consist-
ing of elongate cells  containing starch and 
aleurone layer; cotyledon linear, bifacial; 
seed coat exotestal; exotestal cells box-
like, elongated, endotestal cells thin, elon-
gated  transversely; the inner one is 
 represented by strongly  compressed layer 
containing a reddish-brown  pigment. n = 
(7)8(-13). . . . . . . . . . 4. pontederiaceae

3 Ovules tenuinucellate. Robust perennial herbs 
growing in humid forests, lowland swamps or 
along slowly moving rivers and lakes (some-
times fl oating), with creeping rhizomes and 
long stolons arising from the base of the erect 
stems and forming dense colonies. Short multi-
cellular branched hairs common on stem and 
leaf of young plants, each with a deeply 
sunken, uniseriate base. Conspicuous tannin 
cells present. Vessels only in roots, with scalari-
form  perforations. Leaves rolled unilaterally in 
bud (ptyxis supervolute), mostly basal, spirally 
arranged, linear to lanceolate, acute, pseudo-
petiolate, with strong midrib, parallel longitudi-
nal veins are linked with numerous close-set 
thin cross veinlets, sheathing at base, usually 
with silica bodies; the sheat and petiolar region 
contain large mucilage channels. Stomata tetra-
cytic. Flowers small, in large terminal panicles 
composed of spike-like partial infl orescences, 

with broad, large bracts, dioecious, actinomor-
phic, 3-merous. Perianth segments six in two 
cycles, shortly connate at base, persistent, the 
inner cycle red-dotted, larger and vaulted. Male 
fl owers with rudimentary gynoecium which is 
surrounded by a lobed, disc-like structure 
Stamens six, inserted on the base of perianth 
segments; fi laments subulate with broader base; 
anthers small, basifi xed, tetrasporangiate, open-
ing longitudinally, introrse; female fl owers with 
six staminodia. Tapetum amoeboid, with a 
periplasmodium. Pollen grains more or less 
spheroidal, inaperturate, with thin, hyaline 
exine provided with small spinules. Gynoecium 
of three united carpels; ovary superior, 3-locu-
lar, with one ovule per locule; stigma subsessile 
or sessile, broadly 3-lobed. Characteristic 
mucilage-secreting hairs present within the 
ovary locule (Rudallet al. 1999). Ovules almost 
orthotropous, probably tenuinucellate, with 
funicular obturator. Fruits fl eshy thick-walled 
1–3-seeded drupes. Seeds bowl-shaped, meso-
endotestal, without phytomelan or phloba-
phene; endosperm copious, clearly divided into 
several (up to 7) separate segments which pos-
sibly are the remnants of nucellus (Nemirovich-
Danchenko 1985) and enclosed by a single 
peripheral later of aleurone cells, with simple 
and compound starch grains of various size and 
form (Nemirovich-Danchenko); embryo small, 
globose. n = 12, 18, and more than 45; chromo-
somes very small.. . . . . . . . 1. hanguanaceae

2 Vessels with simple or rarely scalariform 
 perforation. Perennial rhizomatous and stolonif-
erous or less often cormose to bulbous herbs 
mostly with various kinds of trichomes on both 
the vegetative and reproductive parts. Roots fas-
ciculate and fi brous, sometimes tuberous. Oxalate 
raphides present in all parts, but silica bodies 
lacking. Sieve-element plastids of form-P2c. 
Vessels usually only in roots but sometimes 
(Lachnanthes) also in stem, with simple or 
(Dilatris and Tribonanthes, Anigozanthos fl avi-
dus – Conostyl idaceae) scalariform perforations. 
Leaves mostly basal or subbasal, distichous, lan-
ceolate, narrowly linear or acicular, unifacial, 
sheathing at base, parallel-veined, sometimes 
(Barberetta and Wachendorfi a) plicate. Stomata 
paracytic. Flowers in terminal, generally cymose 
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infl orescences or solitary, pedicellate or  subsessile, 
bisexual, actinomorphic to strongly zygomorphic, 
3-merous, conspicuously hairy or glabrous. 
Perianth segments six, persistent, membranous to 
 coriaceous, either composed of three outer and 
three inner imbricate, free or basally connate 
 similar segments or (in Anigozanthos, Blancoa, 
and Conostylis) perianth connate into a short or 
long, straight or curved tube with six monocyclic 
and valvate lobes. Stamens six in two cycles or 
three opposite the inner perianth segments or 
(Pyrrorhiza) one opposite the inner anterior peri-
anth segment and two staminodia opposite the 
inner latero-posterior segments; fi laments free or 
adnate to perianth tube, equal or unequal in length 
and/or position; staminodia sometimes present; 
anthers generally oblong, tetrasporangiate, bas-
ifi xed to dorsifi xed, opening longitudinally, 
introrse, straight or  arcuate, sometimes with a con-
nective appendage. Tapetum amoeboid; radially 
oriented, lignifi ed cell wall thickenings occur in 
the endothecial and middle layer cells (Simpson 
1998b). Pollen grains 2-celled, with 1–3-layered 
atectate exine, 1-colpate or 2–8-porate. Gynoecium 
of three united carpels, all fertile or (Barberetta) 
only the posterior carpel fertile at maturity; style 
slender, straight to strongly curved to one side of 
the fl ower, with capitate or 3-lobed stigma; ovary 
superior to inferior, 3-locular or (Phlebocarya) 
basally 3- and apically 1-locular, with one to 
numerous ovules per carpel. Septal nectaries pres-
ent or rarely (as in Xiphidium) absent. Ovules ana-
tropous or orthotropous, crassinucellate, with 
parietal cell. Female gametophyte of Polygonum-
type. Endosperm helobial, with early cell forma-
tion in the chalazal chamber. Fruits loculicidal to 
apically poricidal capsule, sometimes indehiscent 
(in Macropidia dehiscing into three  single-seeded 
mericarps with a hard endocarp). Seeds of various 
shapes, glabrous or hairy; seed coat formed by 
both integuments, either predominantly by the 
outer integument (in Haemodoroideae) or mainly 
by the inner integument (Conostylidoideae); 
embryo globose to ovoid or kidney-shaped, lateral, 
in Conostylidoideae minute and undifferentiated, 
in Haemodoroideae larger and more differenti-
ated; endosperm copious,  differentiated into 
peripheral aleurone and lipid layer, in which cell 
walls store cellulose, and an inner layer containing 

simple or  compound starch grains. Flavones, fruc-
tans and arylphenalenones are present. The order 
is  chemically unique in possessing perinaphthe-
none  pigments which are responsible for the red 
coloration prominent in the roots and rootstocks of 
the Haemodoraceae s. str. Chelidonic acid widely 
 distributed in the order. Species of Wachendorfi a 
and Anigozanthos have cell wall-bound p-cou-
maric and diferulic acids.. . . 5. haemodoraceae

1. HANGUANACEAE

Airy Shaw 1965. 1/5 or more. Sri Lanka, Indochina, 
Malesia, Palau Islands, Australia.

Hanguana.
Bentham and Hooker (1883), Baillon (1892), Lotsy 

(1911), Hutchinson (1934, 1973) and many others 
included Hanguana in the Flagellariaceae. However, it 
differs markedly from the Flagellariaceae in many 
respects (Erdtman 1952; Smithson 1956; Tomlinson 
1969). Endlicher (1841) included Hanguana in 
Astelieae, which he considered “Genera Juncaceis 
affi nia,” and the affi nity to the Asteliaceae has been 
accepted by Dahlgren et al. (1985) and Takhtajan 
(1987). However, there are many important differences 
between Asteliaceae and Hanguanaceae, including tet-
racytic stomata, inaperturate pollen grains, presence of 
funicular obturator, bowl-shaped seeds, and peculiar 
segmented and starchy endosperm. According to 
Stevenson and Loconte (1995), and Rudall, Stevenson 
and Linder (1999) the Hanguanaceae are related to the 
Zingiberales. According to molecular data (Chase 
et al. 2005) Commelinaceae and Hanguanaceae are 
sister taxa. Both families contain silica bodies in leaves 
and ferulic acid in cell walls (Harris and Hartley 1980; 
Rudall and Caddick 1994).

2. COMMELINACEAE

Mirbel 1804 (including Cartonemataceae Pichon 
1946, Ephemeraceae Batsch 1802, Tradescantiaceae 
Salisbury 1807). 40/650. Tropical and subtropical 
regions, especially Africa, southern Asia, Mexico, and 
northern Central America with relatively few represen-
tatives in temperate parts of eastern Asia, southern 
North America, and Australia. Subfamily Cartone-
matoideae is confi ned to the Southern Hemisphere.
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Classifi cation after T.M. Evans, R. B. Faden, M. G. 
Simpson, and K. J. Sytsma (2000).

2.1 CARTONEMATOIDEAE
Stem collenchyma absent. Glandular microhairs lack-
ing. Raphide canals lacking or only next to the veins. 
Flowers actinomorphic – cartonemateae: Cartonema; 
triceratelleae: Triceratella.

2.2 COMMELINOIDEAE
Stem collenchyma present. Glandular microhairs 
nearly always present. Raphide canals present and 
mostly between the veins of the lamina. Flowers acti-
nomorphic to zygomorphic — tradescantieae: 
Palisota, Streptolirion, Spatholirion, Aetheolirion, 
Cyanotis (including Amischophacelus), Belosynapsis, 
Coleotrype, Porandra, Amischotolype, Dichorisandra, 
Siderasis, Geogenanthus, Cochliostema, Plowma-
nianthus, Thyrsanthemum, Gibasoides, Tinantia, 
Elasis, Matudanthus, Weldenia, Gibasis, Tradescantia, 
Callisia, Tripogandra, Sauvallea; commelineae: 
Stanfi eldiella, Floscopa, Buforrestia, Murdannia, 
Anthericopsis, Tricarpelema, Pseudoparis, Polyspatha, 
Dictyospermum, Pollia, Aneilema, Rhopalephora, 
Commelina.

3. PHILYDRACEAE

Link 1821. 4/5–6. Eastern and Southeast Asia, Guam, 
Andaman Islands, New Guinea, Australia (all 4 genera 
and 5 species occur in Australia).

Helmholtzia, Orthothylax, Philydrum, Philydrella.
Philydraceae are related to the Pontederiaceae. The 

common features of the Philydraceae and Pontederi-
aceae include the ovary position, embryology (embryo 
and endosperm in the ripe seed), vegetative anatomy 
( paracytic stomata, styloid crystal idioblasts, etc.) and 
similar proanthocyanins (see Hamann 1966, 1998).

4. PONTEDERIACEAE

C. Kunth 1816 (including Heterantheraceae J. Agardh 
1858, Unisemataceae Rafi nesque 1837). 9/33. Wide-
spread in tropics, with a few species extending into 
warm-temperate areas; the centre of diversity is tropical 
and subtropical America.

eichhornieae: Eichhornia, Monochoria; ponted-
erieae: Pontederia, Reussia; heteranthereeae: 
Heter anthera, Zosterella, Hydrothrix, Scholleropsis, 
Eurystemon.

Related to the Philydraceae, but even closer to the 
Haemodoraceae (see Dahlgren and Rasmussen 1983 
and Simpson 1987). According to Simpson (1987: 
113), the exine architecture of the non-tectate- 
columellate genera of the Pontederiaceae is strikingly 
similar (and presumably homologous) to that of mem-
bers of the family Haemodoraceae. The UV-fl uorescent 
ferulate in the cell walls, oxalate raphides and styloids, 
helobial endosperm with a diminutive chalazal cham-
ber and plasmodial tapetum suggest relationships with 
both the Philydraceae and Haemodoraceae (Cook 
1998). In addition the seedlings of the deriaceae is very 
similar to those of Philydraceae (Tillich 1995).

5. HAEMODORACEAE

R. Brown 1810 (including Conostylidaceae Takhtajan 
1987, Dilatridaceae M. Roemer 1840, Wachendorfi aceae 
W. Herbert 1837, Xiphidiaceae Dumortier 1829). 
14/10. Southern Africa, New Guinea, Australia, 
Tasmania, eastern and southeastern North America 
and Nova Scotia, and tropical America.

5.1 HAEMODOROIDEAE
Mostly with red coloration in roots and rootstocks. 
Distinctive tannin cells absent. Starch grains in 
 vegetative parts simple. Outer cycle of androecium 
lacking or (Schiekia) represented by two vestiges of 
outer cycle, inner cycle represented by three fertile 
stamens or (Pyrrorhiza) by one fertile stamen and 
two  staminodia. Pollen grains boat-shaped, colpate, 
heteropolar, with verrucate or (Schiekia) foveolate 
exine sculpturing. Ovary superior or inferior. n = 7, 
8, 12, 15, 19–21. – Haemodorum, Lachnanthes, 
Dilatris, Schiekia, Pyrrorhiza, Xiphidium, Barberetta, 
Wachendorfi a.

5.2 CONOSTYLIDOIDEAE
Roots and rootstocks without red coloration. Distinctive 
tanniniferous idioblasts present in various organs, 
especially in placental tissues. Starch grains in vegeta-
tive parts compound, but those in endosperm simple. In 
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Phlebocarya silica bodies are present. Stamens six; 
staminodia absent Pollen grains, with distinctive rugu-
late (brainlike) exine sculpturing and 2–8 circular 
apertures, either fusiform with two apertures 
(Anigozanthos, Blancoa, Conostylis spp., Macropidia), 
cylindric with two apertures (Phlebocarya), triangular 
with three apertures (Conostylis spp.), or globose with 
7–8 apertures. Ovary mostly inferior (semi-inferior in 
Blancoa). n = 4–8, 11, 14, 16, 21, 28 (mostly 6 or 8). – 
Phlebocarya, Tribonanthes, Conostylis, Blancoa, 
Anigozanthos, Macropidia.

Related to the Pontederiaceae (Dahlgren and 
Rasmussen 1983), which is supported by palynologi-
cal data (Simpson 1987, 1990, 1998), and to the 
Philydraceae, supported by such common features as 
ensiform leaves, paracytic stomata, the pubescent 
fl owering stems, features of helobial endosperm for-
mation and its starchy contents and plasmodial tape-
tum (Hamann 1998), and to both the Pontederiaceae 
and Philydraceae in possessing p-coumaric and difer-
ulic acids (Simpson 1998). In addition, members of 
Philydraceae and Conostylidoideae and most members 
of Pontederiaceae have tannin idioblasts scattered in 
various plant organs (Simpson 1998).
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Order 26. XYRIDALES

Perennial or annual herbs, terrestrial or rarely aquatic 
or epiphytic, stemless or caulescent, commonly rhi-
zomatous, rarely bulbous. Vessels in root and stem, or 
in all parts (Xyridaceae), with scalariform or more 
often with simple perforations. Leaves mostly all at the 
base, distichous or spirally arranged, usually with a 
sheath, sometimes ligulate, parallel-veined. Stomata 
paracytic, anomocytic, seldom tetracytic, hexacytic or 
with several subsidiary cells. Flowers solitary or in dif-
ferent type of infl orescences, sometimes much reduced, 
bisexual or sometimes (Eriocaulaceae, Hydatellaceae) 
unisexual, actinomorphic or zygomorphic, 3-merous, 
with or without nectaries. Perianth of six segments 
(rarely 4 – Eriopcaulaceae) in two cycles, differenti-
ated into calyx and corolla, rarely (Hydatellaceae) 
perianth lacking. Sepals usually free or basally 
 connate, imbricate or rarely valvate. Petals free or con-
nate, imbricate. Stamens 6 or reduced to 1–3 fertile, 
 sometimes staminodia present; fi laments short 
(Xyridaceae) or slender (Mayacaceae, Hydatellaceae), 
adnate to the petals or hypogynous. Anthers mostly 
tetrasporangiate and dithecal, or sometimes tetrathe-
cal, or seldom disporangiate and dithecal, basifi xed or 
(Eriocaulaceae) dorsifi xed, opening longitudinally 
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or by lateral slits (Hydatellaceae) or apical pores. 
Tapetum secretory. Microsporogenesis successive or 
(Rapateaceae) simultaneous. Pollen grains 2-celled 
or seldom 3-celled, 1-colpate or seldom inaperturate, 
3-aperturate, spiraperturate, 2-colpate, zonocolpate, 
trichotomocolpate, with a pair of short colpae in addi-
tion to the principal one or irregularly colpate, 
Gynoecium of three united carpels, seldom one or two 
carpels more or less reduced or even suppressed, with 
simple or lobed stigma. Placentation central or pari-
etal. Ovary superior, 1–3-locular, sometimes stipitate 
(Eriocaulaceae, Hydatellaceae). Ovules solitary to 
numerous in each locule, anatropous to hemitropous, 
orthotropous or campylotropous, bitegmic, crassinu-
cellate or tenuicellate. Female gametophyte of 
Polygonum- or Allium-type. Endosperm nuclear or 
helobial, rarely (Hydatellaceae) cellular. Fruits dehis-
cent (loculicidal or rarely septicidal capsules), some-
times indehiscent. Seeds small, sometimes with 
embryotega (Mayacaceae); endosperm usually copi-
ous, containing starch and often also protein, and 
 seldom – oil; embryo small, mostly indifferentiated. 
Flavonoids and anthraquinones, ferulic and diferulic 
acids present.

Related to the Commelinales and share a common 
origin from the commelinalean ancestor.

Key to Families
1 Stamens 6 or 2–3.

2 Flowers solitary or in different types of simple 
infl orescences, but not in globose or cylindrical 
heads.
3 Leaves mostly all at the base.

4 Leaf base symmetric, silica bodies lacking. 
Perennial or less often annual herbs, mostly 
of wet habitats (usually marshes, rarely 
aquatic), stemless or caulescent. Rootstocks 
commonly rhizomes, rarely bulbous. Roots 
fi brous, diffuse, mostly fi liform, less often 
fl eshy. Raphides are lacking, but small crys-
tals of calcium oxalate present. Vessels in 
all parts, with simple perforations often in 
oblique or very oblique end walls. Leaves 
mostly basal, distichous or less often spi-
rally arranged, ligulate or eligulate, with 
short, open sheath, narrow, fl at to terete, 
parallel-veined. Stomata paracytic or ano-
mocytic. Infl orescence usually an elongate 
or head-like spike, borne at the summit of a 

usually nude scape or rarely leafy stem. 
Individual fl owers small, bisexual, actino-
morphic to zygomorphic, 3- merous, with-
out nectaries, in the axils of stiff or 
coriaceous, spirally arranged, closely imbri-
cate bracts. Perianth of six segments in dis-
tinct two cycles,  differentiated into calyx 
and corolla; sepals usually free, imbricate, 
hyaline or chaffy-scarious, subequal or 
more often the outer (anterior) large, more 
or less enclosing the rest of fl ower, but 
pushed away by the development of corolla, 
sometimes more or less reduced or even 
obsolete, the lateral ones small, boat-
shaped, keeled; corolla colored, usually 
ephemeral, petals free or connate, some-
times to form a rather long, slender tube, 
imbricate. Fertile stamens only three and 
opposite petals in all genera (with the 
exception of one Xyris, which has 6), three 
stamens of the outer cycle staminodial or 
very rarely absent; fi laments short, adnate 
to the petals or hypogynous; anthers tetra-
sporangiate, basifi xed, often elongate, 
latrorse or introrse, opening longitudinally. 
Microsporogenesis successive. Pollen 
grains 2-celled or 3-celled, 1-colpate, 2-col-
pate, irregularly colpate or (Achlyphila, 
Abolboda, Aratitiyopea, and Orectanthe) 
inaperturate and intectate. Gynoecium of 3 
united carpels; style slender, with simple or 
3-lobed stigma, sometimes with 2–3 basal 
glandular appendages; ovary 3-locular to 
1-locular, with several or numerous or 
rarely only one ovule per locule or per pari-
etal placenta. Ovules anatropous, orthotro-
pous or weakly campylotropous, weakly 
crassinucellate, without parietal cell. 
Female gametophyte of Allium- or 
Polygonum-type. Endosperm nuclear or 
(Abolboda) helobial. Fruits small loculi-
cidal capsules enclosed by the persistent 
perianth. Seeds small, numerous, with 
strong longitudinal ridges and inner cross-
lines; seed coat formed by both integu-
ments, but only the tegmic layers, which are 
fi lled with a resinlike tanninlike substance, 
provide mechanical strength; endosperm 
copious, rich in aleurone,  compound starch 
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grains, and sometimes also fatty oils; 
embryo small, more or less lens-shaped, 
little differentiated, lying in the micropylar 
part. Anthraquinoses are present. n = 8?, 9, 
13, 14, 16, 17 (Xyris). . . . . 2. xyridaceae.

4 Leaf base asymmetric, epidermal cells con-
taining solitary or aggregated silica bodies. 
Perennial herbs often of wet habitats, rarely 
epiphytic, with short, thick, vertical or pros-
trate rhizome and short stem. Trichomes 
nonglandular uniseriate slime-producing 
hairs, mucilage cells present. Raphides and 
calcium oxalate crystals lacking. Vessels 
usually in root and stem, with scalariform 
(Saxofriedericioideae) or scalariform and 
simple perforations (Rapateoideae). Leaves 
crowded in basal rosette, unifacial or bifa-
cial, distichous or less often spirodistichu-
osly arranged, rarely petiolate, with folded 
open sheath at base, linear to lanceolate, 
often rather fi rm, parallel-veined; ligules 
rarely present. Stomata paracytic or less 
often tetracytic. Infl orescence axillary or ter-
minal, on leafl ess scapes, mostly with an 
involucre of one, two, or several large, coria-
ceous, basally broad bracts subtending the 
head or one-sided raceme of spikelets; each 
spikelet with a single terminal fl ower and 
several imbricate, spirally arranged sterile 
bracts beneath it; individual fl owers 3-mer-
ous, bisexual, actinomorphic or nearly so, 
with or without nectaries. Perianth segments 
six in two cycles strongly differentiated into 
calyx and corolla; sepals fi rm, hyaline at 
base, free or basally connate, imbricate; pet-
als ephemeral, usually ba-sally connate into 
a short or long tube with imbricate lobes. 
Stamens six in two cycles; fi laments com-
monly short, usually attached to the corolla 
tube and often basally connate; anthers tet-
rasporangiate, basifi xed, linear, usually very 
long, sometimes with short, apical connec-
tive appendage, dehiscing by four, two, or 
one apical or subapically lateral pores, 
extrorse or latrorse. Microsporogenesis 
simultaneous. Pollen grains 2-celled, oblong 
to elliptic, tectate-columellate, with a thick 
foot-layer and granular endexine, 1-colpate 
or rarely 2–3-colpate or zonocolpate. 

Gynoecium of three united carpels; style 
with punctiform or small, capitate and more 
or less papillate stigma; ovary 3-locular or 
rarely incompletely 3-locular, with one to 
several ovules per locule. Ovules anatropous, 
crassinucellate, sometimes with conspicuous 
funicular obturator, with parietal cell. Female 
gametophyte of Polygonum-type. Endosperm 
nuclear. Fruits septicidal capsules often with 
only one or two fertile locules. Seeds of dif-
ferent shape and sculpturing, with large hilar 
scar and a chalazal appendage (caruncle); 
seed coat endotestal- exotegmic, formed by 
the outer layer of the inner integument and 
the innermost of the outer one; endosperm 
copious, mealy, rich in simple starch grains 
and with a proteinaceous outer layer; 
embryo small, lenticular, undifferentiated, 
situated at the micropylar end, with fl at side 
appressed to endosperm. Accumulate a 
considerable amount of aluminium. n = 11 
(Maschalocephalus), 26. . .3. rapateaceae.

3 Leaves well distributed along the stem. Small 
perennial herbs of shallow fresh water or very 
wet habitats with adventitious roots. Raphides, 
calcium oxalate crystals, and silica lacking. 
Longitudinal septate air canals present in all 
vegetative organs. Vessels in root, stem and 
leaves, with long scalariform, indistinctly per-
forate end walls. Leaves spirally arranged, 
multiranked, not sheathing, commonly with 
bidentate apex, 1-veined. Stomata paracytic. 
Flowers solitary in the axils of sheathing 
bracts, bisexual, actinomorphic, 3-merous, 
without nectaries. Perianth segments six, free, 
in two distinct cycles; sepals green, valvate to 
subvalvate; petals white, imbricate, shortly 
clawed. Stamens three, represent the outer 
staminal cycle; fi laments slender, glabrous; 
anthers tetrasporangiate, basi-fi xed, opening 
by apical pores or porelike slits, sometimes by 
pores at the end of tubular apical appendage. 
Microsporogenesis successive. Pollen grains 
2-celled, 1-colpate, columellate, fi nely reticu-
late. Gynoecium of three united carpels; style 
fi liform, with capitate or shortly trifi d stigma; 
ovary 1-locular, with several ovules on each 
parietal placenta. Ovules orthotropous, tenuinu-
cellate; micropyle formed by both integuments, 
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the inner one closing over the nucellus to form 
a narrow endostome. Female gametophyte of 
Polygonum-type. Endosperm nuclear. Fruits 
loculicidal capsules. Seeds small, ovoid to 
globose, minutely beaked and scrobiculate; 
seed coat exotestal, mainly formed by the 
outer layer of the outer integument, the inner 
layer remaining undifferentiated; the inner 
layer of the inner integument is tanniniferous, 
the outer layer is squeezed fl at (Venturelli and 
Bouman 1986); the exotestal cells greatly 
increase in size, especially in radial direction 
and accumulate starch grains, the lateral and 
tangential walls become strongly thickened, 
are pitted and contain lignin; these exotestal 
cells can hold air and thus instrumental in 
keeping the mature seed afl oat for some time 
(Venturelli and Bouman 1986); the integu-
mentary layers in the micropylar region are 
transformed into a characteristic micropylar 
beak, which by many authors (including 
myself) are erroneously interpreted as an oper-
culum; it is formed by the inner layer of the 
outer integument, the outer layer of the inner 
integument and to a lesser extent also by the 
inner layer of the inner integument, all of which 
undergo an appreciable radial elongation to 
close the exo- and endostome; only the cells of 
the inner layer of the outer integument have 
slightly thickened walls (Venturelli and Bouman 
1986); the micropylar tissue probably disinte-
grates before germination and provides a chan-
nel for the emergence of the seedling (Hamann 
1961; Venturelli and Bouman 1986); endosperm 
copious, the cells of central endosperm are 
mainly fi lled with closely-packed simple starch 
grains, the outermost layer of the endosperm is 
present as an aleurone layer which stores spher-
ical protein bodies and lipids; embryo small, 
depressed-ovoid, undifferentiated, apical, lying 
opposite micropyle, with fl at side facing the 
endosperm, n = 8.  . . . . . . . . . 1. mayacaceae.

2 Infl orescence globose to cylindrical, dense, cen-
tripetally fl owering small heads (headlike spikes) 
borne on thin peduncles generally supplied with 
closed sheath at the base formed by a single leaf, 
or composed of many (up to more than 1,000) 
such heads: heads subtended by an involucre con-
sisting of more or less numerous, imbricate, vein-

less bracts different in size and shape from bracts 
subtending fl owers, although they connected by 
intermediates. Small (sometimes very small) to 
medium-sized perennial or rarely annual herbs of 
various types of habitats – poor sandy soils, 
marshy or boggy habitats, rivers, ponds, or tempo-
rarily fl ooded places, sometime even on rocks, 
adapted both to short dry periods and to submerged 
growth. Perennials with erect or horizontal, often 
thick rhizomes. Roots fi brous. Trichomes multi-
cellular, uniseriate, with smooth surface or 
glandular, terminal cell simple or bibranched 
(malpighiaceous). Raphides lacking, but calcium 
oxalate crystals and rarely also silica bodies pres-
ent. Vessels in all vegetative organs, with simple 
perforations in roots and simple and scalariform 
perforations in stems and leaves. Leaves  usually 
basal, spirally arranged or rarely distichous, com-
monly linear, parallel-veined, more or less grass-
like, distinctly or indistinctly sheathed at base. 
Stomata paracytic. Individual fl owers small or 
very small, numerous, sessile or shortly pedicil-
late, unisexual (monoecious or rarely dioecious) 
or very rarely bisexual, actinomorphic or slightly 
zygomorphic, 3-merous or less often 2-merous, 
without nectaries (except for the nectariferous 
glands within the tip of the petal in Eriocaulon 
and Mesanthemum). Perianth of six or four seg-
ments in two cycles, scarious, often white, dif-
fering in shape and texture but not clearly 
differentiated into calyx and corolla; outer seg-
ments membranous- hyaline, free or less often 
more or less connate, sometimes with basal tube 
or forming spathe; in male fl owers inner segments 
usually form 3- or 2-lobed tube, in female fl owers 
they are free, often very small or reduced to hairs. 
Stamens usually three or two, opposite the petals, 
or (Eriocaulon and Mesanthemum) six or four in 
two cycles, rarely (Syngonanthus amazonicus) 
solitary; fi laments free or rarely connate; anthers 
tetrasporangiate or rarely disporangiate, basifi xed 
or dorsifi xed, introrse, opening longitudinally. 
Microsporogenesis successive. Pollen grains usu-
ally 3-celled, spheroidal to ellipsoid, spirapertu-
rate, echinate to echinulate and may have spinulae 
of different size. Male fl owers often with pistillo-
dium. Gynoecium of three or two united carpels; 
style often appendaged, 2–3-lobed, the lobes often 
bifi d at the apex; ovary often stipitate, 3- or 2-loc-
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ular, with one ventral-apical, pendulous ovule per 
locule. Ovules orthotropous, tenuinucellate, with-
out parietal cell. Female fl owers with conspicuous 
staminodia (Rondo-nanthus) or with inconspicu-
ous staminodia or without staminodia. Female 
gametophyte of Polygonum-type. Endosperm 
nuclear. Fruits small, thin-walled loculicidal cap-
sules. Seeds small, ellipsoidal to subglobose; seed 
coat formed by both integuments, but the protect-
ing layer formed primarily by the inner epidermis 
of the inner integument; endosperm copious, 
mealy, rich in compound starch grains; embryo 
very small, lens-shaped or bell-shaped, undiffer-
entiated, situated at the micropylar end. Cell wall-
bound ferulic, p-coumaric, and/or diferulic acids 
present. n = 8, 9, 15, 20, 25.. .4. eriocaulaceae.

1 Stamen solitary. Very small aquatic or subaquatic, 
annual herbs with numerous unbranched roots and 
reduced vascular system. Stem very short, branch-
ing to form a leafy tuft, often with minute multicel-
lular hairs in leaf axils. Oxalate raphides and silica 
bodies lacking. Vessels in roots and stem, with sca-
lariform perforations. Leaves all basal, submerged 
and emergent, alternate, glabrous, linear to fi liform, 
lack a distinct sheath or ligules, 1-veined. Stomata 
anomocytic (Trithuria), in submerged species of 
Hydadella apparently lack stomata (Hamann 1998). 
Infl orescence terminal, sessile or scapose head with 
an involucrum of 1–4 pairs of opposite, membra-
nous, 1-veined bracts often forming an apparent 
whorl; fl owers numerous, minute, unisexual, lack-
ing perianth and bracteoles, hydrophilous or autog-
amous. Filaments fi liform; anthers tetrasporangiate, 
basifi xed, linear to elliptic, opening longitudinally 
by lateral slits. Pollen grains 2-celled, tectate-colu-
mellate, 1-colpate and spinulose (Trithuria) or with 
indistinct porelike aperture. Gynoecium monomer-
ous or more probably pseudo-monomerous (accord-
ing to Hamann, 1998, the three prominent ribs on 
the ovary wall in Trithuria and the 3-valved fruit in 
T. submersa indicate a basically 3-merous gynoe-
cium); stigma terminal, sessile, with 2–10 hairs, 
each a single row of distended cells; ovary superior, 
shortly stipitate, 1-locular, with one pendulous 
ovule. Ovules anatropous, crassinucellate or 
pseudocrassinucellate. Endosperm very probably 
cellular (Hamann 1998). Fruits small, non-fl eshy, 
dehiscent or indehiscent, 3-valvular capsules 
(Trithuria), or achenelike (Hydatlla). Seeds minute, 

ovoid, with an operculum formed by the apical cells 
of the inner layer of the inner integument; seed coat 
includes both testa and tegmen, but the protective 
layer represented by derivatives of the outer epider-
mis of the outer integument (seeds exotestal); most 
part of endosperm replaced by starchy perisperm, the 
rest of endosperm occupies small zone close to 
embryo and consists of a few cells devoid of starch; 
embryo minute, peripheral, lens-shaped, very weakly 
differentiated.  . . . . . . . . . . . . . . .5. hydatellaceae

1. MAYACACEAE

Kunth 1842. 1/4 or up to 10. Southeastern United 
States, West Indies, Central and South America, 1 
 species in Africa (Angola, Zaire, Zambia).

Mayaca.
They share more characters with the Xyridaceae. 

According to Stevenson (1983, 1998), Venturelli and 
Bouman (1986) and Johri et al. (1992), embryologi-
cally Mayacaceae resemble the Xyridaceae more than 
the Commelinaceae and can be placed near Xyridaceae. 
However they markedly differ from the Xyridaceae in 
aquatic habit, anatomy of vegetative organs, dispersed, 
1-veined leaves without distinct sheath, solitary fl owers, 
apically dehiscing anthers, pollen morphology.

2. XYRIDACEAE

C. Agardh 1823 (including Abolbodaceae Nakai 
1943). 5/325. Widespread in tropical and subtropical 
regions, especially of America, with relatively few 
species extending into temperate regions. All fi ve gen-
era have representatives on the Guiana Highlands, 
which might be the primary centre (Kral 1998).

Very close to the Mayacaceae and share a common 
origin from the commelinalean ancestor.

2.1 XYRIDOIDEAE
Leaves more or less clearly distichous, unifacial, often 
with an abrupt transition fro sheath to lamina. Petals 
commonly free, yellow. Pollen grains smooth and 
1-colpate (occasionally 2-colpate). Staminodia typi-
cally present and bifi d (lacking in Achlyphila). Styles 
symmetric and unappendaged. Ovary 1-locular or 
incompletely 3-locular, with parietal or free basal 
 placenta. – Achlyphila, Xyris.
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2.2 ABOLBODOIDEAE
Leaves polystichous, bifacial, without abrupt transi-
tion from sheath to lamina. Petals united, blue or white. 
Pollen grains spinulose and inaperturate. Staminodia 
reduced to fi laments or lacking. Styles mostly asym-
metric and appendaged. Ovary 3-locular, with axile 
placentas. – Abolboda, Orectanthe, Aratitiyopea.

3. RAPATEACEAE

Dumortier 1829. 16/80. Mainly tropical South 
America, especially Guyana Highlands, with one 
genus (Epidryos) extending into Panama and one 
monotypic genus (Maschalocephalus) in tropical West 
Africa (Sierra Leone and Liberia).

3.1 SAXOFRIDERICIOIDEAE
Carpels with several ovules, on axil or on septa. Seeds 
prismatic or pyramidal. – saxofridericeae: 
Saxofridericia, Phelpsiella, Stegolepis, Amphiphyllum, 
Marahuacaea, Epidryos; sphoenocephaleae: 
Kunhardtia, Guacamaya, Schoenocephalium.

3.2 RAPATEOIDEAE
Carpels with one ovule inserted at or near the base. 
Supernumerary antipodals are common. Seeds oval or 
oblong, with fl attened and papillate apical appendages. – 
RAPATEAE: Rapatea, Cephalostemon (including 
Duckea), Spathanthus; monotremeae: Monotrema, 
Potarophytum, Windsorina, Maschalocephalus.

A very heterobathmic family with relatively primi-
tive vessels in many genera (Carlquist 1966, 1969) 
and a rather specialized infl orescence and fl owers. 
The Rapateaceae are usually placed near the 
Xyridaceae (see Hallier 1912; Hutchinson 1934, 
1959, 1973; Engler’s Syllabus 1964; Takhtajan 1966, 
1980, 1987; Cronquist 1980, 1988; Dahlgren et al. 
1985; Thorne 1992a, b). However, there are many 
important differences, including asymmetric leaf 
bases, the presence of silica bodies in the epidermal 
cells and tannin- bearing cells, the peculiar chloren-
chyma cells, and the nature of the vascular core of the 
roots (Tomlinson 1969), poricidal dehiscence of 
anthers, pollen morphology, simultaneous microsporo-
genesis, as well as morphology of infl orescences, 
fruits, and seed ana-tomy, and accumulation of alumi-
num. Tiemann (1985) is of the opinion that the 
Rapateaceae should be placed closer to the Cyperaceae 

and Juncaceae to which they are related because of 
numerous common embryological features. Also in 
Tiemann’s opinion fl ower morphology and anatomy 
support a relationship with the Thurniaceae, which 
she considers a connecting link. However, the 
Rapateaceae differ markedly from the Juncales in 
their pollen grains and seed coat structure as well as 
in their perianth morphology and some  anatomical 
features. Many years ago Pilger (1930) and Smith 
(1934) suggested the relationship of the Rapateaceae 
with the Bromeliaceae. However, morphologically 
the Rapateaceae are nearer to the families of the 
Commelinanae, especially to the Xyridaceae.

4. ERIOCAULACEAE

Martynov 1820. 10/1000-1500. Mainly tropical 
regions, especially of America; a few species of 
Eriocaulon extend into temperate regions of Europe, 
eastern Asia and North America and most species 
Lachnocaulon occur in United States.

4.1 ERIOCAULOIDEAE
Submerged and fl oating, rarely terrestrial plants. Roots 
and leaves with aerenchyma. Petals free, with black 
tips; stamens adnate to the corolla. – Eriocaulon.

4.2 PAEPALANTHOIDEAE
Usually terrestrial plants. Petals often connate. Stylar 
appendages, stigmas commissural. – Rondonanthus, 
Mesan themum, Lachnocaulon, Syngonanthus, Philodice, 
Leiothrix, Tonina, Paepalanthus, Blastocaulon.

A distinct and rather advanced family that has some 
similarities with the Xyridaceae, including many veg-
etative characters, compact infl orescences, echinate 
pollen, and stylar appendages like those in some 
Xyridaceae. However, the Eriocaulaceae differ from 
the Xyridaceae in unique type of infl orescences, spi-
raperturate pollen grains, solitary orthotropous pendu-
lous ovule per locule, endotegmic seeds.

5. HYDATELLACEAE

Hamann 1976. 2/10. Temperate Australia and 
Tasmania, 1 species of Hydatella in New Zealand 
and 1 species of Trithuria in India.

Hydatella, Trithuria.
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A very specialized and isolated family which related 
to Xyridaceae and Mayacaceae (Bremer 2002; 
Soltis 2006).
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Order 27. DASYPOGONALES

Mainly xeromorphic, rhizomatous perennial herbs or 
shrubby or arborescent plants sometimes with second-
ary growth. Vessels in root, with simple or scalariform 
(Baxteria, Kingia) perforations. Raphides present or 
(Calectasiaceae) absent. Sieve-element plastids of 
P2c-type (Lomandraceae). Leaves small to large, alter-
nate, leathery or modifi ed into spines, linear or strap-
shaped, more or less V- or U-shaped in transection, 
often distichous or crowded in a rosette, rarely scat-
tered along the stem, usually with broad, often sheath-
ing base that persists after lamina falls or is burnt off. 
The mesophyll containing calcium oxalate crystals or 
without calcium oxalate crystals. Stomata anomocytic 
or (Baxteria) paracytic/tetracytic. Flowers in various 
kinds of infl orescences or solitary, bisexual or dioe-
cious, actinomorphic, 3-merous, bracteate. Perianth 
segments six in two cycles, mostly dry and gluma-
ceous, similar, more or less free or united basally or 
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(Calectasia) into a tube, persistent. Stamens six in two 
cycles, usually attached to base of perianth segments; 
anthers tetrasporangiate, basifi xed or (Dasypogon) 
dorsifi xed, opening longitudinally or by apical pores, 
introrse or rarely extrorse; the endothecial thickenings 
spiral, or girdling (Lomandra). Pollen grains mostly 
1-colpate and microreticulate or psilate or (Baxteria) 
the exine is divided into geometrically defi ned areas, a 
nearly unique type among fl owering plants (Chanda 
and Ghosh 1976; Clifford et al. 1998). Gynoecium of 
three united carpels; stylodia more or less completely 
connate; ovary superior or inferior, 3-locular or 
1-locular (Dasypogon), with 1 ovule per carpel, with 
or without septal nectaries. Ovules anatropous or rarely 
campylotropous, bitegmic, crassinucellate. Female 
gametophyte of Polygonum-type. Endosperm nuclear. 
Fruits dehiscent (capsules or capsular-indehiscent) or 
more often indehiscent, enclosed in persistent perianth. 
Seeds more or less globose or oblong, with pale yellow 
testa; seed coat formed predominantly by the outer 
integument; embryo lens-shaped and broad; endosperm 
copious, without starch, with a mealy, very thin-walled 
parenchyma (at least in Dasypogon). Testa without 
phytomelan. Cell wall-bound ferulic acid is present in 
all genera (Rudall and Caddick 1994); rarely (only in 
one species of Dasypogon) is present chelidonic acid; 
in Lomandra detected arthroquinones; n = 7, 8, 9.

A rather isolated group, which, according to Clifford 
et al. (1998), is possibly near the Rapateaceae; proba-
bly belong to the Commelinanae.

Key to Families
1 Anthers opening longitudinally.

2 Fruits capsules.
3 Fruits explosively dehiscent capsules; dehis-

cence septifragal, the valves also splitting into 
two valves, each half with the inner wall form-
ing a plate held under tension and springing 
upward to eject the seed. Perennial stemless 
herbs with short, thick rhizomes and thick 
roots. Vessels in roots, with scalariform perfo-
rations. Leaves crowded, linear, pungent, with 
sheathing bases. Flowers large, 7–8 cm long, 
solitary, terminal, sessile, surrounded by sev-
eral bracts, scented like rotten meat. Perianth 
segments free, almost similar, indurated, per-
sistent. Stamens six, attached to the bases of 
the perianth; anthers apiculate, introrse. Pollen 
grains of unique pantocolpate type: the surface 

divided by the apertures into geometrically 
defi ned areas; the aperture membrane formed 
by coarse pieces, the surface pattern of which 
is essentially the same as that of the interaper-
turate areas; it seems as if the ends of the colpi 
of pantocolpate grains are united to make a 
continuous aperture that encloses several 
zones of geometrical pattern; ornamentation 
microreticulate (Chanda and Ghosh 1976: 
538). Ovary 3-locular, with one erect ovule 
per locule; style subulate, more or less as long 
as perianth, with small 3-lobed stigma. Seeds 
globose. n = 7.. . . . . . . . . . 1. baxteriaceae.

3 Fruits loculicidal capsules, ovoid or trigonous. 
Perennial tufted herbs with generally short rhi-
zomes and wiry roots or (Lomandra) herbs or 
shrubs with thick, woody rhizomes with sec-
ondary thickening and fi brous roots. Stems 
elongated (erect or procumbent) or very short. 
Vessels only in roots with simple and scalari-
form perforations or (Acanthocarpus) also in 
leaves, with scalariform perforations. Leaves 
alternate, scleromorphic, perennial or 
(Xerolirion) deciduous, generally distichous 
or spirodistichuous, sheathing at base, linear, 
sometimes prickly or scarious. Stomata gener-
ally anomocytic, although paracytic and tetra-
cytic in some Lomandra species. Flowers in 
usually contracted cymose or racemose infl o-
rescences or solitary, subtended by single to 
several bracts, bisexual or (Lomandra and 
Xerolirion) unisexual and dioecious, usually 
pedicillate, pedicels articulated or (Xerolirion) 
not articulated. Perianth segments free or 
shortly united basally, fl eshy, petaloid or 
sometimes chartaceous, persistent. Stamens 
six in two cycles, more or less inserted on the 
perianth segments; anthers dorsifi xed. Seeds 
testal; present napthoquinones (Lomandra); 
n = 7, 8. . . . . . . . . . . . . . .2. lomandraceae.

2 Fruits indehiscent, within persistent perianth. 
Perennial herbs or secondary arborescent plants 
with short rhizome or stout caudex of fi brous pith 
surrounded by persistent packed leaf bases. 
Roots thick or fi brous. Stems sometimes (Kingia) 
with a cover of aerial roots penetrating the per-
sistent leaf bases. Vessels in roots, with scalari-
form (Kingia) or simple (Dasypogon) 
perforations. Leaves linear, imbricate at base, 
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sheathing. Infl orescence a globose head on ter-
minal peduncle bearing scattered bracts 
(Dasypogon) or axillary headlike, their pedun-
cles covered by imbricate sheathing bracts. 
Flowers small, sessile; perianth segments narrow 
and dry; outer segments free or (Dasypogon) 
united above the middle and thickened; inner 
segments free or almost free. Stamens inserted 
on perianth; anthers dorsifi xed, versatile 
(Dasypogon) or basifi xed, introrse (Kingia). 
Pollen grains 1-colpate, fi nely reticulate or punc-
tate. Gynoecium of three  carpels; style subulate, 
stigma small; ovary sessile, 3- locular, with one 
ovule per locule; style long, with punctiform 
stigma. Septal nectaries present as shallow basal 
grooves. n = 7.. . . . . . . . . .3. dasypogonaceae.

1 Anthers opening by two apical pores. Xeromor-
phic, rhizomatous perennial herbs, shrublets or 
shrubs, with wiry roots. Branches stiff, covered by 
old leaf sheaths or leaves. Vessels in roots, with 
simple perforations. Leaves alternate, small, linear 
or lanceolate, simple, entire, pungent, the base 
indurated and closely sheathing stem. Flowers 
bisexual, solitary, terminal on the ends of short 
branchlets, surrounded by many  scarious, small 
imbricate leaves. Perianth segments connate into a 
short tube, the lobes spreading, stiffl y scarious, 
lilac-blue or purple, variously pubescent  outside. 
Stamens six inserted at the throat of  perianth lobes, 
all equal to markedly unequal, free of one another. 
Anthers basifi xed, terminally dehiscing via pores 
to dehiscing via short slits. Pollen grains 1- colpate, 
reticulate. Gynoecium of three carpels; style long, 
slender, attenuate from the ovary, much longer 
than the ovary. Ovary 1-locular, with three basal, 
 anatropous ovules; style fi liform, with punctiform 
stigma. Septal nectaries absent. Fruits nuts, 
enclosed in persistent faded perianth. Seeds 
elongate, with thin membranous testa, n = 9.. . . . 
4. calectasiaceae.

1. BAXTERIACEAE

Takhtajan 1996. 1/1. Southwestern Australia.
Baxteria.
A rather isolated family characterized by very large 

solitary fl owers, unique type of multiaperturate pollen 
grains, and septifragal capsules.

2. LOMANDRACEAE

Lotsy 1911. 5/80 Australia, New Guinea, New Caledonia.
Lomandra, Romnalda, Chamaexeros, Xerolirion, 

Acanthocarpus.
Closely related to the Dasypogonaceae.

3. DASYPOGONACEAE

Dumortier 1829 (including Kingiaceae Endlicher 
1838). 2/4. Southwestern Australia.

Dasypogon, Kingia.

4. CALECTASIACEAE

Endlicher 1836. 1/3. Southwestern and southeastern 
Australia.

Calectasia.
Probably closely related to the Dasypogonaceae 

(both are characterized by large chalazosperm, see 
Rudall [1994]), but differ from them markedly in 
anthers opening by apical pores, and solitary fl owers on 
the ends of short branchlets.
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Superorder JUNCANAE

Order 28. JUNCALES

Perennial, often rhizomatous herbs or less often 
 annuals, rarely shrubs or lianas, mostly of wet habitats, 
rarely aquatic, very rarely (Prionium) rather large 
shrubby plants with hard persistent trunk (homologous 
to the rhizome of other genera) without secondary 
growth. Rhizomes underground, sympodial, some-
times tuberous, starchy. Stems commonly trigonous, 
rarely compressed, very rarely articulated, mostly 
solid, but sometimes hollow or transversely septate. 
Raphides absent, but silica bodies commonly present. 
Vessels usually in all vegetative organs, with scalari-
form or/and simple perforations. Leaves alternate, tris-
tichous or more rarely distichous or polystichous, basal 
or cauline, usually sheathing at base, sheats usually 
closed, sessile or rarely pseudopetiolate, mostly linear, 
parallel-veined, rarely reduced or absent; ligule pres-
ent or absent. Stomata paracytic or sometimes tetra-
cytic. Flowers small and inconspicuous, sessile in axils 
of spirally arranged or distichous bracts, forming 
spikes or spikelets that are sometimes solitary and ter-
minal, but usually arranged in secondary infl ores-
cences, bisexual or often unisexual (monoecious or 
very rarely dioecious). Perianth segments six (rarely 4) 
in two cycles, free, glumaceous or herbaceous, equal 
or subequal, sometimes replaced by bristles or numer-
ous hairs or lacking; perianth in some genera (such as 
Oreobolus) of six scales in two cycles but usually 
strongly reduced into bristles or hairs, or wanting. 

Stamens mostly three (1 medio-anterior, 2 lateral), less 
often reduced to two or one, rarely six or more, in two 
cycles, the inner cycle sometimes lacking; fi laments 
generally free from each other; anthers tetra-
sporangiate, basifi xed, introrse, opening longitudinally, 
often apiculate. Tapetum secretory. Microsporogenesis 
simultaneous. Pollen grains 3-celled, tectate- 
columellate, 1-porate or less often up to 7-porate, in 
monads (Mapanioideae) (Tarasevich 1986) or more 
often borne in cryptotetrads (the 4 microspores being 
retained within a common wall, but three of them soon 
degenerate so that at maturity pollen grain appears to 
be single), or (in Juncaceae and Thurneraceae) usually 
in tetrahedral tetrads that are surrounded by the com-
mon tetrad wall consisting of sporopollenin, atectate, 
with one reduced, poroid, distal aperture. Gynoecium 
of three or less often two, rarely four, united carpels; 
stylodia free or more often connate into short, linear 
style, often swollen at base, with three, two, or very 
rarely eight fi liform, linear, or lanceolate stigmatic 
branches. Ovary superior, 3-locular or less often 
1- locular, with one to many basal ovules per carpels. 
Ovules anatropous, bitegmic (outer integument very 
thin), crassinucellate, with parietal cell. Female game-
tophyte of Polygonum-type. Endosperm helobial or 
(Cyperaceae) nuclear. Fruits commonly trigonous, 
 lenticular or globose nuts, rarely drupelike, or three to 
many-seeded loculicidal capsules or sometimes cir-
cumscissile. Seeds small, free from the pericarp; seed 
coat testal-tegmic, thin and delicate, consists of two lay-
ers formed by outer epidermis of the outer integument 
and inner integument of the inner integument; embryo 
small, basal, usually more or less differentiated, sur-
rounded by abundant endosperm containing lipids, 
aleurone, and simple starch grains. Aleurones, fl avonoid 
sulphates, fl avone C-glycosides, kestose and isokestose 
storage oligosaccharides present. Chromosomes often 
with diffuse centromere. n = 3-13 +.

Related to the Commelinanae, and possibly to the 
Xyridales.

Key to Families
1 Plants without silica bodies. Annual or perennial 

rhizomatous or tuberous herbs or rarely shrubs (a 
few with woody trunks, esp. Prionium). Plants lack-
ing crystal oxalate raphides, but accumulated starch 
exclusively “pteridophyte type”. Vessels in roots, 
stems and leaves, with simple, or scalariform and 
simple perforations. Leaves evergreen, alternate, 
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nearly always tristichous, or rarely (Distichia) dis-
tichous, folded, or rolled, terete or fl at, leathery or 
membranous and sometimes reduced to membra-
nous sheaths; sessile, simple; Prionium has leaves 
in terminal rosette, linear, tapering, fl at or canalicu-
late, serrate. Stomata paracytic. Infl orescences ter-
minal or pseudolateral, compound, of open cymose 
panicles, or often congested and head- or spike-like, 
or fl owers sometimes solitary and terminal 
(Rostkovia, Marsippospermum) or lateral (Distichia, 
Oxychloe and Patosia). Flowers with one or more 
spathal bracts, bracteolate or ebracteolate, small, 
actinomorphic, bisexual or unisexual. Perianth seg-
ments six in two cycles, or rarely three, similar or 
sometimes very different in size, free, glumaceous. 
Stamens 6 or rarely 2–3; fi laments fi liform of fl at 
and widened at the base; anthers introrse or latrorse, 
appendages or  unappendaged. Pollen ulcerate with 
granular exine, in tetrahedral and cross tetrads. 
Ovary 1-locular or 3- locular; styles one or three, 
free of partially joined; stigmas two, brushlike. 
Ovules 3 (Luzula), or 7–100 per locule, ascending. 
Fruits mostly loculicidal capsules, but in Distichia, 
Oxychloe and Patosia less well defi ned and some-
times circumscissile (Baslev 1996). Seeds numerous 
or only three (Luzula), ovoid or rarely fusiform, glo-
bose or angular, not hispid, usually not pointed at 
ends, with (mucilaginous) exotesta and endotegmen; 
testa without phytomelan; embryo straight, small; 
endosperm starchy. Free fl avones  present (querce-
tin); n = 3–42, mostly 6, 12, 18, 24. 2. juncaceae.

1 Plants with silica bodies.
2 Ovary 3-locular. Large, tough herbs with large, 

subterranean rhizomes. Silica bodies spheroidal, 
present in some of the cells of parenchyma and 
epidermis. Vessels in roots, stems and leaves, 
mostly with scalariform perforations. Leaves all 
basal, alternate, fourranked, or tristichous, fl at or 
canaliculate, leathery, sessile, sheathing, simple, 
entire; leaf bundles in pairs above each other in a 
leaf transaction, the lower (and smaller) bundle of 
a pair with the phloem on top ( adaxial), facing the 
phloem of the upper bundle. Stomata paracytic, 
but sometimes some of them tetracytic. 
Infl orescences of one or more dense, racemose, 
globose to ellipsoid heads subtended by spread-
ing, leafy bracts on an otherwise leafl ess, bluntly 
triangular or quadrangular peduncle. Flowers 
bisexual, actinomorphic, small, with short, 

swollen, puberulous pedicles. Perianth segments 
six, free, similar, brown, spotted, persistent. 
Stamens six, in two cycles, adnate to the base of 
the perianth segments and free of one another; 
anthers introrse. Styles united and very short, 
attenuate from the ovary; stigmas three, elongate. 
Ovules 1–7 per locule, ascending, with a zig-zag 
micropyle, placentation basal. Fruits loculicidal 
capsules. Seeds spindle-shaped, hispid, subulate-
pointed at both ends; testa without phytomelan; 
embryo small, straight, cylindrical; endosperm 
copious, mealy, starchy.  . . . . . . 1. thurniaceae.

2 Ovary 1-locular. Small to tall perennial or annual 
herbs, rarely dwarf shrubs, or lianas, terrestrial 
or  helophytic, rarely aquatic; the perennials 
tufted, rhizomatous, stoloniferous, tuberous. 
Stems with solid internodes to with spongy 
internodes, or with hollow internodes. Vessels 
with scalariform, or simple, or scalariform and 
simple perforations. Sieve-element plastids of 
P-type. Leaves all basal or one to few cauline, 
rarely all cauline, alternate, distichous or tristic-
hous, rarely spiral; fl at or folded, sheathing, 
simple, entire, but commonly with prickle hairs. 
Infl orescences terminal, more rarely pseudola-
teral, very rarely reduced to a single spikelet. 
Flowers bracteate or ebracteate, bracteolate, 
usually small to minute, bisexual or (function-
ally) unisexual, and then spikelets bisexual or 
unisexual, rarely dioecious. Perianth segments 
vestigial (represented by bristles or hairs) and 
than 6, free, sometimes more or less sepaloid, or 
absent. Stamens usually 3 (1  medio-anterior, 2 
lateral), but sometimes reduced to 1–2 or 4–6, 
and even more numerous (to 22); fi laments some-
times strongly elongating after anthesis, rarely 
connate; anthers introrse or latrorse, appendaged 
or unappendaged. Gynoecium of 2, or 3(-4) 
 carpels; styles 2–3, free to partially joined; stig-
mas (1-)2, or 3(-15). Ovule solitary, basal, biteg-
mic, outer integument not contributing to the 
micropyle. Fruits achene-like or rarely drupa-
ceous. Seeds with thin testa (phytomelan lack-
ing), raphe and chalaza usually  conspicuous; 
embryo small, basal, surrounded by abundant 
mealy or oily endosperm. Alkaloids and proantho-
cyanidins present or absent; when present – cyani-
din and delphinidin; fl avonols present (quercetin) 
or absent; n = 5 or more.  . . . . . . . 3. cyperaceae
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1. THURNIACEAE

Engler 1907. 1/3. Tropical South America (Guyana 
Highlands and Brazil).

Thurnia.
Close related to the Juncaceae, but vessels mostly 

with scalariform perforations and silica bodies 
present.

2. JUNCACEAE

A.L de Jussieu 1789 (including Prioniaceae Munro et 
Linder 1998). 8/400-440. The genera Juncus and 
Luzula distributed mostly in the cold and temperate 
regions of the Northern Hemisphere, the rest in the 
Southern Hemisphere; Prionium – Cape Province of 
South Africa.

Marsippospermum, Rostkovia, Distichia, Patosia, 
Oxychloe, Luzula, Juncus, Prionium.

The taxonomic position of Oxychloe (7, Andes) is 
uncertain. Some authors prefer to place it in Cyperaceae 
(Plunkett et al. 1995; Thorne 2000), but morphological 
traits of Oxychloe are typically juncaceous (Drabkova 
et al. 2003). The genus Prionium starts apart in many 
characters, especially in its woody trunk and leaf anat-
omy (Cutler 1969; Munro and Linder 1997, 1998), but 
in fl oral morphology and pollen tetrads is juncaceous.

3. CYPERACEAE

A. L. de Jussieu 1789 (including Caricaceae Burnett 
1835, Elynaceae Reichenbach 1828, Kobresiaceae 
Gilly 1952, Mapaniaceae Shipunov 2003, Papyraceae 
Burnett 1835, Scirpaceae Batsch ex Borkhausen 1797). 
108/5300. Cosmopolitan, but mainly in cold and tem-
perate regions.

Classifi cation after P. Goetghebeur (1998).

3.1 MAPANIOIDEAE
Pollen grains in monads. Spike-lets cymose with one 
terminal female fl ower and several axillary male 
 fl owers. Intraspicular prophylls two, always opposite, 
scalelike or rarely saclike. – hypolytreae: Scirpo-
dendron, Hypolytrum, Principina, Mapania, Mapan-
iopsis, Paramapania, Diplasia; chrysitricheae: 
Capitularina, Exocarya, Chori zandra, Lepironia, 
Hellmuthia, Chrysitrix.

3.2 CYPEROIDEAE
Pollen grains in cryptomonads. Spikelets without 
 terminal fl ower, never prophyllate, many-fl owered. 
Flowers subtended by fl oral scale, generally bisexual. – 
scirpeae: Scirpus, Eriophorum, Phylloscirpus, Oreo-
bolopsis, Amphiscirpus, Trichophorum (including 
Baeothryon); fuireneae: Fuirena, Pseudoschoenus, 
Bolboschoenus, Actinoscirpus, Schoenoplectus; eleo-
charideae: Eleocharis, Egleria, Websteria; abild-
gaardieae: Fimbristylis, Dichostylis, Crosslandia, 
Bulbostylis, Abildgaardia, Nemum, Nelmesia; cypereae: 
Ficinia, Desmoschoenus, Isolepis, Scirpoides, Oxyca-
ryum, Kyllingiella, Androtrichum, Cyperus, Juncellus, 
Mariscus, Torulinum, Courtoisina, Remirea, Sphaero-
cyperus, Ascopholis, Alinula, Ascolepis, Pycreus, 
Queen slandiella, Kyllinga, Volkiella, Lipocarpha; 
dulichieae: Dulichium, Sumatroscirpus, Blysmus; 
schoeneae: Arthrostylis, Actinoschoenus, Tricho-
schoenus, Trachystylis, Rhynchospora, Pleuro stachys, 
Schoenus, Gymnoschoenus, Mesomelaena, Ptilothrix, 
Cyathochaeta, Oreobolus, Carpha, Trianoptiles, Tetraria, 
Cyathocoma, Neesenbeckia, Epischoenus, Costularia, 
Gahnia, Morelotia, Reedia, Evandra, Caustis, 
Cladium, Rhynchocladium, Macha erina, Lepido sperma, 
Tricostularia.

3.3 SCLERIOIDEAE
Spikelets with few glumes, one to few of which each 
subtend a strictly unisexual fl ower. A perianth often 
present. – cryptangieae: Lagenocarpus, Didymi-
andrum, Everardia, Cephalocarpus; trilepideae: 
Trilepis, Afrotrilepis, Coleochloa, Microdracoides; 
sclerieae: Scleria; bisboeckelereae: Becquerelia, 
Diplacrum, Bisboeckelera, Calyptrocarya. 

Insertae sedis: Exochogyne, Koyamaea.

3.4 CARICOIDEAE
Pollen grains in cryptomonads. Spikelets without ter-
minal fl ower, female fl owers subtended by strongly 
metamorphosed prophyll, which is bottle-shaped 
or spathaceous; fl owers always unisexual, without 
perianth. – Kobresia, Schoenoxiphium, Uncinia, 
Vesicarex, Carex, Cymophyllus.

Have many similarities with the Juncaceae (see espe-
cially Shah 1967; Simpson 1995). According to Simpson 
characters linking Juncaceae and Cyperaceae are the 
following: leaves usually tristichous, stomata usually 
paracytic, calcium oxalate raphides absent, chromo-
somes holocentric,  occurrence of postreductional 
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meiosis, perianth  segments bracteal, microsporogenesis 
simultaneous, developing pollen grains in tetrads, pol-
len grains ulcerate, embryogeny onagrad, presence of 
luteolin 5-methyl ether, and parasitism by similar rust 
and smut species. However, the Cyperaceae differ from 
the Juncaceae in the presence of silica bodies, 
Cyperaceae-type simultaneous microsporogenesis, 
nuclear endosperm development, pollen in pseudo-
monads, solitary ovule per locule, indehiscent fruits, 
presence of yellow aurone pigments and  fl avone tricin 
(Simpson 1995).

The Cyperaceae could either derived from some 
ancient juncalean ancestor or more probably had a 
common origin. It is important to note that according 
to Cheadle (1955) no species in the Juncaceae has ves-
sels quite primitive enough throughout the plant to per-
mit use of the Juncaceae as the source of the most 
primitive members of the Cyperaceae. Besides, the 
pollen grains of the Cyperaceae, especially those of 
Mapanioideae, are less specialized.
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Superorder POANAE

Order 29. TYPHALES

Perennial herbs of shallow-water and wet habitats, 
sometimes wholly submerse and fl oating, with creep-
ing, sympodial rhizomes rich in starch (starch grains 
pteridophyte-type). Raphide bundles are common, cal-
cium oxalate crystals present. Silica bodies sometimes 
present. Cells with mucilage common. Vessels in all 
vegetative organs, with scalariform perforations. 
Leaves alternate, distichous, with strongly sheathing 
base, long, linear, fl at or keeled, with parallel venation, 
possess a prominent system of aerenchymatous chan-
nels. Stomata paracytic. Flowers small or minute, 
numerous, basically 3-merius or 2-merous, unisexual, 
in compound, basally female and apically male race-
mose infl orescences consisting of complex globular 
heads or very dense cylindric spikes. Perianth of one 
to several inconspicuous, membranous scales or 
more or less numerous thin bristles. Stamens 1–8, 
mostly 3; fi laments free or often basally connate; 
anthers  tetrasporangiate, basifi xed, extrorse. Tapetum 
plasmodial. Microsporogenesis successive. Pollen 
grains 2-celled, free or in tetrads, tectate-columellate, 
1- porate (ulcerate), fi nely reticulate. Gynoecium 
mostly pseudomonomerous, in Typhaceae seemingly 
monomerous while in Sparganiaceae with one more or 
less adaxial fertile locule and one abaxial empty  
locule, but some have gynoecia with two or three  
fertile locules and correspondingly with two or 
three stigmatic branches; style short or long with 
shortly decurrent stigma; ovary superior, with one 
 pendulous ovule in the fertile locule (or fertile locules). 
Ovules anatropous, apotropous, bitegmic, crassinucel-
late, with  parietal cell. Female gametophyte of 
Polygonum-type. Endosperm helobial. Fruits small, 
dry, indehiscent or dorsally dehiscent. Seeds fi ll up the 
fruit locule, with thin, membranous seed coat, straight, 
cuneate or  fusiform, well-differentiated embryo, copi-
ous, mealy endosperm containing starch, aleurone, and 
small quantity of lipids, and thin perisperm containing 

starch, aleurone, and lipids (Sparganium) or only 
starch (Typha). The unlignifi ed cell walls contain 
bound ferulate. n = 15.

Taxonomic position is disputable. The order 
Typhales is enigmatic, having many automorphic fea-
tures, but few characters which links it clearly to other 
orders (Linder and Kellogg 1995). They are associated 
either with the commelinids or more traditionally with 
the Arales and Pandanales. They resemble the Arales in 
starchy rhizome, fl oral morphology of Sparganium, the 
abundance of crystal raphides, plasmodial tapetum, 
successive microsporogenesis, starchy endosperm 
(only in certain Araceae). Seeds of the Typhales have 
perisperm, like those of Pistiaceae and Acoraceae. 
Besides, Sparganium and Acorus share the same rust 
parasite, Uromices sparganii (Parmelee and Savile 
1954; Savile 1979). There are also many similarities to 
the Pandanales, including vessel characteristics (Wagner 
1977), close resemblances between the branching in 
Sparganium and that in Pandanus, and striking resem-
blances in the arrangement of fl owers (see Rendle 
1953). As Rendle points out, the infl orescence of 
Sparganium recalls that of Pandanus on a smaller scale. 
According to Müller-Doblies (1969), there is 
“die  frappierende Ahnlichkeit der kopfehenformigen 
Partialinfl oreszenzen von Sparganium mit jenen man-
cher Pandani (z. B. Pandanus sparganioides Bak.).” 
The affi nity between these two orders is supported also 
by cytological data (Sharma 1964; Malick and Sharma 
1966). In both of them n = 15. “Moreover, in the mor-
phology of the chromosomes too homogeneity is evi-
dent, all being characterized by very small chromosomes, 
with nearly identical types of restrictions. It is very dif-
fi cult to distinguish the three genera on the basis of 
their karyotypes as they look very similar to each other” 
(Sharma 1964). Therefore Sharma even suggests the 
inclusion of all of them under one order Pandanales. 
Chemical data also support the affi nity between 
Typhales and Pandanales. Both of them have caffeic 
and p-coumaric acids (Gibbs 1974), and in both of them 
similar fl avonoids, simple phenols, raphides, steroids, 
tannins, and triterpenoids (Radhakrishnaiah et al. 1984) 
are present. Finally, a close phylogenetic relationship 
between Typhales and Pandanales is supported by sero-
logical study (Bergner and Jensen 1989). However, 
Typhales are herbaceous, silica bodies sometimes pres-
ent, cells with mucilage absent, leaves not aggregated 
at the end of branches, distichous, with prominent sys-
tem of aerenchymatous channels compartimentized by 
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diaphragms, stomata paracytic, endosperm formation 
helobial (probably of particular type with small chala-
zal chamber), fruits dry, seed coat very reduced, seeds 
with perisperm and always rich in starch, and the unlig-
nifi ed cell walls are fl uorescent under UV and contain 
bound ferulic acid. In addition, the epicuticular wax is 
consistently of Strelitzia type. Dahlgren et al. (1985) 
place the Typhales in the vicinity of Pontederiaceae, 
Haemodoraceae and Philydraceae, but don’t exclude 
the possibility that they also come near the ancestors of 
Cyperales or Pandanales. According to Linder and 
Kellogg (1995) Typhales are the sister-group to Poales 
s. l. I agree with Kubitzki (1998: 459), that a close rela-
tionship to Poales s. l. (Poanae sensu mihi) at present is 
the best supported hypothesis.

Key to families
1 Infl orescence axillary, of dense globose units, each 

comprising twice-thrice-compound heads; the infl o-
rescence system basally female, apically male. 
March or aquatic perennial herbs. Leaves emergent 
and fl oating, alternate, distichous, sessile, sheathing 
simple, entire. Mesophyll sometimes containing 
mucilage cells (with raphides) and calcium oxalate 
crystals. Flowers bracteate (female fl owers) or 
ebrancheate (male fl owers), small. Floral receptacle 
developing an androphore. Perianth of the female 
fl owers of (1-)3–4(-6) small segments. Stamens 
(1-)3(-6). Gynoecium of 1–2 carpels, monomerous 
or syncarpous (and then pseudomonomerous, with 
one locule empty). Ovary 2-locular. Fruits 1-seeded, 
drupaceous or nucular, hydrochorous or endozoo-
chorous, sessile or nearly so; seeds starchy, epicarp 
consists of three layers: fi rm exocarp, spongy meso-
carp and thick and stony  endocarp; embryo small, 
endosperm oily. . . . . . . . . . . . . 1. sparganiaceae.

1 Infl orescence a terminal, dense, elongate, cylindri-
cal spike. Aquatic herbs; leaves emergent, alternate, 
leathery, sessile, sheathing, simple. Silica bodies 
present or absent. The mesophyll crystals raphides, 
or druses, or solitary-prismatic, or styloids. Perianth 
of the female fl owers mostly of numerous capillary 
bristles. Stamens (1-)3(-5); anthers appendaged 
(via apical projection of the connective). Gynoecium 
of one carpel. Fruits anemochorous, a follicle (but 
tiny and achene-like before dehiscence), long-stip-
itate, epicarp consists of two layers: thin exocarp of 
thin-walled cells and thin endocarp of thick-walled 
cells.  . . . . . . . . . . . . . . . . . . . . . . . .2. typhaceae.

1. SPARGANIACEAE

Hanin 1811. 1/14. Extratropical regions of the Northern 
Hemisphere, mountains of Sumatra and New Guinea, 
and southeastern Australia and New Zealand.

Sparganium.

2. TYPHACEAE

A. L. de Jussieu 1789. 1/10-15. Nearly cosmopolitan, 
but mainly in Eurasia and North America.

Typha (including Rohrbachia).
Very close to the Sparganiaceae. The differences 

between them are clearly related to the switch from 
hydrochory to anemochory (Kubitzki 1998).
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Order 30. RESTIONALES

Perennial or less often annual herbs, sometimes lianous, 
with solid or fi stulose stems. Silica bodies often pres-
ent. Oxalate raphides mostly present (absent in most 
Restionaceae and Centrolepidaceae). Vessels in roots 
and stems, with simple or scalariform  perforations. 
Leaves alternate, commonly distichous, entire, with 
open or closed sheath and narrow, parallel-veined 
 lamina that is sometimes reduced or suppressed. 
Stomata paracytic, of graminoid type. Flowers small 
and inconspicuous, in various kinds of infl orescences, 
often in spikelets, bisexual or more often unisexual, 
mostly 3-merous. Perianth small, membranous, in two 
cycles or in one cycle, sometimes lacking. Stamens 6 
in 2 cycles or 3(4) in 1 cycle, sometimes only 2 or 
even 1; anthers basifi xed to dorsifi xed, tetrasporangiate 
or less often disporangiate, latrorse or introrse, open-
ing longitudinally. Tapetum secretory. Microsporo-
genesis simultaneous (Flagellariaceae) or more often 
successive. Pollen grains 3-celled or less often 2-celled, 
tectate-columellate, 1-porate, often with annulate 
graminoid pore. Gynoecium commonly of three united 
carpels, less often two carpels; in Centrolepidaceae of 
one carpel; stylodia more or less connate into style; 
ovary superior, 3-locular or by reduction of one or two 
carpels 2-locular or even 1-locular, with one pendulous 
ovule per locule. Ovules orthotropous, bitegmic, 
crassinucellate (Flagellariaceae) or more often tenui-
nucellate, without parietal cell. Female gametophyte 
of Polygonum- or Allium-type. Endosperm nuclear. 
Fruits loculicidal capsules or nuts, in Flagellariaceae 

drupaceous. Seeds small, globose or ovoid, with or 
without operculum; seed coat formed by both integu-
ments; endosperm copious, starchy, with aleurone 
layer; embryo small, lens-shaped or obovate, weakly 
differentiated. Bound p-coumaric, ferulic and diferulic 
acids present. n = 6–13, 18, 19.

Related to the Typhales and Juncales and have a 
common origin from a commelinalean ancestors 
(Linder and Kellogg 1995).

Key to Families
1 Anthers disporangiate or rarely (Restionaceae 

p.p.) tetrasporangiate.
2 Stamens three; gynoecium generally of 3 carpels. 

Usually xeromorphic perennial herbs, tufted or 
with an elongate rhizome with overlapping scales, 
 glabrous or densely woolly with multicellular 
hairs. Stem with a continuous cylinder of scleren-
chyma ring inside the chlorenchyma. Silica bod-
ies present or absent; plants accumulated starch 
exclusively ‘pteridophyte type’. Vessels in stem 
with scalariform, or with simple and/or scalari-
form, or with simple perforations; in the rhizomes 
with exclusively simple perforations and in roots 
with scalariform perforations. Stems with solid or 
spongy, or hollow internodes. Leaves alternate, 
mostly distichous, usually reduced to an open 
sheath with scarcely any lamina, usually not ligu-
late, stipulate (in the form of membranous lobes at 
the tops of the sheath margins), or estipulate. 
Stomata, when present, paracytic. Flowers in spi-
cate or paniculate infl orescences, aggregated into 
spikelets subtended by a single bract or less often 
solitary and mostly are also subtended by bracte-
oles, unisexual, dioecious or rarely monoecious; 
in some species of Lepyrodia and in one species 
of Restio bisexual fl owers may occur. Perianth 
segments six in two series, rarely four in two 
cycles or only three or even absent. Stamens oppo-
site the inner perianth segments; fi laments some-
times connate into a column; anthers dorsifi xed, 
unilocular, introrse or latrorse, disponagiate or tet-
rasporangiate, appendaged or unappendages. 
Pollen grains 2-celled or 3-celled, scrobiculate, 
pores with annulus or without annulus. Staminodia 
present or absent. Pistillodia may be present in the 
male fl owers. Stylodia free or connate below, with 
elongate, papillate, or shortly plumose stigma on 
their inner sides; ovary 3- to 1-locular, sessile to 
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stipitate. Hypostase present. Ovules 1–3, tenui-
nucellate, rarely (Alexgeorgia) crassinucellate. 
Large starch bodies are surrounding polar nuclei. 
Female gametophyte of Polygonum-type. Fruits 
1–3-locular loculicidal capsules or small nuts. 
Seeds endotegmic, with copious, mealy, starchy 
endosperm capped by minute, lenticular or obo-
vate, weakly differentiated embryo. Contain fl a-
vonols (kaempferol, quercetin, and myricetin), 
 glycofl avones, and proanthcyanidins. n = 7, 8, 11, 
12, 13, 16, 20. . . . . . . . . . . . . . . 3. restionaceae.

2 Stamen one; gynoecium of one carpel. Small, 
tufted, annual or perennial and rhizomatous 
herbs of wet habitats. Raphides and silica bodies 
lacking. Multicellular, branched or unbranched 
fi lamentous hairs sometimes present. Roots usu-
ally without differentiated pericycle. Stems 
solid. Vessels with scalariform perforations in 
root, stems and leaves. Leaves alternate, basal or 
less often imbricately inserted along the stem, 
linear, lanceolate or setaceous, basally with dis-
tinct, membranous, open sheath. Flowers min-
ute, in highly reduced, terminal, compound, 
spikelike or headlike infl orescences subtended 
by one to several leafy bracts and bearing two to 
several distichous, glumelike bracts; each bract 
encloses a group of male fl owers or one to sev-
eral female fl owers, or, most frequently, one or 
more bisexual synanthia; each synanthium is a 
spikeletlike cyme of one or two male fl owers 
and one to several superposed or collateral 
female fl owers and often has one to three small, 
 hyaline bracts or bracteoles. Filaments fi liform, 
 glabrous; anthers 1-locular, dorsifi xed, versatile. 
Microsporogenesis successive. Pollen grains 
3-celled, tectate-granular, 1-porate (ulcerate), 
with poorly defi ned, aperturate margins, verru-
cate, tectum perforated by small punctae (scro-
biculi). Stylodium fi liform, with elongate, 
ventrally decurrent, papillate stigma; ovary 
superior, with one apical, pendulous ovule. 
Female gametophyte of Polygonum-type. Fruits 
small, membranous, 1-seeded, indehiscent 
(Aphelia) or more often dehiscing longitudinally 
on a dorsal side, which gives an appearance of 
paired valves in the fruiting pseudanthia of 
Gaimardia and Centrolepis (Cooke 1998); col-
lateral dehiscing fruits are generally united into 
a capsulelike collective fruit. Seeds small; seed 

coat rather thin, membranous, formed mainly by 
the inner epidermis of the inner integument, the 
outer integument being very thin; endosperm 
copious, mealy, rich in compound starch grains, 
without aleurone layer; embryo minute, weakly 
differentiated, globose, obconical, or bell-like, 
peripheral, lying on the micropylar side. 
n = 10–13.  . . . . . . . . . . .6. centrolepidaceae.

1 Anthers tetrasporangiate.
3 Perennial, high climbing lianas with solid stem 

arising from sympodial rhizomes, supported by 
means of long, coiled tendrils terminating the 
leaves and representing the extension of the 
thickened midrib. Leaf blades larger than sheaths 
and ending in a tendril. Silica bodies present. 
Scattered secretory cells present in leaf and stem. 
Vessels in leaves and stems, with scalariform and 
simple perforations. Leaves alternate, circinately 
enrolled in bud; lamina lanceolate, constricted 
at base; leaf sheaths closed. Flowers in more or 
less branched terminal panicles, bisexual or 
very rarely unisexual, bracteate. Perianth seg-
ments fi ve, in two cycles, free. Stamens six in 
two cycles, occasionally reduced to staminodia; 
fi laments very short; anthers sagittate basifi xed, 
latrorse. Microsporogenesis simultaneous. Pollen 
grains 2-celled. Cynoecium of three carpels; 
styles three, sometimes connate basally, free or 
partially joined. Ovary 2-locular, ovules one per 
locule, pendulous. Female gametophyte of 
Allium-type. Fruits fl eshy, red or black drupes. 
Seeds endotestal; embryo minute, lenticular; 
endosperm copious, starchy. Flavonoles (kae-
mpferol) present; alkaloids present or absent; 
n = 19. . . . . . . . . . . . . . . . 1. flagellariaceae.

3 Reed-like, coarse, unbranched, erect herbs to 5 m 
tall. Stems terete, hollow, arising from a short 
sympodial rhizomes, without scabrid margins, 
unbranched below the infl orescence. Silica bod-
ies and calcium oxalate crystals present. Secretory 
cells absent. Vessels in all vegetative organs, with 
scalariform and simple perforations. Leaves large 
(the lamina up to 1 m long), alternate, distichous, 
fl at, sessile, with tubular, open, sheathing bases, 
the mouths of sheaths with diminutive ligules, 
the lamina abruptly narrowed at base and articu-
lated to the sheath, long, conspicuously plicate, 
grasslike, bearing short prickly hairs and 
branched fi lamentous hairs. Flowers in long, 
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much branched terminal panicles, bisexual, brac-
teate and have caducous bracteoles. Perianth seg-
ments six, in two cycles, free to joined, sepaloid 
(bractlike), sometimes the outer members much 
larger, persistent. Stamens six; anthers basifi xed 
(safi ttate) latrorse. Pollen grains 3-celled. Ovary 
3-locular; styler branches or sessile stigmatic 
areas three; stigmas covered with short papillae. 
Ovules one per locule, pendulous. Fruits drupa-
ceous, red, yellow or black. Seeds with copious, 
mealy, starchy endosperm capped by minute, 
lenticular, undifferentiated, discoid embryo. 
n = 18. . . . . . . . . . . . . . . . . . 2. joinvilleaceae.
4 Monoecious plants with male and female 

fl owers together in the same spikelet. Stamens 
six or four. Perennial evergreen herbs with 
slender cylindrical solid photosynthetic stems 
arising from rhizomes. Silica  bodies (as silica 
sand) present in the culm mesophyll. Vessels 
in stems and in roots, with scalariform and 
simple perforations. Leaves reduced to 1–4 
tightly convoluted sheaths up to 10 cm long; 
sheath split to the base, usually with a mucro 
which may be developed into a small awn. 
Flowers in single- or several-fl owered spike-
lets aggregated into terminal conical or cylin-
drical dense spikelike heads, subtended by a 
glossy, dark brown or black, rigid, ovate bract 
longer than the fl ower, dorsiventrally fl attened. 
Perianth of six, unequal, glumaceous seg-
ments. Female fl owers with three staminodes. 
Stamens six or four; fi laments free, slender; 
anthers  basifi xed, tetrasporangiate, latrorse. 
Pollen grains annulate and with a plug; intera-
pertural wall smooth, and lacks scrobiculi. 
Pistillodia present. Gynoecium with 2-locular 
ovary; styles two, free, attenuate from the 
ovary,  apical; stigmas two; ovules one per loc-
ule, pendulous Female gametophyte tet-
rasporic, most similar to the Drusa-type. Fruits 
a 3-locular capsule or a nut. Seeds with minute 
embryo and copious endosperm. n = 32, 33 
and ca. 24. . . . . . . . . . . 5. ecdeiocoleaceae.

4 Dioecious plants; culms not striate or with 
 striations formed by narrow ridges of scleren-
chyma not be deep crypts; stamens three. 
Perennial herbs with solid or fi stulose stems 
arising from short, rhizomes, which covered 
with overlapping, glabous scales; stems simple 

or branched, sometimes very compressed. 
Vessels with scalariform perforations. Silica 
bodies lacking, but oxalate crystals occur in 
some species. Leaves linear to fi liform, later-
ally fl attened, equitant, with a small ligule at the 
transition to the open sheath. Flowers in few to 
many fl owers paniculate infl orescence with 
each branch subtended by elongated leafl ike 
bract, pedicellate or sessile, each with one or 
two short bracts. Perianth of six more or less 
similar and glumaceous segments in two cycles. 
Stamens three; fi laments free connate; anthers 
dorsifi xed, tetrasporangiate, latrorse. Pollen 
grains 3-celled, scrobiculate, pores annu-
late. Gynoecium of three carpels; style free, 
stigmas decurrent ovary 3-locular with solitary 
ovule per locule. Female gametophyte of 
Polygonum-type. Fruits 1-seeded angular cap-
sules dehiscing at the angles or nutlets. Seeds 
with minute, lenticular embryo and copious 
mealy, starchy endosperm. Flavonol  glycosides 
present. n = 11.. . . . . . . . . . 4. anarthriaceae

1. FLAGELLARIACEAE

Dumortier 1829. 1/4. Tropical Africa, Southeast Asia, 
Malesia, Micronesia, New Caledonia, northern 
Australia, and eastward to Samoa and Niue.

Flagellaria.

2. JOINVILLEACEAE

Tomlinson et A. C. Smith. 1970. 1/2. From western 
Malesia eastward to Samoa and Hawaii, but absent 
from southern and eastern Indonesia, New Guinea, and 
Australia.

Joinvillea.

3. RESTIONACEAE

R. Brown 1810 (including Elegiaceae Rafi nesque 1838, 
Hopkinsiaceae B. G. Briggs et L. A. S. Johnson 2000; 
Lyginiaceae B. G. Briggs et L. A. S. Johnson 
2000). 57/520. Tropical and South Africa, Madagascar, 
Southeast Asia, Malesia, New Guinea, Australia, 
Tasmania, New Zealand, and southern South America; 



Superorder POANAE 739

concentrated mostly in southwestern Africa and extra-
tropical regions of Australia and Tasmania.

Lyginia, Hopkinsia, Staberoha, Ischyrolepis, Elegia, 
Chondropetalum, Dovea, Askidiosperma, Platycaulos, 
Restio, Calopsis, Thamnochortus, Rhodocoma, Cerato-
caryum, Cannomois, Nevillea, Hydrophilus, Antho-
chortus (including Anthochortus), Mastersiella, 
Hypodiscus, Willdenowia, Lepyrodia, Sporadanthus, 
Calorophus, Winifredia, Empodisma, Coleocarya, 
Desmocladus, Harperia, Onychosepalum, Catacolea, 
Kulinia, Lepidobolus, Baloskion, Curingalia, Acion, 
Saropsis, Alexgeorgia, Chordifex, Dielsia, Eurychorda, 
Platychorda, Tremulina, Melanostachya, Cytogonid-
ium, Loxocarya (including Megalotheca), Taraxis, 
Tyrbastes, Pseudoloxocarya, Leptocarpus, Hypolaena, 
Meeboldina, Stenotalis, Chaetanthus, Dapsilanthus, 
Apodasmia, Pseudoloxocarya.

4. ANARTHRIACEAE

D. F. Cutler et Airy Shaw 1965. 1/7. Southwestern 
Australia.

Anarthria.
Closely related to the Restionaceae, differing 

mainly in the culm anatomy.

5. ECDEIOCOLEACEAE

D. F. Cutler et Airy Shaw 1965. 2/2. Southwestern 
Australia.

Ecdeiocolea, Georgeantha.

6. CENTROLEPIDACEAE

Endlicher 1836. 4/35. Southern China (Hainan), 
Southeast Asia, Malesia, New Guinea, Australia, 
Tasmania, New Zealand, and subantarctic South 
America (Tierra del Fuego and Falkland Islands).

Centrolepis (including Pseudalepyrum), Aphelia, 
Brizula, Gaimardia.

Closely related to the Restionaceae, but differ from 
them markedly in very reduced and specialized infl o-
rescence with unisexual fl owers clustered into synan-
thia, minute and perianthless fl owers, male fl owers 
usually with one stamen, disporangiate anthers, 
“ centrolepidoid” pollen grains, and monocarpellate 

gynoecium. Also in most species of all genera except 
Gaimardia, they have an unusual type of epidermal 
cell arrangement whereby one cell overlaps the end of 
the next in a fi le (a unique feature in monocotyledons), 
they have no pericycle in the root, and their root hairs 
arise in an abnormal fashion from one side of root epi-
dermal cells (Cutler 1969: 96). Already Dahlgren 
(1975) proposed a separate order Centrolepidales 
although in his later publications he included the 
Centrolepidaceae in the Restionales. Linder and 
Ferguson (1985: 75) suggested that the Centrolepidaceae 
be excluded from the orders Restionales and Poales. 
According to Hamann (1975), the Centrolepidaceae 
could have a neotenous origin from the Restionaceae.
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Order 31. POALES

Perennial or less often annual or biennial herbs or with 
more or less woody stems. Raphides and crystals of 
calcium oxalate lacking, but silica bodies present. 
Internodes solid or more often hollow. Vessels com-
monly in all vegetative organs, with simple or some-
times scalariform perforations. Sieve-element plastids 
of P2c-type (Behnke 2002). Leaves alternate, distic-
hous, differentiated into open or rarely closed sheath 
and usually narrow and elongate, but in some tropical 
members broad and in Phyllorachis even sagittate, in 
many Bambusoideae with more or less distinct petiole 
(up to 25 cm in Anomochloa); venation parallel or 
rarely (Leptaspis and Pharus) with pinnately disposed 
lateral veins; a membranous ligule generally present at 
the juncture of the sheath and lamina on the adaxial 
side, sometimes reduced or represented by a row of 
hairs or even wholly suppressed. Stomata paracytic, 
with dumbbell-shaped guard cells. Flowers small, very 
reduced, bisexual or sometimes unisexual (monoe-
cious or dioecious), arranged in panicles or sometimes 
in spikelike or racemelike infl orescences, which con-
sist of one to to many-fl owered spikelets; spikelets 
usually with a pair of subopposite bracts lacking axil-
lary fl owers (subtending glumes) and one to several 
fl orets often on more or less zigzag axis (rachilla); 
each fl oral axis arises in the axil of a bract (lemma) and 
usually bears a two-keeled prophyll (palea), (1)2 or 
(Stipa and Bambusoideae) 3 much smaller and incon-
spicuous scales (lodicules) above these, and the 
androecium and gynoecium; upper (adaxial) scale 
(palea) typically has 2 main veins and interpreted as 
2 connate segments of the outer cycle of the ancestral 
3-merous perianth (Čelakovsky 1889), the third seg-
ment nearly always suppressed; lodicules, which 
sometimes, as in Arundinaria, are relatively large and 
well developed, apparently represent the inner cycle of 
the ancestral perianth (Čelakovsky 1889; Butzin 1965). 
Stamens in many Bambusoideae six in two cycles, but 
mostly three, less often one, two, four, or (in some 
Bambusoideae) more than six; fi laments elongate, fi li-
form; anthers tetrasporangiate, elongate, basifi xed but 
deeply sagittate so as to appear versatile, opening 
 longitudinally. Tapetum secretory. Microsporogenesis 
successive. Pollen grains 3-celled, tectate-columellate 
with a thick foot-layer, 1-porate, operculate, annulate, 
psilate, spinulose or minutely scabrate. Gynoecium 
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pseudomonomerous, consists of two or (Bambusoideae) 
three carpels; stylodia free or more or less connate into 
a short style; ovary superior, 1-locular, with one ovule 
attached to the wall. Ovules anatropous, hemitropous, 
campylotropous, or orthotropous, bitegmic or rarely 
(e.g., in Melocanna) unitegmic, crassinucellate, with-
out parietal cell. Female gametophyte of Polygonum-
type. Endosperm nuclear. Fruits mostly a caryopsis 
with a thin pericarp usually adhering to the seed or 
sometimes (Crypsis, Sporobolus, Eleusine) utricle-like 
with a free, membranous or gelatinous pericarp, rarely 
nutlike (some members of the Bambusoideae) or bac-
cate (Melocanna baccifera). Seeds with copious, 
starchy endosperm usually with proteinaceous tissue 
and sometimes also oily, rarely (Melocanna and related 
genera) lacking; embryo straight, varying in size from 
very small (Festuceae and most of temperate tribes) to 
as long as the fruit (Spartina, etc.), placed on the abax-
ial side of the fruit, strongly differentiated and more or 
less completely enveloped by the edges of cylindrical 
coleoptile (the fi rst leaf modifi ed as a soil-penetrating 
sheath for the plumule), radicle enclosed in coleorhiza 
(interpreted by Brown [1965] as the remainder of the 
base of the proembryo) and well-developed and 
strongly modifi ed cotyledon (scutellum) appressed to 
the endosperm, n = 2–23 +.

A rather distinct order characterized by unique 
spikelets, fi ne channels in tectum, and especially by 
its highly differentiated and specialized embryo 
unique among monocotyledons. The Poales are 
closely related to and derived from the Restionales, 
most probably from some extinct ancestor of the type 
of the living genus Joinvillea. Hallier (1902, 1912) 
included grasses in Enantioblastae and placed them 
between Flagellariaceae and Restionaceae, and 
Wettstein (1908, 1935) derived them from 
Enantioblastae. Various morphological, anatomical, 
palynological, and embryological studies confi rm the 
close affi nity between Poales and Restionales. 
According to Campbell and Kellogg (1987) and 
Rudall et al. (2005), Joinvilleaceae and Poaceae are 
sister groups based on such a strong and in angio-
sperms unique synapomorphy as large, solitary silica 
bodies in epidermal short cells, and in reproductive 
structures. Besides, there are such common features 
as the ligules, distichy, open leaf sheath, hollow inter-
nodes, vessel perforations, 3-celled pollen grains, 
exine structure, morphology of integuments, binucle-
ate antipodal cells, seed anatomy, Asterad-type of 

embryogenesis. Relationships are especially close 
between Joinvillea and archaic grasses, such as 
Streptochaeta. I therefore agree with Campbell and 
Kellogg (1987: 218) that the synapomorphy uniting 
the Poaceae and Joinvilleaceae is more convincing 
than that linking the grasses to the Restionaceae.

1. POACEAE

Barnhart 1895 or Gramineae A.L. de Jussieu 1789 
(nom. altern.). (including Aegilopaceae Martynov 
1820, Agrostidaceae Burnett 1835, Alopecuraceae 
Martynov 1820, Andropogonaceae Martynov 1820, 
Anomochloaceae Nakai 1943, Arundinaceae 
Hochstetter 1850, Arundinellaceae Herter 1940, 
Avenaceae Martynov 1820, Bambusaceae Burnett 
1835, Chloridaceae Herter 1940, Eragrostidaceae 
Herter 1940, Festucaceae Sprengel 1825, Hordeaceae 
Burnett 1835, Lepturaceae Herter 1940, Melicaceae 
Martynov 1820, Miliaceae Burnett 1835, Narda-
ceae Martynov 1820, Oryzaceae Burnett 1835, 
Panicaceae Voight 1845, Pappophoraceae Herter 1940, 
Parianaceae Nakai 1943, Phalaridaceae Burnett 1835, 
Pharaceae Herter 1940, Saccharaceae Martynov 1820, 
Spartinaceae Burnett 1835, Stipaceae Burnett 1835, 
Streptochaetaceae Nakai 1943, Triticaceae Hochstetter 
1848, Zeaceae Kerner 1891). 670-850/10500-11000. 
Cosmopolitan.

1.1 ANOMOCHLOOIDEAE
Perennial, rhizomatous, herbaceous grasses. Leaves 
with either a distichous or spiral phyllotaxis; outer 
ligule absent; inner ligule a short fringe of cilia or 
absent, not membranous; pseudopetioles short to very 
long, with dark, turgid swellings at both ends or only at 
the summit; blades with parallel venation. Infl orescences 
terminal, stalked, spike-like, erect when young, but 
arching and drooping at maturity, with complicated 
branching patterns; the bracts within the spikelet 
equivalents with distichous or spiral phyllotaxis; lodi-
cules absent or replaced by a ring of short brownish 
cilia borne on a low membranous ring; stamens 4–6; 
ovary glabrous, stigmas 1–3, hispid. Fruit a caryopsis, 
large, fusoid to oblong-rectangular, embryo large, the 
hilum linear, shallow and inconspicuous; endosperm 
mealy. n = 12 or 18 (Clark and Judziewicz 1996). – 
streptochaeteae: Streptochaeta; anomochloeae: 
Anomochloa.
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1.2 PHAROIDEAE
Perennial, rhizomatous, monoecious, herbaceous 
grasses. Rhizomes sympodial. Culms hollow or solid. 
Leaves distichous, the pseudopetiole prominent and 
twisted, the blade resupinate; outer ligule absent, the 
inner ligule present, membranous; blades with lateral 
nerves diverging obliquely from the midnerve and 
 running straight to the margins. Infl orescence terminal, 
open, paniculate, the rachis and branches disarticulating 
or not, covered with uncinate macrohairs, bracts outside 
of the spikelets absent. Spikelets unisexual, one- 
fl owered, mostly in male-female pairs on short branch-
lets, or some female spikelets solitary. Female spikelets 
large, short-pedicelled; glumes two, shorter than the 
 fl oret; lemma indurate, tubular or infl ated, covered 
wholly or in part by macrohairs; palea narrow, bicari-
nate;  lodicules absent; ovary glabrous, style one,  stigmas 
three. Fruit a caryopsis, the hilum extending its full 
length, embryo small, endosperm mealy. Male spikelets 
small, short to long-pedicelled, membranous; glumes 
two, shorter that the fl oret; lodicules three or none, if 
present then minute, elliptic, glabrous, and nerveless; 
stamens 6. n = 12. – Pharus, Leptaspis, Scrotochloa.

1.3 PUELIOIDEAE
Perennial. Calms herbaceous, usually unbranched 
above; internodes hollow. Leaves distichous, not 
basally aggregated; outer ligule absent (Guaduella) or 
present (Puelia); blades pseudopetiolate, large and 
broad; sheaths non-auriculate. Synfl orescences race-
mose or paniculate, sometimes with small bracts sub-
tending the branches. Spikelets with two glumes, 
several fl orets and elongated rachilla internodes, the 
1–3 basal fl orets male, the next several fl orets female-
fertile and bisexual, with apical incomplete fl orets 
(Guaduella), or the basal 3–6 fl orets male or neuter 
with the single apical fl oret female (Puelia), disarticu-
lating above the glumes, and between the fl orets 
(Guaduella) or not (Puelia); stamens six, fi laments 
free (Guaduella) or monadelphous (Puelia); ovary 
glabrous or hairy, an apical appendage present or 
not; stigmas 2–3. Caryopsis with a long-linear hilum; 
embryo small. n = 12. – puelieae: Puelia; guadu-
elleae: Guaduella.

1.4 BAMBUSOIDEAE
Perennials (rarely annual) rhizomatous herbaceous or 
woody. Culms hollow or solid. Leaves almost always 
petiolate, articulate-deciduous or less often persistent; 

laminas usually lanceolate to lanceovate, very rarely 
linear. Spikelets (or spikelets proper of the pseu-
dospikelets) bisexual (Bambuseae) or unisexual 
(Olyreae), often with an indefi nite number of fl owers, 
not infrequently branched, often with more than two 
glumes at the base; lemmas and paleas usually with a 
large and indefi nite number (up to 25) of veins, 
 lodicules usually three, less often two, more than three, 
or absent. Stamens usually six, less often three, 
 sometimes two, four, or more than six (up to 120); 
 fi laments not or rarely connate into a tube. Stigmas 2 
or 3, less often 1 or 4–6, not rarely on a long style. 
Caryopsts often with the pericarp thickened in the 
upper part, often nutlike or drupaceous. Meristem 
under the base of the plumule absent. Chromosomes 
small; n = 9–12, seldom 7. – bambuseae: Arthrostyli-
dium, Bambusa, Chusquea, Dinochloa, Merostachys, 
Neurolepis, etc.; olyreae: (including buerger-
siochleae and parianeae): Buergersiochloa, 
Lithachne, Olyra, Raddia, Eremitis, Pariana, etc.

1.5 EHRHARTOIDEAE
Plants annual or perennial (rhizomatous or stolonifer-
ous), herbaceous to suffrutescent. Culms hollow or 
solid. Leaves distichous; abaxial ligule absent; adaxial 
ligule a fringed or unfringed membrane, or a fringe of 
hairs; blades rarely basally cordate or sagittate 
(Phyllorachideae), somewhat broad to usually narrow, 
sometimes pseudopetiolate; sheaths sometimes bear-
ing auricles. Infl orescences paniculate or racemose, 
bracts outside of the spikelets rarely present. Spikelets 
bisexual or unisexual, with glumes 2 (absent in some 
Oryzeae), sterile fl orets 0 to 2, and female-fertile 
fl oret 1; palea well developed; lodicules 2, membranous 
or rarely fl eshy; stamens usually 3 or 6 (sometimes 1, 2, 
or 4); ovary glabrous, apical appendage absent; styles 2, 
free, fused basally of for their full length (Zizaniopsis), 
close; stigmas 2. Caryopsis with the hilum long-linear; 
endosperm hard, without lipid, containing compound 
starch grains (rarely simple); embryo small, embryonic 
leaf usually with overlapping margins (meeting in 
Potamophila). n = 12 (10 in Microlaena, 15 in Zizania). – 
oryzeae: Leersia, Luziola, Oryza, Zizania, etc.; 
 phyllorachideae: Humbertochloa, Phyllorachis; 
ehrharteae: Ehrharta, Microlaena, etc.

1.6 POOIDEAE
Perennial or annual herbs, very seldom weakly ligne-
ous. Culms hollow (rarely solid). Leaves without a 
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petiole, not deciduous, very seldom petiolate; laminas 
usually linear, seldom lanceolate or lanceolate. 
Spikelets with a defi nite or indefi nite number of fl ow-
ers, not branched, provided with two glumes at the 
base, seldom without glumes or with only one; lemmas 
usually with (1-) 3–9(-11) veins; paleas with 2 veins 
forming keels; lodicules two, seldom three, of various 
types, or sometimes wanting. Stamens usually three, 
very seldom one, two, four, or six; fi laments free. 
Stylodia two, very seldom three or one, very rarely 
basally connate into a short style. Caryopsis always 
with a thin pericarp, this generally adnate to the seed, 
more rarely free from it, sometimes saclike. 
Meristematic layer present under the coleoptile, as a 
result of which the base of the plumule can elongate 
during germination and produce adventitious roots. 
Chromosomes small or large; n = 2, 4–12 and more. – 
brachypodieae: Brachypodium; triticeae: Aegilops, 
Agropyron, Elymus, Elytrigia, Eremopyrum, Henrardia, 
Hordelymus, Hordeum, Leymus, Psathyrostachys, 
Secale, Triticum, etc.; bromeae: Bromus, Boi-
ssiera, etc.; poeae: Agrostis, Aira, Anthoxanthum, 
Arrhenatherum, Avena, Briza, Calamagrostis, Cata-
brosa, Cinna, Colpodium, Cutandia, Cynosurus, 
Dactylis, Deschampsia, Eremopoa, Festuca, Heli-
ctotrichon, Hierochloe, Holcus, Koeleria, Lolium, 
Millum, Polypogon, Puccinellia, Trisetum, Vulpia, etc.; 
meliceae: Glyceria, Melica, Lophochlaena, etc; 
brylkinieae: Brylkinia; diarrheneae: Diarrhena; 
brachyelytreae: Brachyelytrum; ampelodesmeae: 
Ampelodesmos; stipeae: Oryzopsis, Piptatherum, 
Stipa, etc.; lygeeae: Lygeum; nardeae: Nardus; 
 phaenospermateae: Phaenosperma.

1.7 ARISTIDOIDEAE
Plants annual or perennial, caespitose, herbaceous, 
xerophytic or less commonly mesophytic. Culms solid 
or hollow. Leaves distichous. Infl orescences panicu-
late, bracts outside of the spikelets absent. Spikelets 
with bisexual fl orets, glumes two, female-fertile fl oret 
one, and no rachilla extension, cylindrical or laterally 
compressed, disarticulating above the glumes; lemma 
with three awns, the awns separate from each other, or 
fused below into a twisted column; palea short, less 
than half the lemma length; lodicules present or rarely 
absent, when present two, free, membranous, glabrous, 
heavily vascularized; stamens one to three; ovary 
 glabrous, apical appendage absent, haustorial syner-
gids absent, styles two, free, close; stigmas two. 

Caryopsis with the hilum short or long-linear; 
endosperm hard, without lipid, containing compound 
starch grains; embryo small (Sartidia) or large 
(Aristida, Stipagrostis), epiblast absent, scutellar cleft 
present or absent (Sartidia). n = 11, 12. – aristideae: 
Aristida, Sartidia, Stipagrostis.

1.8 DANTHONIOIDEAE
Perennial (caespitose, rhizomatous or stoloniferous) or 
less commonly annual, herbaceous or rarely suffrutes-
cent plants. Culms solid or very rarely hollow. Leaves 
distichous; abaxial ligule usually absent (sometimes 
present in Cortaderia, Karroochloa, and Pentaschistis); 
adaxial ligule a fringe of hairs or a fringed membrane; 
blades relatively narrow, without a speudopetiole; 
sheats not auriculate except in Pentameris thuarii. 
Infl orescences paniculate or less commonly racemose 
or spicate, bracts outside of the spikelets absent. 
Spikelets bisexual (but sometimes without bisexual 
fl orets in Cortaderia) or unisexual (Cortaderia, 
Lamprothyrsus); glumes 2 and usually equal, female-
fertile fl orets 1–6 (to 20), with apical reduction and a 
rachilla extension usually present, laterally com-
pressed; lemma lacking uncinate macrohairs, awn sin-
gle and from a sinus; palea well developed, sometimes 
relatively short; lodicules 2, free (rarely joined), fl eshy 
or rarely with an apical membranous fl ap, glabrous or 
ciliate, often with microhairs, sometimes heavily vas-
cularized; stamens 3; ovary glabrous or rarely with 
apical hairs (Pentameris), apical appendage absent, 
haustorial synergids present, only weakly developed in 
a few taxa; styles 2, the bases usually widely separated, 
stigmas 2. Caryopsis with the hilum short or long- 
linear; endosperm hard, containing compound starch 
grains (simple in Prionanthium); embryo large 
or small, epiblast absent, scutellar cleft present. n = 6, 
7, 9. – danthonieae: Pentaschistis, Pentameris, 
Prionanthium, Chionochloa, Cortaderia, Lampro-
thyrsus, Pseudopentameris, Chaetobromus, Ryti-
dosperma, Notodanthonia, Austrodanthonia, Joycea, 
Karroochloa, Schismus, Tribolium, Merxmuellera, 
Danthonia, Notochloe, Plinthanthesis.

1.9 ARUNDINOIDEAE
Annuals or perennials, tufted, rhizomatous or stolonif-
erous, herbaceous to somewhat woody. Culms hollow 
or less commonly solid. Leaves narrow and the ligule is 
membranous or cartilaginous or may form a rim of cilia; 
microhairs usually present, arm cells sometimes occur, 
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fusoid cells always absent. Infl orescences usually 
paniculate, rarely spicate or racemose, bracts outside of 
the spikelets absent. Spikelets with bisexual fl orets, 
glumes two, female-fertile fl orets one to several, apical 
reduction usually present; pales usually well developed; 
lodicules two, free (rarely joined at the base), fl eshy, 
glabrous or infrequently ciliate; stamens 1–3; ovary gla-
brous, apical appendage absent, haustorial synergids 
absent; styles two, usually free, close; stigmas two. 
Caryopsis with the hilum short or long-linear; endosperm 
hard, without lipid, containing  compound starch grains; 
embryo large or small. n = 6, 9, 12. – arundineae: 
Arundo, Amphipogon, Dregeochloa, Hakonechloa, 
Molinia, Phragmites, Triodia, etc.

1.10 MICRAIROIDEAE
Annual or perennial, terrestrial and rarely aquatic, rhi-
zomatous, matforming, sometimes decumbent herbs. 
Culms solid or hollow. Leaves distichous or sometimes 
spirally arranged; abaxial ligule occasionally present 
as a line of hairs, adaxial ligule a fringe of hairs. 
Infl orescences panicles, racemes or spikes, terminal or 
axillary. Spikelets bisexual, with two glumes (one in 
Sphaerocaryum); glumes tardily or rarely early decid-
uous. Pales well developed, lodicules two or some-
times absent, cuneate, free, fl eshy. Stamens 2–3; ovary 
usually glabrous, apical appendage absent; styles 2, 
free, stigmas 2. Fruits caryopsis with the hilum short 
linear to long linear; endosperm hard, containin simple 
starch grains; embryo small; n = 10. – eriachneae: 
Eriachne, Pheidochloa; isachneae: Coelachne, 
Heteranthoecia, Isachne, Limnopoa, Sphaerocaryum; 
micraireae: Micraira.

1.11 CHLORIDOIDEAE
Annual or perennial herbs, tufted or rhizomatous (stolo-
niferous) and sometimes robust (rarely woody). Culms 
solid or hollow. Leaves mostly narrow and the ligule is 
hair-fringed or reduced to a rim of hairs. Silica bodies 
are mostly saddle-shaped and microhairs are always 
present. Distal cell usually infl ated and sometimes 
 glandular. Mesophyll lacks arm cells and fusoid cells 
and has a Kranz type PS anatomy. Infl orescences 
 paniculate, paniculate with spicate branches, racemose, 
or  spicate, bracts outside of the spikelets absent. 
Spikelets bisexual or sometimes unisexual (if so the 
plants  dioecious or monoecious), with one to several 
fl orets and the rachilla usually prolonged; pales well 
 developed, lodicules two or absent, fl eshy, glabrous. 

Stamens 1–3, stigmas 2; ovary glabrous, apical 
 appendage absent, haustorial synergids absent. Fruits 
caryopsis or utricle, hilum short; endosperm hard, with-
out lipid, containing simple or compound starch grains; 
embryo large or rarely small. n = 7, 8, 9 or 10. – cyno-
donteae (chlorideae): Bouteloua, Soderstroimia, 
Griffi thsochloa, Pringleochloa, Buchloe, Cathestecum, 
Cyclostachya, Opizia, Pentarrhaphis, Melanocenchris, 
Schaffnerella, Lintonia, Pommereulla, Pleuraphis, 
Chloris, Arachne, Afrotrichloris, Apochiton, Crypsis, 
Cynodon, Diplachne, Enteropogon, Eustachys, 
Trichloris, Astrebla, Brachyachne, Cypholepis, 
Eleusine, Tetrapogon, Ochthochloa, Saugetia, Tragus, 
Aegopogon, Decaryella, Dignathia, Farrago, Hilaria, 
Lepturus, Zoysia, Perotis, Lophiolepis, Lycurus, 
Tetrachaete, etc.; eragrostideae: Coelochyrum, 
Eleusine, Eragrostis, Acamptoclados, Ectrosia, Harpa-
chne, Heterachne, Panichloa, Steirachne, Viguierella, 
Entoplocamia, Desmostachya, Myrios tachya, 
Tetrachne, Distichlis, Jouvea, Psilolemma, Crypsis, 
Urochondra, Allolepis, Dasyochloa, Erion euron, 
Munroa, Dinebra, Trichoneura, Tridens, Aeluropus, 
Muhlenbergia, Tripogon, Oropetium, Craspedorhachis, 
Kengia, Bewsia, Ctenium, Sporobolus, Monodia, 
Plectrachne, Fingerhuthia, Uniola, Neo stapfi a, 
Orcuttia, Pappophorum, Spartina, etc.;

1.12 CENTOTHECOIDEAE
Annuals or rhizomatous or /and stoloniferous 
 perennials, herbaceous or reedlike. Calms solid or hol-
low, Leaves typically petiolate with relatively broad tes-
sellate blades; ligules membranous or ciliate, or 
membranous with ciliate margins. Infl orescences race-
miform or paniculiform; bracts outside of the spikelets 
absent. Spikelets bisexual or unisexual, often com-
pressed laterally, (1-)2 to many-fl owered with reduction 
either below or above the fertile fl orets; lemma lacking 
uncinate macrohairs, if awned, the awn single; palea 
usually well developed, sometimes relatively short; lod-
icules 2 or 0, more or less cuneate; stamens (1-)2–3; 
stigmas 2; ovary glabrous, apical appendage absent. 
Caryopsis with the hilum basal, usually  fl attened later-
ally; endosperm hard, without lipid, containing simple 
or compound starch grains; embryo small or large. 
n = 12 (Tenório 1976; Clayton 1978, Soderstrom 1981). – 
centotheceae: Centotheca, Zeugites, Bromuniola, 
Calderonella, Chasmanthium, Chevalierella, Lopha-
therum, Megastachya, Orthoclada; thysanolaeneae: 
Thysanolaena.
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1.13 PANICOIDEAE
Annual or perennial herbs, either tufted or rhizoma-
tous and sometimes with robust woody culms. Leaves 
broad or narrow and the ligule is a ciliate membrane or 
a rim of hairs, sometimes it is absent. The silica bodies 
cross- or dumb-bell-shaped and microhairs are always 
present. Neither arm cells nor fusoid cells occur in the 
mesophyll and the leaf anatomy is usually of Kranz 
Type, both the PS and MS subtypes occurring. The 
fl owers usually with 2 fl eshy cuneate lodicules; 
 stamens 1–3(-6); stigmas 2. – arundinelleae: 
Arundinel la, Loudetia, etc.; hubbardieae: Hub-
bardia; paniceae: Cenchrus, Pennisetum, Digitaria, 
Leptocoryphium, Melinis, Acroceras, Axonopus, 
Brachiaria, Cenchrus, Echinochloa, Eriochha, 
Ichnanthus, Mesosetum, Oplismenus, Panicum, 
Paspalum, Sacciolepis, Setaria, Spinifex, etc.; 
andropogone ae: Andropogon, Chrysopogon, 
Arthraxon, Coix, Cymbopogon, Hyparrhenia, Dimeria, 
Erianthus, Heteropogon, Rottboellia, Imperata, 
Miscanthus, Saccharum, Leptatherum, Germainia, 
Eiclasta, Spathia, Trachypogon, Agenium, 
Homozeugos, Sorghum, Sorghastrum, Dichanthium, 
Themeda, Tripsacum, Zea, Chionachne, Polytoca, 
Sclerachne, Trilobachne, etc.; STEYE-
RMARKOCHLOEAE: Steyermarkochloa.
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Abroma, 269
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Abrophyllaceae, 438, 441
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Abrus, 352
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Acacieae, 351
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Achyranthaceae, 142
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Achyrocalyx, 569
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Acidocroton, 288
Acidonia, 72
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Acinos, 573
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Acisanthera, 340
Ackama, 295
Acleisanthes, 137
Acmadenia, 375
Acmanthera, 404, 405
Acmena, 342
Acmenosperma, 342
Acmispon, 353
Acnistus, 533
Acoelorraphe, 695
Acokanthera, 521
Acomastylis, 320
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Aconogonon, 155
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Acranthera, 520
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Acrocarpus, 351
Acrocephalus, 574
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Actinotaceae, 478
Actinotus, 479
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Adenoclineae, 288
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Adenostoma, 319
Adenostomateae, 319
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Adolphia, 432
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Adonideae, 87
Adonidia, 695
Adonidoideae, 87
Adonis, 85, 87
Adoxa, 461, 462
Adoxaceae, 461, 462
Adriana, 288
Adromischus, 305
Aechmea, 701
Aegialitidaceae, 157
Aegialitis, 156, 157
Aegiceras, 213, 215
Aegicerataceae, 215
Aegilopaceae, 742
Aegilops, 744
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Aegiphila, 572
Aegiphilaceae, 571
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Aenictophyton, 352
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Aeonieae, 305
Aeonium, 305
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Aeschynanthus, 567
Aeschynomene, 352
Aeschynomeneae, 352
Aesculaceae, 364
Aesculus, 363, 364
Aetanthus, 422
Aetheolirion, 716
Aethephyllum, 138
Aethionema, 254
Aethusa, 479
Aetoxylon, 271
Aextoxicaceae, 219
Aextoxicales, 219
Aextoxicon, 219
Affonsea, 351
Afgekia, 352
Afraegle, 376
Aframomum, 707
Afrardisia, 215
Afrobrunnichia, 155
Afrocalathea, 708
Afrocrania, 450, 451, 453
Afrofi ttonia, 570
Afroguatteria, 42
Afrolimon, 157
Afrostyrax, 408, 413
Afrothismia, 637
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Afrotrilepis, 731
Afrovivella, 305
Afzelia, 350
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Agallis, 253
Agalmyla, 567
Aganonerion, 521
Aganope, 352
Aganosma, 521
Agapanthaceae, 665, 668
Agapanthus, 668
Agapetes, 193
Agarista, 193
Agastache, 573
Agastachys, 72
Agasyllis, 479
Agatea, 227
Agathelpis, 565
Agathisanthemum, 518
Agathosma, 375
Agauria, 193
Agavaceae, 660, 664, 668, 669, 700
Agave, 663, 664, 668, 700
Agavoideae, 668
Agdestidaceae, 136
Agdestidoideae, 136
Agdestis, 131, 136
Agelaea, 359
Agelanthus, 422
Agenium, 746
Ageratina, 503
Ageratum, 503
Aglaia, 377
Aglaieae, 377
Aglaodorum, 618
Aglaonema, 618
Aglaonemateae, 618
Agonandra, 417, 421
Agonandreae, 417, 421
Agonis, 343
Agrimonia, 320
Agrimoniaceae, 319
Agriophyllum, 143
Agropyron, 744
Agrostemma, 142
Agrostidaceae, 742
Agrostis, 744
Agrostistachydeae, 288
Agrostistachys, 288
Agrostocrinum, 667
Aguiaria, 270
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Aichryson, 305
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Ailanthaceae, 376
Ailanthus, 372, 376
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Airyantha, 352
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Aitonia, 377
Aizoaceae, 130, 134, 137, 138, 140, 141
Aizoanthemum, 137
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Ajugeae, 572
Ajugoideae, 572
Ajugoides, 573
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Akaniaceae, 238, 239
Akaniales, 239
Akebia, 78
Akschindlium, 353
Alafi a, 521
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Alangiaceae, 453
alangiaceae, 452
Alangium, 453
Alangium chinense, 449
Alangium grisolleoides, 452
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Alantsilodendron, 351
Alberta, 519
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Albertisia, 80
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Alchemillaceae, 319
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Aleisanthiopsi, 520
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Aleurites, 284, 285, 288
Aleuritideae, 288
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Alfaropsis, 126
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Algernonia, 289
Alhagi, 353
Alibertia, 519
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Alinula, 731
Alisma, 606
Alismataceae, 605, 606
Alismatales, 606, 608
Alismatales, 605
Alismatanae, 599
Alismatidae, 15, 595, 600, 694
Alistilus, 352
Alkanna, 542
Allagoptera, 695
Allamanda, 521
Allanblackia, 182
Allantoma, 204
Allantospermum, 399, 401
Alleizettella, 519
Allenrolfea, 143
Allexis, 227
Alliaceae, 656, 660, 666, 668, 669
Alliaria, 253
Allioideae, 669
Allionia, 137
Allioniaceae, 137
Allium, 666, 669
Allmania, 142
Allmaniopsis, 142
Allocarya, 542
Allocasuarina, 122
Allocheilos, 567
Allochrusa, 141
Allolepis, 745
Allomaieta, 340
Allomarkgrafi a, 521
Alloneuron, 340
Allophylaceae, 363
Allophyllum, 201
Allophylus, 364
Alloplectus, 567
Alloschemone, 618
Alloschmidia, 695
Allosidastrum, 270
Allostigma, 567
Allosyncarpia, 343
Allotropa, 191
Allowissadula, 270
Allowoodsonia, 521
Alloxylon, 72
Alluaudia, 139
Alluaudia, 140
Alluaudiopsis, 140
Almaleea, 352
Almeidea, 375
Alniphyllum, 208, 209
Alnus, 119, 120
Aloaceae, 667
Alocasia, 619
Aloe, 661, 667
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Aloinopsis, 138
Alona, 531, 534
Alonsoa, 565
Alonsoeae, 565
Alooideae, 667
Alopecuraceae, 742
Alophia, 658
Aloysia, 571
Alpaminia, 253
Alphandia, 288
Alphitonia, 430, 432
Alphonsea, 42
Alpinia, 705, 707
Alpiniaceae, 707
Alpinieae, 707
Alpinioideae, 707
Alrawia, 668
Alseis, 519
Alseodaphne, 51
Alseuosmia, 496
Alseuosmia, 496, 497
Alseuosmiaceae, 495, 496
alseuosmiaceae, 496
Alseuosmiales, 495
Alsinaceae, 141
Alsineae, 141
Alsinidendron, 141
Alsinoideae, 141
Alsmithia, 695
Alsobia, 567
Alsodeiaceae, 227
Alsodeiopsis, 469
Alsomitra, 235
Alstonia, 521
Alstonieae, 521
Alstroemeria, 639, 640, 641
Alstroemeriaceae, 639, 640, 641
Alstroemeriales, 638, 642
Alternanthera, 142
Althaea, 270
Althenia, 610, 612
Altingia, 109
Altingiaceae, 108, 109
Aluta, 343
Alvaradoa, 372, 376
Alvaradoideae, 376
Alvesia, 573
Alvimiantha, 432
Alyogyne, 270
Alysicarpus, 353
Alyssoides, 253
Alyssopsis, 253
Alyssum, 253
Alyxia, 521
Alyxieae, 521
Alzatea, 338
Alzateaceae, 328, 329, 338, 339
Amaioua, 519
Amalocalyx, 521
Amana, 634
Amanoa, 286

Amanoeae, 286
Amaracarpus, 518
Amaracus, 573
Amaranthaceae, 130, 135, 142
Amarantheae, 142
Amaranthoideae, 142
Amaranthus, 142
Amaroria, 372, 376
Amaryllidaceae, 656, 660, 665, 669
Amaryllidales, 660, 670, 699
Amaryllideae, 664, 669
Amaryllis, 664, 669
Amasonia, 572
Ambavia, 42
Ambelania, 521
Amberboa, 502
Amblistigma, 522
Amblyanthopsis, 215
Amblyanthus, 215
Amblygonocarpus, 351
Amblynotus, 542
Amblyocarpum, 503
Amblyopetalum, 522
Ambongia, 570
Amborella, 13, 14
Amborellaceae, 11, 13, 25
Amborellales, 13, 15
Ambrosia, 503
Ambrosiaceae, 501
Ambrosina, 619
Amburana, 352
Amelanchier, 321
Ameroglossum, 565
Amesiodendron, 364
Amethystanthus, 573
Amethystea, 572
Amherstia, 350
Amianthium, 627
Amicia, 352
Amischophacelus, 716
Amischotolype, 716
Ammandra, 693, 695
Ammaniaceae, 340
Ammannia, 341
Ammi, 479
Ammiaceae, 478
Ammobroma, 543
Ammocharis, 669
Ammodendron, 352
Ammopiptanthus, 352
Ammosperma, 253
Ammothamnus, 352
Amomum, 707
Amomyrtella, 342
Amomyrtus, 342
Amoreuxia, 265, 271
Amoria, 353
Amorpha, 352
Amorpheae, 352
Amorphophallus, 619
Amoseris, 503
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Ampelamus, 522
Ampelocera, 280
Ampeloclssus, 316
Ampelodesmeae, 744
Ampelodesmos, 744
Ampelopsidaceae, 316
Ampelopsis, 316
Ampelosicyos, 235
Ampelozizipheae, 432
Ampeloziziphus, 432
Amperea, 288
Ampereae, 288
Amphianthus, 565
Amphiasma, 518
Amphiblemma, 340
Amphibolia, 138
Amphibolis, 610, 612
Amphicarpaea, 352
Amphidasya, 518
Amphilophium, 566
Amphimas, 352
Amphipetalum, 138
Amphiphyllum, 724
Amphipogon, 745
Amphipterygium, 378
Amphirrhox, 227
Amphiscirpus, 731
Amphisiphon, 668
Amphitecna, 567
Amphithalea, 352
Amphoricarpos, 502
Amphorocalyx, 340
Amphorogyne, 422
Amphyolanthus, 565
Amsinckia, 542
Amsonia, 521
Amydrium, 618
Amyema, 422
Amygdalaceae, 319
Amygdaleae, 321
Amygdaloideae, 321
Amygdalus, 321
Amylotheca, 422
Amyrea, 288
Amyridaceae, 375
Amyris, 375
Amyxa, 271
Anabasis, 143
Anacampseros, 138
Anacamptis, 649
Anacaona, 235
Anacardiaceae, 368, 374, 378, 476
Anacardioideae, 378
Anacardium, 374, 378
Anacolosa, 417, 421
Anacoloseae, 421
Anacolosoideae, 421
Anacyclus, 503
Anadenanthera, 351
Anadendrum, 618
Anaectocalyx, 340

Anagallidaceae, 215
Anagallideae, 216
Anagallidium, 520
Anagallis, 216
Anagyris, 352
Anakasia, 478
Anamirta, 80
Ananas, 701
Anapalina, 658
Anaphyllopsis, 618
Anarrhinum, 565
Anarthria, 739
Anarthriaceae, 738, 739
Anarthrophyllum, 352
Anastatica, 253
Anastrabe, 566
Anatropanthus, 522
Anaueria, 51
Anaxagorea, 41, 42
Anchietea, 227
Anchomanes, 618
Anchonlum, 253
Anchusa, 542
Anchusaceae, 541
Anchusella, 542
Ancistranthus, 570
Ancistrocarpus, 267
Ancistrocarya, 542
Ancistrocladaceae, 163, 164
Ancistrocladus, 160, 163
Ancistrostylis, 565
Ancistrothyrsus, 228
Ancrumia, 669
Ancylobotrys, 521
Ancylostemon, 567
Ancylotropis, 357
Andeimalva, 270
Andersonia, 193
Andira, 352
Andrachne, 287
Andradea, 137
Androcalymma, 351
Androcymbium, 633
Andrographinae, 570
Andrographis, 570
Androlepis, 701
Andromeda, 193
Andromedaceae, 191
Andromedeae, 193
Andropogon, 746
Andropogonaceae, 742
Andropogone, 746
Androsace, 215
Androsaceae, 215
Androsiphon, 668
Androsiphonia, 221, 228
Androstachyaceae, 287
Androstachys, 287
Androstephium, 668
Androstoma, 193
Androtium, 374, 378
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Androtrichum, 731
Androya, 548, 560, 569
Andruris, 683
Andryala, 503
Andrzeiowskya, 254
Anechites, 521
Aneilema, 716
Anelsonia, 253
Anemarrhena, 667
Anemarrhenaceae, 660, 662, 667
Anemoclema, 88
Anemonaceae, 86
Anemonastrum, 88
Anemone, 86, 88
Anemoneae, 88
Anemonella, 87
Anemonidium, 88
Anemonoides, 88
Anemonopsis, 87
Anemopaegma, 567
Anemopsis, 56, 57, 59
Anerincleistus, 340
Anetanthus, 567
Anetholea, 342
Anethum, 479
Aneulophus, 399, 401
Angadenia, 521
Angasomyrtus, 343
Angelica, 479
Angelicaceae, 478
Angeliceae, 479
Angelonia, 565
Angelonieae, 565
Angianthus, 503
Anginon, 479
Angkalanthus, 570
Angolaea, 312
Angophora, 343
Angostura, 375
Angostylis, 288
Angraecum, 649
Anguillarieae, 633
Angylocalyx, 352
Aniba, 52
Anigozanthos, 714, 715, 717
Anisacanthus, 570
Anisadenia, 398
Anisadenia, 401
Anisadenieae, 401
Anisantherina, 566
Aniseia, 534
Aniseieae, 534
Anislaea, 502
Anisochilus, 573
Anisocycla, 80
Anisodontea, 270
Anisodus, 533
Anisomeles, 573
Anisomeria, 136
Anisophyllea, 297, 298
Anisophylleaceae, 298

Anisophylleales, 297
Anisoptera, 268
Anisopus, 522
Anisosciadium, 479
Anisosepalum, 569
Anisotoma, 522
Ankyropetalum, 142
Anna, 567
Annaea, 488
Annesijoa, 288
Anneslea, 170, 173
Annona, 41, 42
Annonaceae, 21, 40, 41, 42, 45, 59, 60
Annonales, 40
Annoneae, 42
Annonoideae, 42
Anoda, 270
Anodendron, 521
Anodiscus, 567
Anodopetalum, 295
Anoectochilus, 649
Anogeissus, 339
Anomacanthus, 569
Anomalocalyx, 288
Anomatheca, 658
Anomianthus, 42
Anomochloa, 741, 742
Anomochloaceae, 742
Anomochloeae, 742
Anomochlooideae, 742
Anomospermeae, 80
Anomospermum, 80
Anomostachys, 289
Anomotassa, 522
Anonidium, 42
Anophyllum, 618
Anoplocaryum, 542
Anopteraceae, 440
Anoptereae, 440
Anopterus, 437, 440
Anopterus macleyanus, 447
Anopyxis, 401
Anotea, 270
Anredera, 133, 139
Anrederaceae, 138
Ansellia, 649
Antegibbaeum, 138
Antennaria, 503
Antenoron, 155
Anthemidaceae, 501
Anthemideae, 503
Anthemis, 503
Anthera, 716
Anthericaceae, 663, 667, 668, 670
Anthericieae, 667
Anthericopsis, 716
Anthericum, 667
Antheroporum, 352
Antherothamnus, 565
Antherotoma, 340
Anthobolaceae, 422
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Anthoboleae, 422
Anthobolus, 422
Anthobryum, 159
Anthocarapa, 377
Anthocercidoideae, 534
Anthocercis, 530, 534
Anthochlamys, 143
Anthochortus, 739
Anthocleista, 520
Anthodiscus, 170, 173
Antho-discus, 172
Anthodon, 412
Antholyza, 658
Anthonotha, 350
Anthopteropsis, 193
Anthopterus, 193
Anthorrhiza, 518
Anthospermeae, 519
Anthospermum, 519
Anthostema, 289
Anthotium, 501
Anthotroche, 534
Anthoxanthum, 744
Anthriscus, 479
Anthurium, 618
Anthyllis, 353
Antiaris, 281
Antiaropsis, 281
Anticharis, 565
Anticlea, 627
Antidaphne, 421, 423
Antidesma, 284, 285, 287
Antidesmataceae, 286
Antidesmeae, 287
Antigonon, 155
Antimima, 138
Antiotrema, 542
Antiphytum, 542
Antirrhinaceae, 565
Antirrhineae, 565
Antirrhinum, 565
Antistrophe, 215
Antizoma, 80
Antonia, 513, 517
Antoniaceae, 511, 513, 517
Antonina, 573
Antopetitia, 353
Antrophora, 541
Anubias, 618
Anulocaulis, 137
Anuragia, 573
Anurosperma, 164
Aoranthe, 520
Aosa, 447
Aotus, 352
Apacheria, 324
Apalanthe, 603
Aparatiella, 351
Aparinaceae, 518
Aparisthmium, 288
Apassalus, 570

Apatesia, 138
Apatesieae, 138
Apatzingania, 235
Apeiba, 267
Apeibeae, 267
Apetahia, 489
Aphaenandra, 519
Aphaerema, 226
Aphanamixis, 377
Aphananthe, 280
Aphandra, 695
Aphanes, 318, 320
Aphania, 364
Aphanieae, 364
Aphanisma, 143
Aphanocalyx, 350
Aphanocarpus, 520
Aphanomyrtus, 342
Aphanopetalaceae, 300, 302, 305
Aphanopetalum, 305
Aphanopleura, 479
Aphanosperma, 570
Aphanostemma, 88
Aphelandra, 570
Aphelandreae, 570
Aphelandrella, 570
Aphelia, 737
Aphelia, 739
Apherema, 223
Aphloia, 228
Aphloiaceae, 220
Aphragmus, 253
Aphyllanthaceae, 662, 670
Aphyllanthes, 670
Aphyllodium, 353
Aphyllon, 566
Apiaceae, 475, 478
Apiales, 467
Apiales, 472, 477
Apieae, 479
Apinagia, 312
Apioideae, 479
Apiopetalum, 479
Apios, 352
Apium, 479
Aplanodes, 253
Aplundia, 682
Apochiton, 745
Apocynaceae, 511, 517, 521, 522
Apocyneae, 521
Apocynoideae, 521, 522
Apocynum, 521
Apodanthaceae, 66, 67
Apodanthera, 235
Apodanthes, 66, 67
Apodasmia, 739
Apodiscus, 288
Apodolirion, 669
Apodostigma, 412
Apodytes, 469
Apollonias, 51
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Aponogeton, 600, 601, 602
Aponogetonaceae, 600, 602
Apophylleae, 252
Apophyllum, 252
Apoplanesia, 352
1830 Aporosaceae, 286
Aporosella, 284
Aporusa, 287
Aposeridaceae, 501
Apostasia, 648
Apostasiaceae, 648
Apostasioideae, 646, 648, 649
Appendicularia, 340
Appertiella, 603
Appunia, 518
Aptandra, 421
Aptandraceae, 418, 421
Aptenia, 137
Apteria, 637
Apterosperma, 173
Aptosimeae, 565
Aptosimum, 565
Apuleia, 351
Apurimacia, 352
Aquifoliaceae, 466, 467, 469, 470
Aquifoliales, 467
Aquifoliales, 466
Aquilaria, 266, 271
Aquilariaceae, 271
Aquilarieae, 271
Aquilegia, 87
Aquilegiaceae, 86
Arabideae, 253
Arabidella, 253
Arabidopsis, 253
Arabis, 253
Araceae, 615, 616, 617, 618, 619, 734
Arachis, 352
Arachne, 745
Arachnis, 649
Arachnitidaccae, 638
Arachnitis, 637, 638
Arachnothryx, 520
Araeoandra, 388
Araeococcus, 701
Aragoa, 566
Aragoaceae, 565
Aragoeae, 566
Arales, 734
Arales, 615, 616
Aralia, 315, 474, 478
Araliaceae, 315, 474, 477, 478, 479
Aralidiaceae, 476, 477
Aralidium, 477
Aralieae, 478
Aralioideae, 478
Araliopsis, 375
Aranae, 615
Aratitiyopea, 720, 724
Araujia, 522
Arbutaceae, 191

Arbutoideae, 192
Arbutus, 192
Arcangelisia, 80
Arceuthobiaceae, 422
Arceuthobieae, 423
Arceuthobium, 423
Archakebia, 78
Archboldiodendron, 173
Archeria, 193
Archerieae, 193
Archiatriplex, 143
Archiboemeria, 281
Archiclematis, 88
Archidendron, 351
Archidendropsis, 351
Archiphysalis, 533
Archirhodomyrtus, 342
Archontophoenix, 695
Archytaea, 180, 181
Arcoa, 351
Arcteranthis, 88
Arcterica, 193
Arctium, 502
Arctomecon, 95
Arctopus, 474
Arctostaphylaceae, 191
Arctostaphylos, 192
Arctotidaceae, 501
Arctotideae, 503
Arctotidinae, 503
Arctotis, 503
Arctous, 192
Arcyosperma, 253
Arcytophyllum, 518
Ardisia, 215
Ardisiaceae, 215
Ardisia elliptica, 213
Ardisiandra, 215
Ardisiandreae, 215
Areae, 619
Areca, 694, 695
Arecaceae, 694, 695
Arecales, 694
Arecales, 616, 693
Arecanae, 700
Arecanae, 693
Areceae, 695
Arecidae, 693
Aremonia, 320
Arenaria, 141
Arenga, 695
Arenifera, 138
Arethusa, 649
Arethuseae, 649
Aretiastrum, 462
Argania, 211
Argemone, 94, 95
Argocoffeopsis, 519
Argomuellera, 288
Argophyllaceae, 496, 497
Argophylleae, 497
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Argophyllum, 495, 497
Argostemma, 519
Argostemmateae, 519
Argusia, 542
Argylia, 553, 566
Argyreia, 534
Argyrocytisus, 352
Argyrodendron, 269
Argyroderma, 138
Argyrolobium, 352
Argythamnia, 288
Ariadne, 520
Aridaria, 137
Aridarum, 619
Arillastrum, 343
Ariocarpus, 140
Ariopsis, 619
Aripuana, 520
Arisaema, 617, 619
Arisaemateae, 619
Arisaraceae, 618
Arisareae, 619
Arisarum, 619
Arischrada, 573
Aristea, 653, 657
Aristida, 744
Aristideae, 744
Aristidoideae, 744
Aristocapsa, 155
Aristogeitonia, 287
Aristolochia, 58, 59
Aristolochiaceae, 45, 58, 59, 60, 64, 66, 589
Aristolochieae, 59
Aristolochioideae, 59
Aristotelia, 231, 232
Aristoteliaceae, 232
Aristotelieae, 232
Arjona, 422
Arjonaceae, 422
Armatocereus, 140
Armeniaca, 321
Armeria, 157
Armeriaceae, 157
Armoracia, 253
Arnaldoa, 502
Arnebia, 542
Arnhemia, 271
Arnica, 503
Arnicratea, 412
Arnocrinum, 667
Aroideae, 619
Aromadendron, 35, 36
Aronia, 321
Arophyton, 619
Arrabidaea, 567
Arracacia, 479
Arrhenatherum, 744
Arrojadoa, 139
Arsenjevia, 88
Artabotrys, 42
Artanema, 565

Artemisia, 503
Artemisiaceae, 501
Arthocarpum, 352
Arthraerua, 142
Arthraxon, 746
Arthrocereus, 140
Arthroclianthus, 353
Arthrocnemum, 143
Arthrophyllum, 473, 474, 478
Arthrophytum, 143
Arthropodium, 663, 667
Arthrostylidium, 743
Arthrostylis, 731
Artia, 521
Artocarpaceae, 281
Artocarpeae, 281
Artocarpus, 281
Arum, 619
Aruncus, 319
Arundinaceae, 742
Arundinaria, 741
Arundineae, 745
Arundinel, 746
Arundinellaceae, 742
Arundinelleae, 746
Arundinoideae, 744
Arundo, 745
Arytera, 364
Asaraceae, 59
Asareae, 59
Asarina, 565
Asaroideae, 59, 64
Asarum, 58, 59, 66, 589
Ascarina, 26
Ascarinopsis, 26
Aschersoniodoxa, 253
Aschistanthera, 340
Asclepiadaceae, 521, 522
Asclepiadeae, 522
Asclepiadoideae, 522
Asclepias, 522
Ascmithia, 296
Ascocaridion, 573
Ascolepis, 731
Ascopholis, 731
Ascyraceae, 182
Asemnantha, 519
Asepalum, 557, 571
Ashtonia, 287
Asimina, 41, 42
Asinine, 21
Asiphonia, 59
Asketanthera, 521
Askidiosperma, 739
Asotheca, 570
Aspalathaceae, 350
Aspalathus, 352
Asparagaceae, 674, 676, 678
Asparagales, 674
Asparagus, 676, 678
Aspazoma, 137
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Asperuginoides, 253
Asperugo, 542
Asperula, 519
Asperulaceae, 518
Asphodelaceae, 660, 661, 667
Asphodeleae, 667
Asphodeline, 667
Asphodeloideae, 667, 670
Asphodelus, 661, 667
Aspicarpa, 406
Aspidistra, 675, 677
Aspidistraceae, 677
Aspidistreae, 677
Aspidocarya, 80
Aspidoglossum, 522
Aspidogyne, 649
Aspidonepsis, 522
Aspidopterys, 405
Aspidosperma, 521
Aspidostemon, 51
Asta, 253
Astartea, 343
Astelia, 645, 647
Asteliaceae, 645, 647, 648, 715
Astelieae, 715
Astephanus, 522
Aster, 503
Asteraceae, 501, 502, 516
Asterales, 497
Asterales, 493, 498
Asteranae, 484
Asteranthaceae, 203
Asteranthe, 42
Asteranthera, 567
Asteranthoideae, 203
Asteranthos, 202, 203
Astereae, 503
Asteridae, 435, 444
Asteriscium, 479
Asterogyne, 695
Asterohyptis, 573
Asterolasia, 369, 375
Asterolinon, 216
Asteromyrtus, 343
Asteropeia, 153
Asteropeiaceae, 153
Asterophorum, 268
Asteropyreae, 87
Asteropyrum, 87
Asterostemma, 522
Asterostigma, 618
Asterotrichion, 270
Astianthus, 566
Astilbe, 300, 303, 304, 306
Astilboides, 303, 306
Astiria, 269
Astonia, 606
Astracantha, 353
Astragalaceae, 350
Astragalus, 353
Astrantia, 479

Astrebla, 745
Astrephia, 462
Astridia, 138
Astripomoea, 534
Astrocalyx, 340
Astrocarpaceae, 254
Astrocarpeae, 254
Astrocarpus, 254
Astrocaryum, 695
Astrocasia, 286
Astrococcus, 288
Astrocodon, 488
Astrodaucus, 479
Astroloma, 193
Astronia, 340
Astronidium, 340
Astronieae, 340
Astronium, 378
Astrophytum, 140
Astrothalamus, 281
Astrotricha, 474, 478
Astrotrichilia, 377
Asyneuma, 488
Asystasia, 570
Ataenidia, 708
Atalantia, 376
Atalaya, 364
Atamisquea, 252
Ateixa, 253
Atelanthera, 253
Ateleia, 351
Athamanta, 479
Athanasiaceae, 501
Athenaea, 533
Atherandra, 522
Atherolepis, 521
Atherosperma, 51
Atherospermataceae, 48, 51
Atherospermeae, 51
Athertonia, 73
Athrixia, 503
Athysanus, 253
Atkinsonia, 420, 422
Atlanthemum, 271
Atopostema, 42
Atractocarpus, 519
Atractogyne, 519
Atractylis, 502
Atractylodes, 502
Atragene, 88
Atraphaxideae, 155
Atraphaxis, 155
Atriplex, 143
Atriplicaceae, 142
Atripliceae, 143
Atropa, 533
Atropaceae, 533
Atropanthe, 533
Atropeae, 533
Atroxima, 357
Attalea, 695
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Atuna, 327
Atylosia, 352
Aubregrinia, 211
Aubrevillea, 351
Aubrieta, 253
Aucoumea, 378
Aucuba, 455, 456
Aucubaceae, 456
Audoinia, 443
Audouinia, 444
Audouinieae, 444
Auerodendron, 432
Augea, 394, 395
Augeoideae, 394, 395
Augouardia, 350
Augusta, 520
Aulacocalyx, 519
Aulacospermum, 479
Aulandra, 211
Aulax, 72
Aurantiaceae, 375
Auranticarpa, 478
Aurantieae, 376
Aurantioideae, 376
Aureliana, 533
Aureolaria, 566
Aurinia, 253
Australina, 281
Austroamericium, 422
Austrobaileya, 21
Austrobaileyaceae, 21
Austrobaileyales, 21, 25
Austrobuxus, 287
Austrocactus, 140
Austrocynoglossum, 542
Austrodanthonia, 744
Austrodolichos, 352
Austrodrimys, 31
Austromatthaea, 50
Austromuellera, 73
Austromyrtus, 342
Austrosteenisia, 352
Autolandra, 707
Autonoe, 665
Autranella, 211
Auxemma, 542
Avellanita, 288
Avena, 744
Avenaceae, 742
Averrhoa, 358, 359
Averrhoaceae, 359
Avetra, 689, 691
Avetraceae, 691
Avicennia, 570
Avicenniaceae, 562, 570
Axinaea, 340
Axinandra, 328, 332, 339
Axirys, 135
Axonopus, 746
Axyris, 143
Ayapana, 503

Ayenia, 269
Ayensua, 700
Aylthonia, 686
Azadirachta, 377
Azaleaceae, 191
Azara, 224, 226
Azima, 249, 255
Azorella, 479
Azorelloideae, 479
Azorina, 488
Azorineae, 488
Aztekium, 140

B
Babbagia, 143
Babiana, 658
Babingtonia, 343
Baccaurea, 284, 287
Baccharis, 503
Bachmannia, 252
Backhousia, 342
Backhousieae, 342
Bacopa, 565
Bactris, 695
Badiera, 357
Badula, 215
Badusa, 519
Baeckea, 343
Baeometra, 633
Baeothryon, 731
Bafodeya, 327
Bagassa, 281
Baharuia, 521
Bahia, 503
Baijiania, 235
Baikiaea, 350
Baileyoxylon, 226
Baillonella, 211
Baillonia, 571
Baimashania, 253
Baissea, 521
Baitaria, 138
Bakerella, 422
Bakeridesia, 270
Bakerolimon, 157
Balaka, 695
Balakata, 289
Balanitaceae, 391, 392, 393, 395
Balanites, 391, 395
Balanopaceae, 113
Balanopales, 112, 113
Balanophora, 428
Balanophoraceae, 427
Balanophora involullata, 426
Balanophorales, 427
Balanophorales, 426
Balanophoranae, 425
Balanophoroideae, 428
Balanops, 113
Balansaea, 479
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Balaustion, 343
Balbisia, 386, 388
Baldellia, 606
Balfourodendron, 375
Balgoya, 356, 357
Baliospermum, 288
Ballantinia, 253
Ballochia, 570
Ballota, 573
Balmea, 520
Baloghia, 288
Balonga, 42
Baloskion, 739
Balsaminaceae, 176, 177
Balsaminales, 175
Balsamocarpon, 351
Balsamocitrus, 376
Balthasaria, 173
Bambekea, 235
Bambusa, 743
Bambusaceae, 742
Bambuseae, 743
Bambusoideae, 743
Bamiania, 157
Bampsia, 565
Banara, 224, 226
Banareae, 261
Banisterieae, 405
Banisteriopsis, 405
Banksia, 73
Banksieae, 73
Baolia, 143
Baphia, 352
Baphiastrum, 352
Baphiopsis, 352
Baptisia, 352
Baratranthus, 422
Barbacenia, 685, 686
Barbaceniaceae, 686
Barbaceniopsis, 684, 685, 686
Barbarea, 253
Barbejum, 73
Barberetta, 714, 715, 716
Barbeuia, 136
Barbeuiaceae, 130, 132, 136
Barbeya, 432
Barbeyaceae, 429, 432
Barbieria, 352
Barcella, 695
Barclaya, 17
Barclayaceae, 17
Barjonia, 522
Barklya, 350
Barleria, 570
Barleriola, 570
Barnadesia, 502
Barnadesioideae, 501, 502
Barnardia, 668
Barnardiella, 658
Barnebya, 405
Barnebydendron, 350

Barnebyella, 353
Barneoudia, 88
Barnhartia, 357
Barongia, 342
Baroniella, 521
Barosma, 375
Barringtonia, 204
Barringtoniaceae, 204
Barteria, 221, 228
Barthea, 340
Barthlottia, 565
Bartholomaea, 226
Bartlettina, 503
Bartonia, 520
Bartsia, 566
Bartsiella, 566
Basananthe, 228
Basella, 139
Basellaceae, 133, 138, 139, 154, 156, 157
Baselleae, 139
Baseonema, 522
Basilicum, 573
Basisperma, 342
Basistemon, 565
Basselinia, 695
Bassia, 143
Bastardia, 270
Bastardiastrum, 270
Bastardiopsis, 270
Bataceae, 249, 254, 255
Batesanthus, 522
Batesia, 351
Batesimalva, 270
Bathieae, 350
Bathiorhamnus, 432
Bathysa, 519
Batis, 248, 254
Batocarpus, 281
Batopedina, 518
Batrachium, 88
Baudouinia, 351
Bauera, 294, 295
Baueraceae, 295
Baueroideae, 295
Bauhiniaceae, 350
Bauhlnia, 350
Baukea, 352
Baumia, 566
Baxteria, 726, 727, 728
Baxteriaceae, 727, 728
Bayabusua, 235
Bdallophyton, 66, 67
Beatsonia, 159
Beaucamea, 677
Beaufortia, 342
Beaumontia, 521
Beauprea, 71, 72
Beaupreopsis, 72
Becca, 340
Beccarinda, 567
Beccariophoenix, 695
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Becium, 573
Beckwithia, 88
Becquerelia, 731
Beesia, 87
Begonia, 236
Begoniaceae, 235, 236
Begoniella, 235
Behaimia, 352
Behnia, 641
Behniaceae, 639, 641
Behuria, 340
Beilschmiedia, 51
Beirnaertia, 80
Beiselia, 374, 378
Bejaria, 192
Bejarieae, 192
Belairia, 352
Belamcanda, 658
Belangeraceae, 295
Belemia, 137
Belencita, 252
Bellardia, 566
Bellendena, 71, 72
Bellendenoideae, 72
Bellevalia, 668
Belliolum, 30, 31
Bellis, 503
Bellonia, 567
Belloniaceae, 567
Bellonieae, 567
Bellucia, 340
Beloglottis, 649
Belonanthus, 462
Belosynapsis, 716
Bembicia, 220, 223, 224, 226
Bembiciaceae, 226
Bembicidium, 353
Bembicieae, 224, 226
Bencomia, 320
Benevidesia, 340
Benguellia, 573
Benincasa, 235
Benincaseae, 235
Benjaminia, 565
Benkara, 519
Bennettiodendron, 226
Benoicanthus, 570
Benoistia, 288
Bensoniella, 303, 304, 306
Benthamiella, 533
Benthamielleae, 533
Benthamina, 422
Benthamistella, 566
Bentinckia, 695
Bentleya, 478
Bequaertia, 412
Berberidaceae, 81, 82, 83, 86, 315
Berberidales, 81, 85, 91, 94
Berberidineae, 82
Berberidopsidaceae, 218, 226
Berberidopsidales, 219

Berberidopsidales, 218
Berberidopsis, 218
Berberis, 69, 81, 82
Berchemia, 429, 432
Berchemiella, 432
Berendtia, 566
Berendtiella, 566
Berenice, 488
Bergenia, 303, 306
Bergeranthus, 138
Bergerocactus, 140
Bergeronia, 352
Berghia, 707
Bergia, 180, 182
Berhautia, 422
Beringia, 253
Berkheya, 503
Berlinia, 350
Berlinianche, 66, 67
Bernardia, 288
Bernardieae, 288
Bernardinia, 359
Berneuxia, 198, 199
Bernoullia, 270
Berrya, 268
Berryaceae, 267
Berryeae, 268
Bersama, 386, 389
Bersamaceae, 389
Berteroa, 253
Berteroella, 253
Bertholetieae, 204
Bertholletia, 204
Bertiera, 519
Bertolonia, 340
Bertya, 288
Bertyaceae, 287
Beruniella, 542
Berzelia, 444
Beschorneria, 668
Besleria, 567
Besleriaceae, 567
Beslerieae, 567
Bessera, 668
Besseya, 566
Beta, 143
Betaceae, 142
Beteae, 143
Betula, 120
Betulaceae, 120, 122, 123
Betulales, 119
Betuloideae, 120
Bewsia, 745
Beyeria, 288
Bhesa, 409, 411, 412
Biarum, 619
Bicuiba, 46
Bidens, 503
Biebersteinia, 367
Biebersteiniaceae, 367
Biebersteiniales, 367
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Bienertia, 143
Bifariaceae, 422
Bifora, 479
Bignonia, 566
Bignoniaceae, 547, 550, 554, 566, 568
Bignonieae, 566
Bijlia, 138
Bikinia, 350
Bikkia, 520
Bilbergia, 701
Billardiera, 478
Billardiereae, 473, 478
Billia, 363, 364
Billieturnera, 270
Biondia, 522
Biophytum, 359
Biovularia, 571
Bipinnula, 649
Bisboeckelera, 731
Bisboeckelereae, 731
Bischoffi a, 284
Bischofi a, 285, 286, 287
Bischofi eae, 287
Biscutella, 253
Biserrula, 353
Bisglaziovia, 340
Bisgoeppertia, 520
Bismarckia, 695
Bistorta, 155
Biswarea, 235
Bituminaria, 353
Bivinia, 224, 226
Bivonaea, 254
Bixa, 271
Bixaceae, 265, 270, 271
Blachia, 288
Blackallia, 432
Blackstonia, 520
Blaeria, 192
Blakea, 340
Blakeaceae, 339
Blakeeae, 340
Blanchetiodendron, 351
Blancoa, 715, 717
Blandfordia, 647
Blandfordiaceae, 645, 647
Blastemanthus, 187
Blastocaulon, 724
Blastus, 340
Blattiaceae, 340
Blechum, 570
Bleekrodea, 281
Blennodia, 253
Blephar, 342
Blepharandra, 405
Blepharidium, 520
Blepharis, 569
Blepharispermum, 503
Blepharocarya, 378
Blepharocaryaceae, 378
Blepharodon, 522

Blepharostemma, 401
Blephilia, 573
Bletia, 649
Blighia, 364
Blinkworthia, 534
Blitaceae, 142
Bloomeria, 668
Blossfeldia, 140
Blotia, 286
Blumea, 503
Blumenbachia, 447
Blumeodendron, 288
Blumeopsis, 503
Blutaparon, 142
Blysmus, 731
Blyttia, 522
Blyxa, 603
Blyxaceae, 603
Bobartia, 658
Bobgunnia, 351
Bocagea, 42
Bocageopsis, 42
Bocconia, 93, 94, 95
Bocconieae, 95
Bocoa, 351
Bocquillonia, 288
Boea, 567
Boehmeria, 281
Boehmerieae, 281
Boeica, 567
Boelckea, 565
Boenninghausenia, 375
Boerhaaviadiffusa, 133
Boerhavia, 137
Boerlagea, 340
Boerlagellaceae, 211
Boerlagiodendron, 473
Boerlagiodendron, 474, 478
Boesenbergia, 707
Bognera, 618
Boisduvalia, 342
Boissiera, 744
Bokkeveldia, 669
Bolandra, 306
Bolanthus, 142
Bolax, 479
Bolbosaponaria, 141
Bolboschoenus, 731
Bolbostemma, 235
Boldoa, 137
Boldoeae, 137
Bolivariaceae, 546
Bolusafra, 352
Bolusanthus, 352
Bolusia, 352
Bomarea, 638, 639, 640, 641
Bombacaceae, 267, 269, 270, 432
Bombaceae, 270
Bombacopsis, 270
Bombax, 270
Bombycilaena, 503
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Bonafousia, 521
Bonamia, 534
Bonania, 288
Bongardia, 83
Bongardieae, 83
Boninia, 375
Boniodendron, 364
Bonnetia, 180, 181
Bonnetiaceae, 179, 181, 182
Bonplandia, 201
Bonplandieae, 201
Bontia, 560, 569
Bontiaceae, 569
Bonyunia, 517
Boophone, 669
Boopis, 498, 501
Boquila, 78
Boraginaceae, 242, 539, 540, 541, 543
Boraginales, 539
Boragineae, 542
Boraginoideae, 539, 540, 542
Borago, 542
Boragoideae, 242
Borassaceae, 694
Borassodendron, 695
Borassus, 695
Borderea, 691
Boreava, 254
Borismene, 80
Borneacanthus, 570
Borneodendron, 288
Borneosicyos, 235
Bornmuellera, 253
Bornmuellerantha, 566
Borodinia, 253
Borojoa, 519
Boronella, 375
Boronia, 369, 375
Boroniaceae, 375
Boronieae, 375
Borraseae, 695
Borsczowia, 143
Borya, 667
Boryeae, 667
Boschia, 270
Boschniakia, 566
Boscia, 252
Bosea, 142
Bosistoa, 375
Bosqueiopsis, 281
Bossera, 288
Bossiaea, 352
Bossiaeeae, 352
Bostrychanthera, 573
Boswellia, 378
Bothriospermum, 542
Bothrocaryum, 453
Botryodendraceae, 478
Botryophora, 288
Botschantzevia, 253
Bouchardatia, 375

Bouchea, 571
Bouchetia, 530, 533
Bouea, 378
Bougainvillea, 137
Bougainvilleaceae, 137
Bougainvilleeae, 137
Bougueria, 553, 568
Bournea, 567
Bourreria, 541
Bousigonia, 521
Boussingaultia, 139
Boussingaultieae, 139
Bouteloua, 745
Boutiquea, 42
Boutonia, 570
Bouvardia, 519
Bovonia, 573
Bowdichia, 352
Bowiea, 665, 668, 678
Bowkeria, 566
Bowkerieae, 566
Bowlesia, 479
Bowringia, 352
Boyania, 340
Boykinia, 306
Brachiaria, 746
Brachistus, 533
Brachyachne, 745
Brachybotrys, 542
Brachycarpaea, 253
Brachycereus, 139
Brachychiton, 269
Brachycodonia, 488
Brachycylix, 350
Brachyelytreae, 744
Brachyelytrum, 744
Brachyglottis, 503
Brachylaena, 502
Brachyloma, 193
Brachynema, 421
Brachyotum, 340
Brachypodieae, 744
Brachypodium, 744
Brachyscias, 479
Brachysema, 352
Brachysiphon, 339
Brachysola, 572
Brachystegia, 350
Brachystelma, 522
Brachystemma, 141
Brachystephanus, 570
Brachystigma, 566
Brachytome, 519
Brackenridgea, 187
Bracteanthus, 51
Bragantieae, 59
Brahea, 695
Brandegea, 235
Brandezeia, 350
Brandisia, 565
Brasenia, 16



Index 767

Brasilicereus, 139
Brassaiopsis, 478
Brassia, 649
Brassica, 253
Brassicaceae, 245, 246, 250, 252, 254
Brassicales, 242, 246, 254
Brassiceae, 253
Brassiodendron, 51
Brassiophoenix, 695
Braunblanquetia, 565
Braunsia, 138
Bravaisia, 570
Braxireon, 669
Braya, 253
Brayopsis, 253
Brazoria, 573
Brazzeia, 203, 204
Bredemeyera, 357
Bredia, 340
Brenania, 519
Brenierea, 350
Breonadia, 520
Breonia, 520
Bretschneidera, 238, 239
Bretschneideraceae, 238, 239
Breviea, 211
Brewcaria, 700
Brexia, 307, 411
Brexiaceae, 407, 408, 411
Breynia, 287
Brickellia, 503
Bridelia, 284, 286
Bridelieae, 286
Briggsia, 567
Briggsiopsis, 567
Brighamia, 489
Brimeura, 668
Briquetia, 270
Brittenia, 340
Brittonastrum, 573
Briza, 744
Brizula, 739
Brocboneura, 45
Brocchinia, 700
Brocchinieae, 700
Brochoneura, 46
Brodiaea, 666
Brodiaea, 668
Brodriguesia, 350
Brombya, 375
Bromeae, 744
Bromelia, 701
Bromeliaceae, 685, 686, 700, 724
Bromeliales, 703
Bromeliales, 699, 700
Bromelianae, 703, 711
Bromelianae, 699
Bromelioideae, 701
Bromuniola, 745
Bromus, 744
Brongniartia, 352

Brongniartieae, 352
Brongniartikentia, 695
Brookea, 566
Brosimum, 281
Brossardia, 254
Broussaisia, 445, 446, 447
Broussonetia, 281
Browallia, 533
Browallieae, 533
Browallioideae, 533
Brownanthus, 137
Brownea, 350
Browningia, 140
Browningieae, 140
Browniopsis, 350
Brownlowia, 268
Brownlowieae, 268
Brownlowioideae, 268
Brucea, 372, 376
Bruckenthalia, 192
Brugmansia, 533
Bruguiera, 401
Bruinsmia, 208, 209
Brunellia, 296
Brunelliaceae, 294, 295, 296, 299
Brunfelsia, 533
Brunia, 444
Bruniaceae, 444
Bruniales, 443
Brunieae, 444
Brunnera, 542
Brunnichia, 154, 155
Brunonia, 501
Brunoniaceae, 500, 501
Brunoniella, 570
Brunsvigia, 669
Brunsvigiaceae, 669
Brya, 352
Bryanthus, 192
Bryaspis, 352
Brylkinia, 744
Brylkinieae, 744
Bryocarpum, 215
Bryodes, 565
Bryonia, 235
Bryoniaceae, 235
Bryonieae, 235
Bryophyllum, 305
Bubania, 157
Bubbia, 30, 31
Bucephalandra, 619
Buchanania, 374, 378
Buchenavia, 339
Buchenroedera, 352
Buchholzia, 252
Buchloe, 745
Buchnera, 566
Buchneraceae, 565
Buchnereae, 566
Buchnerodendron, 226
Bucida, 339
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Bucinellina, 567
Buckinghamia, 72
Buckleya, 422
Buckollia, 522
Bucquetia, 340
Budawangia, 193
Buddleja, 548, 564
Buddlejaceae, 548, 564, 565, 566
Buergersiochleae, 743
Buergersiochloa, 743
Bufonia, 141
Buforrestia, 716
Buglossaceae, 541
Buglossoides, 542
Buhsia, 252
Bukiniczia, 157
Bulbine, 667
Bulbinella, 667
Bulbocodium, 633
Bulbophyllum, 649
Bulbostylis, 731
Bulnesia, 391, 394
Bumeliaceae, 211
Bunchosia, 404, 405
Bungea, 566
Bunias, 253
Bunium, 479
Buphthalmum, 503
Bupleuraceae, 478
Bupleurum, 479
Burasaia, 80
Burbidgea, 707
Burchardia, 633
Burchardiaceae, 633
Burchardieae, 633
Burchellia, 519
Burckella, 211
Burdachia, 405
Burgesia, 352
Burkea, 351
Burkillanthus, 376
Burkilliodendron, 352
Burlemarxia, 686
Burmannia, 636, 637
Burmanniaceae, 636, 637, 638
Burmanniales, 636, 637
Burmeistera, 489
Burnatia, 606
Burretiodendron, 267
Burretiokentia, 695
Burroughsia, 571
Bursaria, 478
Bursera, 378
Burseraceae, 374, 378
Bursereae, 378
Burtonia, 352
Burttdavya, 520
Burttia, 359
Buschia, 88
Bussea, 351
Bustelma, 522

Butea, 352
Butia, 695
Butomaceae, 589, 600, 602, 603, 605
Butomopsis, 606
Butomus, 602
Buttonia, 566
Butumia, 312
Buxaceae, 112, 113, 114, 366
Buxales, 101, 113
Buxeae, 115
Buxus, 114, 115
Byblidaceae, 207, 563, 570
Byblis, 562, 570
Byronia, 469
Byrsanthus, 226
Byrsocarpus, 359
Byrsonima, 405
Byrsophyllum, 519
Bystropogon, 573
Bythophyton, 565
Byttneria, 269
Byttneriaceae, 269
Byttnerieae, 269
Byttnerioideae, 269, 270

C
Cabomba, 15, 16
Cabombaceae, 15, 16, 28, 589
Caccinia, 542
Cachrys, 479
Cactaceae, 130, 134, 138, 139, 140
Cacteae, 140
Cactoideae, 139
Cadaba, 252
Cadabeae, 252
Cadellia, 373, 376, 377
Cadia, 352
Caelebogyne, 288
Caesalpinia, 351
Caesalpiniaceae, 350
Caesalpinieae, 351, 353
Caesalpinioideae, 350, 351, 353
Caesarea, 385, 388
Caesia, 667
Cailliella, 340
Caiophora, 447
Cajanus, 352
Cakile, 253
Calacanthus, 570
Caladenia, 649
Caladiaceae, 618
Caladieae, 619
Caladium, 619
Calamaceae, 694
Calamagrostis, 744
Calameae, 695
Calamintha, 573
Calamoideae, 694
Calamus, 695
Calancoba, 284
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Calanda, 518
Calandrinia, 138
Calanthe, 649
Calantica, 224, 226
Calathodes, 87
Calathostelma, 522
Calatola, 467, 469
Calcanthus, 253
Calcareoboea, 567
Calceolaria, 564
Calceolariaceae, 552, 564, 565
Caldcluvia, 295
Calderonella, 745
Caldesia, 606
Caleana, 649
Calectasia, 727, 728
Calectasiaceae, 726, 728
Calendula, 503
Calendulaceae, 501
Calenduleae, 501, 503
Calepina, 253
Caletieae, 287
Calia, 352
Calibanus, 677
Calibrachoa, 533
Calicomorpha, 243
Calicorema, 142
Calicotome, 352
California, 388
Caliphruria, 669
Calispepla, 352
Calla, 618
Callaceae, 618
Callerya, 352
Calliandra, 351
Calliandropsis, 351
Callianthemoides, 88
Callianthemum, 85, 87
Callicarpa, 571
Callicarpeae, 571
Callicephalus, 502
Callichilia, 521
Callichlamys, 566
Callicoma, 295
Callicomaceae, 295
Calligonaceae, 155
Calligonum, 155
Callipeltis, 519
Callirhoe, 270
Callisia, 716
Callistachys, 352
Callistemon, 342
Callistephus, 503
Callisthene, 343
Callitrichaceae, 549, 568
Callitriche, 568
Calloideae, 618
Callopsis, 618
Calluna, 192
Calluneae, 192
Calochilus, 649

Calochone, 519
Calochortaceae, 632, 634
Calochortus, 634
Calocrater, 521
Calodecaryia, 377
Calodendrum, 375
Calogyne, 501
Calolisianthus, 520
Caloncoba, 226
Calophaca, 353
Calophyllaceae, 181
Calophylleae, 182
Calophylloideae, 182
Calophyllum, 181, 182
Calopsis, 739
Calopyxis, 339
Calorophus, 739
Caloscordum, 669
Calospatha, 695
Calostemma, 669
Calostemmateae, 669
Calostigma, 522
Calothamnus, 342
Calotis, 503
Calotropis, 522
Calpocalyx, 351
Calpurnia, 352
Caltaeae, 87
Caltha, 87
Calthaceae, 86
Calvoa, 340
Calycacanthus, 570
Calycanthaceae, 47, 50, 51, 167
Calycanthus, 51
Calycera, 498, 501
Calyceraceae, 498, 501, 502
Calycobolus, 534
Calycocarpum, 80
Calycogonium, 340
Calycolpus, 342
Calycopeplus, 289
Calycophyllum, 519
Calycophysum, 235
Calycopteris, 339
Calycorectes, 342
Calycosiphonia, 520
Calyculogygas, 270
Calydorea, 658
Calylophus, 342
Calymmanthium, 140
Calymmatium, 253
Calypso, 649
Calypsoeae, 649
Calyptonoma, 695
Calyptraemalva, 270
Calyptranthera, 522
Calyptranthes, 342
Calyptridium, 138
Calyptrocalyx, 695
Calyptrocarya, 731
Calyptrogyne, 695
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Calyptrotheca, 140
Calyptrothecoideae, 140
Calyste, 534
Calytrix, 343
Camarea, 406
Camarotea, 570
Camassia, 668
Cambessedesia, 340
Cambogiaceae, 181
Camelina, 254
Camelinopsis, 253
Camellia, 173
Camelliaceae, 173
Cameraria, 521
Camissonia, 342
Camoensia, 352
Campanula, 488
Campanulaceae, 485, 487, 494, 516
Campanulales, 486, 487, 494, 498, 502
Campanulales, 485
Campanuleae, 488
Campanuloideae, 488
Campanumoea, 488
Campbellia, 566
Campecarpus, 695
Campestigma, 522
Camphorosma, 143
Camphorosmeae, 143
Campnosperma, 378
Campomanesia, 342
Campsiandra, 351
Campsidium, 566
Campsis, 566
Camptandra, 707
Camptocarpus, 522
Camptoloma, 565
Camptorrhiza, 633
Camptostema, 352
Camptostemon, 270
Camptostylus, 226
Camptotheca, 450, 452, 453
Campuloclinium, 503
Campylandra, 677
Campylanthus, 566
Campylopetalum, 375, 378
Campyloptera, 254
Campylosiphon, 637
Campylospermum, 187
Campylostachys, 564
Campylostemon, 409, 412
campylostemoneae, 412
Campylotropis, 353
Campynema, 633
Campynemanthe, 633
Campynemataceae, 630, 633, 636, 637, 654
Canaca, 287
Canacomyrica, 123
Canacomyricoideae, 123
Cananga, 42
Canarieae, 378
Canarina, 487, 488

Canarinoideae, 487, 488
Canarium, 378
Canavalia, 352
Canbya, 95, 96
Cancrinia, 503
Candolleodendron, 351
Canella, 31
Canellaceae, 31
Canellales, 30
Canistrum, 701
Canna, 708
Cannabaceae, 279, 281
Cannabis, 279, 281
Cannaceae, 702, 706, 708
Cannales, 702
Cannelaceae, 30, 31
Cannelales, 30
Cannomois, 739
Canopodaceae, 422
Canotia, 409, 412
Canotiaceae, 411
Canscora, 520
Cansjera, 421
Cansjeraceae, 421
Canthium, 519
Canthus, 561
Cantleya, 469
Cantua, 201
Cantueae, 201
Capanea, 567
Caperonia, 288
Capirona, 519
Capitanopsis, 574
Capitanya, 573
Capitularina, 731
Capnoides, 96
Capparaceae, 245, 246, 250, 252, 254
Capparales, 240, 242, 245, 246, 255
Capparanae, 238
Cappareae, 252
Capparidaceae, 255
Capparis, 249, 252
Capraria, 565
Caprariaceae, 565
Caprifoliaceae, 459, 462, 568
Capsella, 254
Capsicodendron, 31
Capsicum, 531, 533
Captaincookia, 519
Capurodendron, 212
Capuronia, 341
Capuronianthoideae, 377
Capuronianthus, 377
Caragana, 353
Caraipa, 182
Carallia, 401
Caralluma, 522
Cardamine, 253
Cardaminopsis, 253
Cardamum, 253
Cardaria, 253
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Cardenanthus, 658
Cardiandra, 447
Cardiandreae, 447
Cardiochamyeae, 534
Cardiochlamys, 534
Cardiocrinum, 634
Cardionema, 141
Cardiopetalum, 42
Cardiopteridaceae, 469, 470
Cardiopteris, 470
Cardiospermum, 362, 364
Carduaceae, 501
Carduinae, 502
Carduncellus, 502
Carduoideae, 502
Carduus, 502
Cardwellia, 72
Carex, 731
Careya, 204
Caribea, 137
Carica, 243, 244
Caricaceae, 228, 244, 731
Caricales, 243
Caricoideae, 731
Carieae, 695
Carinavalva, 254
Cariniana, 204
Carissa, 521
Carisseae, 521
Carlemannia, 552, 568
Carlemanniaceae, 552, 568
Carlephyton, 619
Carlina, 502
Carlininae, 502
Carlowrightia, 570
Carludovica, 682
Carludovicoideae, 682
Carmichaelia, 353
Carmichaelieae, 353
Carmona, 541
Carnarvonia, 72
Carnarvonioideae, 72
Carnegiea, 140
Carpacoce, 519
Carpanthea, 138
Carpentaria, 695
Carpenteria, 436, 445, 446
Carpesium, 503
Carphalea, 518
Carpinaceae, 120
Carpinoideae, 120
Carpinus, 119, 120
Carpobrotus, 134, 138
Carpoceras, 254
Carpodetaceae, 484, 485
Carpodetus, 485
Carpodiptera, 268
Carpolepis, 342
Carpolobia, 357
Carpolobieae, 357
Carpolyza, 669

Carponema, 254
Carpotroche, 226
Carpoxylon, 695
Carpus, 253
Carrichtera, 253
Carrierea, 224, 226
Carrissoa, 352
Carronia, 80
Carruanthus, 138
Carruthersia, 521
Carthamus, 502
Cartonema, 712, 716
Cartonemataceae, 715
Cartonemateae, 716
Cartonematoideae, 715, 716
Carum, 479
Carvalhoa, 521
Carya, 126
Caryocar, 172, 173
Caryocaraceae, 170, 172, 173
Caryodaphnopsis, 51
Caryodendreae, 288
Caryodendron, 288
Caryomene, 80
Caryophylales, 136
Caryophyllaceae, 130, 135, 138, 141, 142, 154
Caryophyllales, 129, 130, 138, 140, 153, 154, 155, 157, 

161, 254
Caryophyllanae, 130
Caryophylleae, 141
Caryophyllidae, 129, 136
Caryophylloideae, 141
Caryopterideae, 572
Caryopteris, 572
Caryota, 693, 695
Caryotaceae, 694
Caryoteae, 695
Caryotophora, 138
Casasia, 519
Cascadia, 306
Cascaronia, 352
Casearia, 226
Casearieae, 224, 226
Casimirella, 469
Casimiroa, 375
Casselia, 571
Casselieae, 571
Cassia, 351
Cassiaceae, 350
Cassieae, 350, 353
Cassine, 411
Cassineae, 411
Cassinia, 503
Cassiniaceae, 501
Cassinopsis, 468, 469
Cassiope, 192
Cassiopoideae, 192
Cassipourea, 401
Cassipoureaceae, 401
Cassuviaceae, 378
Cassytha, 47, 48, 52
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Cassythaceae, 51
Cassythoideae, 52
Castanea, 117
Castaneaceae, 117
Castaneoideae, 117
Castanopsis, 117
Castanospermum, 352
Castela, 371, 372, 376
Castelaceae, 376
Castelia, 571
Castellanoa, 669
Castelnavia, 312
Castilla, 281
Castilleae, 281
Castilleja, 566
Castratella, 340
Casuarina, 122
Casuarinaceae, 122, 123
Casuarinales, 108, 121
Catabrosa, 744
Catacolea, 739
Catadysia, 253
Catalepidia, 73
Catalpa, 554, 566
Catananche, 503
Catanthera, 340
Catasetum, 649
Catenulina, 253
Catesbaea, 520
Catesbaeaceae, 518
Catesbaeae, 519
Catha, 411
Catharanthus, 521
Cathayanthe, 567
Cathcartia, 94, 95
Cathedra, 421
Cathedraceae, 421
Cathestecum, 745
Cathetostemma, 522
Cathissa, 668
Cathormion, 351
Catocoryne, 340
Catoferia, 558, 573
Catoferieae, 573
Catophractes, 566
Catopsideae, 700
Catostemateae, 270
Catostemma, 270
Cattleya, 649
Catunaregam, 519
Caucalideae, 479
Caucalis, 479
Caulanthus, 252
Caulipsolon, 137
Caulokaempferia, 705, 707
Caulophyllum, 82
Caulostramina, 253
Caustis, 731
Cautleya, 707
Cavacoa, 288
Cavanillesia, 270

Cavendishia, 193
Cayaponis, 235
Caylusea, 247, 254
Cayluseeae, 254
Cayratia, 316
Ceanothus, 430, 432
Cecarria, 422
Cecropia, 281
Cecropiaceae, 279, 281
Cedrela, 378
Cedrelaceae, 377
Cedreleae, 371, 378
Cedrelinga, 351
Cedrelopsis, 370, 377
Cedronella, 573
Ceiba, 270, 432
Ceibeae, 270
Celaenodendron, 287
Celastraceae, 407, 409, 411, 412
Celastrales, 407, 411, 413, 416, 429
Celastranae, 407
Celastreae, 411
Celastroideae, 411, 412
Celastrus, 411
Celerina, 570
Celianella, 287
Celiantha, 520
Celosia, 142
Celosiaceae, 142
Celosieae, 142
Celsia, 565
Celtidaceae, 280
Celtidoideae, 280, 281
Celtis, 280
Cenarrhenes, 72
Cenchrus, 746
Cenocentrum, 270
Cenostigma, 351
Cenrtoplaceae, 289
Centauraceae, 501
Centaurea, 502
Centaureinae, 502
Centaurium, 520
Centaurodendron, 502
Centella, 479
Centema, 142
Centemopsis, 142
Centotheca, 745
Centotheceae, 745
Centothecoideae, 745
Centradenia, 340
Centranthera, 566
Centranthus, 458, 459, 462
Centrilla, 570
Centrolepidaceae, 736, 737, 739
Centrolepidales, 739
Centrolepis, 737, 739
Centrolobium, 352
Centronia, 340
Centroplacus, 286, 289
Centropogon, 489
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Centrosema, 352
Centrostachys, 142
Centrostegia, 155
Centunculus, 216
Cepaceae, 669
Cephaelis, 518
Cephalanthaceae, 518
Cephalanthera, 648
Cephalanthus, 520
Cephalaralia, 478
Cephalaria, 460, 463
Cephalocanthus, 570
Cephalocarpus, 731
Cephalocereus, 140
Cephalocroton, 288
Cephalocrotonopsis, 288
Cephalohibiscus, 270
Cephalolophilon, 155
Cephalomappa, 288
Cephalopentandra, 235
Cephalophyllum, 138
Cephalorhizum, 157
Cephalorrhynchus, 503
Cephalosphaera, 46
Cephalostemon, 724
Cephalostigma, 488
Cephalotaceae, 299
Cephalotales, 299
Cephalotomandra, 133, 137
Cephalotus, 299
Ceraria, 139, 140
Cerastiaceae, 141
Cerastium, 141
Cerasus, 321
Ceratanthus, 573
Ceratiola, 188, 192
Ceratocapnos, 96
Ceratocarpus, 143
Ceratocaryum, 739
Ceratocephala, 85, 88
Ceratocnemum, 253
Ceratolacis, 312
Ceratolobus, 695
Ceratominthe, 573
Ceratonia, 351, 353
Ceratopetalum, 294, 295, 298
Ceratophyllaceae, 11, 29
Ceratophyllales, 28, 29
Ceratophyllum, 28, 29
Ceratophytum, 567
Ceratopyxis, 520
Ceratosanthes, 235
Ceratosicyos, 224, 228
Ceratostema, 193
Ceratostigma, 157
Ceratotheca, 568
Cerbera, 521, 522
Cerberaceae, 521
Cerberiopsis, 521
Cercestis, 618
Cercideae, 350, 353

Cercidiphyllaceae, 105
Cercidiphyllales, 105, 107
Cercidiphyllum, 105, 107
Cercis, 350, 353
Cercocarpaceae, 319
Cercocarpeae, 320
Cercocarpoideae, 321
Cercocarpus, 320, 321
Cercodiaceae, 305
Cerdia, 141
Cereaceae, 139
Cereeae, 139
Cerinthaceae, 541
Cerinthe, 540, 542
Ceriops, 401
Ceriscoides, 519
Cerochlamys, 138
Ceropegia, 522
Ceropegieae, 522
Ceroxylaceae, 694
Ceroxyleae, 695
Ceroxyloideae, 695
Ceroxylon, 695
Cervantesia, 422
Cespedesia, 187
Cestraceae, 533
Cestreae, 533
Cestroideae, 533
Cestrum, 533
Ceuthostoma, 122
Cevallia, 447
Cevalliaceae, 447
Chadsia, 352
Chaemepentas, 518
Chaenomeles, 321
Chaenorrhinum, 565
Chaenostoma, 565
Chaerophyllum, 479
Chaetachme, 280
Chaetanthus, 739
Chaetobromus, 744
Chaetocalyx, 352
Chaetocarpeae, 287
Chaetocarpus, 287
Chaetolepis, 340
Chaetolimon, 157
Chaetonychia, 141
Chaetostoma, 340
Chaiturus, 573
Chalarothyrsus, 570
Chalcanthus, 253
Chalema, 235
Chalybea, 340
Chamabainia, 281
Chamaebatia, 320
Chamaebatiaria, 319
Chamaeclitandra, 521
Chamaecrista, 351
Chamaecytisus, 352
Chamaedaphne, 193
Chamaedoraceae, 694
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Chamaedorea, 693, 695
Chamaedoreeae, 695
Chamaelirium, 627
Chamaemeles, 321
Chamaemelum, 503
Chamaemespilus, 321
Chamaemoraceae, 319
Chamaenerion, 342
Chamaepericlymenum, 453
Chamaeranthemum, 570
Chamaerhodos, 320
Chamaerops, 695
Chamaesaracha, 533
Chamaesciadium, 479
Chamaescilla, 667
Chamaesphacos, 573
Chamaesyce, 289
Chamaexeros, 728
Chamebeyronia, 695
Chamelauciaceae, 342
Chamelaucieae, 343
Chamelaucioideae, 343
Chamelaucium, 337, 343
Chamerion, 342
Chamguava, 342
Chamira, 253
Chamireae, 253
Chamissoa, 142
Chamissoniophila, 542
Chamomilla, 503
Champereia, 421
Championia, 567
Changiostyrax, 209
Chapmannia, 352
Chapmanolirion, 669
Chaptalia, 502
Charadrophila, 565
Chardinia, 502
Charianthus, 340
Charpentiera, 142
Chartolepis, 502
Chartoloma, 253
Chasallia, 518
Chascanum, 571
Chascotheca, 286
Chasmanthe, 658
Chasmanthera, 80
Chasmanthium, 745
Chasmatophyllum, 138
Chaunanthus, 253
Chaunochiton, 421
Chaunostoma, 573
Chaydaia, 432
Chazaliella, 518
Cheesemania, 253
Cheiloclinium, 412
Cheilophyllum, 565
Cheilosa, 288
Cheilosaceae, 287
Cheilosoideae, 288
Cheilotheca, 191

Cheiranthera, 473, 478
Cheiranthus, 253
Cheiridopsis, 138
Cheirodendrom, 478
Cheirodendron, 473
Cheirolaena, 269
Chelidoniaceae, 95
Chelidonieae, 95
Chelidonioideae, 95
Chelidonium, 95
Chelonaceae, 565
Chelonanthus, 520
Chelone, 565
Cheloneae, 565, 567
Chelonopsis, 573
Chelyocarpus, 695
Chenolea, 143
Chenopodiaceae, 130, 135, 139, 142, 154
Chenopodieae, 143
Chenopodioideae, 143
Chenopodiopsis, 565
Chenopodium, 143
Chesneya, 353
Chevalierella, 745
Chevalliera, 701
Chiangiodendron, 226
Chiastophyllum, 305
Chichicaste, 447
Chidlowia, 351
Chieniodendron, 42
Chileranthemum, 570
Chilianthus, 564
Chilocardamum, 253
Chilocarpus, 521
Chiloglottis, 649
Chilopsis, 566
Chimaphila, 192
Chimarrhis, 519
Chimonanthaceae, 51
Chimonanthus, 51
Chingithamnaceae, 411
Chiococca, 520
Chionachne, 746
Chionanthus, 545, 546
Chione, 520
Chionocharis, 542
Chionochloa, 744
Chionodoxa, 665, 668
Chionographidaceae, 626
Chionographideae, 626, 627
Chionographis, 626, 627
Chionohebe, 566
Chionophila, 565
Chionothrix, 142
Chiranthodendraceae, 269
Chiranthodendron, 269
Chirita, 567
Chiritopsis, 567
Chironia, 520
Chironiaceae, 520
Chironieae, 520



Index 775

Chiropetalum, 288
Chisocheton, 377
Chlaenandra, 80
Chlaenosciadium, 479
Chlamydacanthus, 570
Chlamydoboea, 567
Chlamydocardia, 570
Chlamydocarya, 469
Chlamydophytum, 427
Chlamydostachya, 570
Chlidanthus, 669
Chloanthaceae, 571
Chloanthae, 572
Chloanthes, 572
Chloraea, 649
Chloranthaceae, 25, 26
Chloranthales, 25, 26
Chloranthus, 25, 26
Chloridaceae, 742
Chlorideae, 745
Chloridoideae, 745
Chloris, 745
Chlorocardium, 51
Chlorocarpa, 226
Chlorochorion, 518
Chlorocrambe, 252
Chlorogalaceae, 668
Chlorogaloideae, 668
Chlorogalum, 665, 668
Chloroleucon, 351
Chlorophytum, 663, 667
Chlorospatha, 619
Chloroxylon, 375
Choerospondias, 378
Choisya, 375
Chomelia, 520
Chondrilla, 503
Chondrodendron, 80
Chondropetalum, 739
Chondrostylis, 288
Chonemorpha, 521
Chonocentrum, 286
Chordifex, 739
Chordospartium, 353
Choretrum, 422
Choricarpia, 342
Choriceras, 287
Chorigyne, 682
Chorilaena, 375
Choriptera, 143
Chorisepalum, 520
Chorisia, 270
Chorisochora, 570
Chorispora, 253
Choristemon, 193
Choristylis, 300, 307
Choritaenia, 479
Chorizandra, 731
Chorizanthe, 155
Chorizema, 352
Chortolirion, 667

Chosenia, 225, 226, 227
Choulettia, 519
Christia, 353
Christiana, 268
Christisonia, 566
Christolea, 253
Chroesthes, 570
Chromolaena, 503
Chromolucuma, 211
Chrozophora, 288
Chrozophoreae, 288
Chrysactinium, 503
Chrysanthellum, 503
Chrysanthemoides, 501, 503
Chrysanthemum, 503
Chrysaspis, 353
Chrysitricheae, 731
Chrysitrix, 731
Chrysobalanaceae, 327
Chrysobalanales, 325
Chrysobalaneae, 327
Chrysobalanus, 327
Chrysochamela, 253
Chrysochlamys, 182
Chrysocoma, 503
Chrysolepis, 117
Chrysophylleae, 211
Chrysophyllum, 211
Chrysopioideae, 182
Chrysopogon, 746
Chrysopsis, 503
Chrysoscias, 352
Chrysospleniaceae, 306
Chrysosplenium, 303, 306
Chrysothamnus, 503
Chrysothemis, 567
Chukrasia, 378
Chunia, 109
Chuniophoeniceae, 695
Chuniophoenix, 695
Chuquiraga, 502
Chusquea, 743
Chydenanthus, 204
Chylamydojatropha, 288
Chylocalyx, 155
Chymsydia, 479
Cibirhiza, 522
Cicendia, 520
Cicer, 353
Ciceraceae, 350
Cicerbita, 503
Cicereae, 353
Cichoriaceae, 501
Cichorieae, 503
Cichorioideae, 502
Cichorium, 503
Cicufa, 479
Cienfuegosia, 270
Cimicifuga, 87
Cimicifugaceae, 86
Cimicifugeae, 87



776 Index

Cimicifugoideae, 87, 88
Cinchona, 516, 519
Cinchonaceae, 518
Cinchoneae, 519
Cinchonoideae, 519
Cincinobotrys, 340
Cineraria, 503
Cinna, 744
Cinnadenia, 49, 51
Cinnamodendron, 31
Cinnamomeae, 51
Cinnamomum, 52
Cinnamosma, 31
Cionomene, 80
Cionosicyos, 235
Cipadessa, 377
Cipocereus, 139
Cipoia, 312
Cipura, 658
Circaea, 336, 342
Circaeaceae, 342
Circaeaster, 91, 92
Circaeasteraceae, 86, 92
Circaeasterales, 91, 92
Circaeeae, 342
Circandra, 138
Cirsium, 502
Cissaceae, 316
Cissampelos, 80
Cissarobryon, 388
Cissus, 316
Cistaceae, 266, 271
Cistanche, 566
Cistanthe, 138
Cisteae, 271
Cistus, 271
Cithareloma, 253
Citharexyleae, 571
Citharexylum, 571
Citraceae, 375
Citriobatus, 478
Citroideae, 376
Citronella, 467, 469
Citropsis, 376
Citrullus, 235
Citrus, 376
Cladanthus, 503
Cladium, 731
Cladoceras, 519
Cladocolea, 422
Cladogelonium, 288
Cladogynos, 288
Cladomyza, 422
Cladopus, 312
Cladostemon, 252
Cladostigma, 534
Cladothamneae, 192
Cladothamnus, 192
Cladrastis, 352
Claoxylon, 288
Claoxylopsis, 288

Clappertonia, 268
Clara, 669
Clarisia, 281
Clarkeasia, 570
Clarkia, 342
Clastopus, 253
Clathrotropis, 352
Clausena, 376
Clauseneae, 376
Clausia, 253
Clavija, 214
Claytonia, 139
Claytonia, 132, 138
Cleghornia, 521
Cleidiocarpon, 288
Cleidion, 288
Cleisostoma, 649
Cleistanthus, 284, 286
Cleistes, 648
Cleistocactus, 139, 140
Cleistochlamys, 42
Cleistopholis, 42
Clematepistephium, 648
Clematicissus, 316
Clematidaceae, 86
Clematis, 86, 88
Clematoclethra, 189, 190
Clematoclethroideae, 190
Clematopsis, 88
Clemensiella, 522
Cleobulia, 352
Cleomaceae, 251, 252, 254, 255
Cleome, 252
Cleomeae, 252
Cleomella, 252
Cleomoideae, 252
Cleonia, 573
Cleretum, 138
Clermontia, 487, 489
Clerodendreae, 572
Clerodendrum, 572
Clethra, 191
Clethraceae, 188, 189, 190, 191, 193
Clevelandia, 566
Cleyera, 173
Clianthus, 353
Clidemia, 340
Cliffortia, 320
Cliftonia, 191
Climacoptera, 143
Clinacanthus, 570
Clinantheae, 669
Clinopodium, 573
Clinosperma, 695
Clinostemon, 51
Clinostigma, 695
Clintonia, 631, 634
Clintonieae, 634
Cliococca, 401
Clistax, 570
Clitandra, 521
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Clitoria, 352
Clitoriopsis, 352
Clivia, 664, 669
Clonodia, 405
Clusia, 182
Clusiaceae, 180, 181
Clusieae, 182
Clusiella, 182
Clusioideae, 182
Clutia, 287
Clutieae, 287
Clymenia, 376
Clypeola, 253
Clytostoma, 567
Cneoraceae, 370, 376
Cneoridium, 375
Cneorum, 376
Cnesmone, 288
Cnestiaceae, 359
Cnestidium, 359
Cnestis, 359
Cnicaceae, 501
Cnicus, 502
Cnidoscolus, 288
Cobaea, 200
Cobaeoideae, 201
Cobana, 658
Cobananthus, 567
Cobea, 201
Coccinia, 235
Coccoceras, 288
Coccocypselea, 518
Coccocypselum, 518
Coccoloba, 154, 155
Coccolobeae, 155
Cocconerion, 288
Coccothrinax, 695
Cocculus, 80
Cochlearia, 253
Cochlianthus, 352
Cochlidiosperma, 566
Cochliostema, 716
Cochlospermaceae, 265, 270, 271
Cochlospermum, 265, 271
Coccoloba, 154 
Cocos, 695
Cocosaceae, 694
Cocoseae, 695
Codariocalyx, 353
Coddia, 519
Codia, 294, 295
Codiaeae, 288
Codiaeum, 288
Codiocarpus, 469
Codon, 539, 541
Codonacanthus, 570
Codonanthe, 567
Codonanthopsis, 567
Codonoboea, 567
Codonocarpus, 254
Codonoideae, 541

Codonopsideae, 488
Codonopsis, 487, 488, 494
Coelachne, 745
Coelanthum, 141
Coelidium, 352
Coelocarpum, 571
Coelocaryon, 46
Coelochyrum, 745
Coelogyne, 649
Coelogyneae, 649
Coelonema, 253
Coeloneurum, 534
Coelospermum, 518
Coelostegia, 270
Coffea, 519
Coffeaceae, 518
Coffeeae, 519
Cogniauxia, 235
Cohnia, 647
Coilochilus, 649
Coilonox, 668
Coincya, 253
Coix, 746
Cojoba, 351
Cola, 264, 269
Colchicaceae, 630, 632, 633, 634, 675, 677
Colchiceae, 633
Colchicoideae, 632, 633
Colchicum, 631, 633
Coldenia, 541
Colea, 567
Coleactina, 519
Coleae, 554
Coleanthera, 193
Colebrookea, 573
Coleeae, 567
Coleocarya, 739
Coleocephalocereus, 139
Coleochloa, 731
Coleogeton, 611
Coleogynaceae, 319
Coleogyne, 320, 321
Coleogynoideae, 320, 321
Coleonema, 375
Coleostachys, 404, 405
Coleotrype, 716
Coleus, 573
Colignoma, 137
Collaea, 352
Colletia, 430, 432
Colletia armata, 429
Colletieae, 432
Colletoecema, 518
Colletogyne, 619
Colliguaja, 288
Collinsia, 565
Collinsieae, 565
Collinsonia, 573
Collomia, 201
Collospermum, 645, 647
Collumelliaceae, 444
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Colobanthus, 141
Colocasia, 619
Colocasieae, 619
Cologania, 352
Colombobalanus, 117
Colona, 268
Coloneae, 268, 432
Colophospermum, 350
Colopogonium, 352
Colpias, 565
Colpodium, 744
Colpogyne, 567
Colpoon, 422
Colpothrinax, 695
Colquhounia, 573
Colubrina, 432
Columellia, 441, 442
Columelliaceae, 439, 441, 442, 458
Columnea, 567
Coluria, 320
Colutea, 353
Coluteocarpus, 253
Colvillea, 351
Comandra, 422
Comanthosphace, 573
Comarostaphylos, 192
Comarum, 320
Comastoma, 520
Combera, 533
Combretaceae, 332, 339
Combreteae, 339
Combretocarpus, 297, 298
Combretodendron, 204
Combretoideae, 339
Combretum, 332, 339
Comesperma, 357
Cometes, 141
Comia, 695
Cominsia, 708
Comiphyton, 401
Commelianae, 711
Commelina, 716
Commelinaceae, 711, 712, 715, 723
Commelinales, 711, 720
Commelinanae, 700, 724, 727, 729
Commelineae, 716
Commelinidae, 699
Commelinoideae, 716
Commersonia, 269
Commicarpus, 137
Commidendrum, 503
Commiphora, 378
Commitheca, 518
Comocladia, 378
Comocladiaceae, 378
Comolia, 340
Comoliopsis, 340
Comoranthus, 546
Comospermum, 667
Compositae, 501
Compsoaceae, 633

Compsoneura, 46
Comptonella, 375
Comptonia, 123
Conandrium, 215
Conandron, 567
Conanthera, 657
Conantheraceae, 657
Conceveiba, 288
Condalia, 432
Condaminea, 516, 519
Condamineae, 519
Condylocarpon, 521
Congea, 571
Congolanthus, 520
Coniandreae, 235
Conicosia, 138
Conimitella, 306
Conium, 479
Connaraceae, 350, 358, 359
Connarales, 358
Connarus, 358, 359
Connellia, 700
Conobea, 565
Conocalyx, 570
Conocarpus, 339
Conomitra, 522
Conopholis, 566
Conophytum, 138
Conopodium, 479
Conosapium, 288
Conospermeae, 72
Conospermum, 71, 72
Conostegia, 340
Conostephium, 193
Conostomium, 519
Conostylidaceae, 716
Conostylidoideae, 715, 716, 717
Conostylis, 715, 717
Conradina, 573
Conringia, 253
Consolida, 87
Conval, 677
Convallariaceae, 674, 675, 677
Convallarieae, 677
Convallarioideae, 677
Convolvulaceae, 532, 534, 535
Convolvuleae, 534
Convolvulus, 532, 534
Conyza, 503
Conzattia, 351
Cooperia, 669
Coopernookia, 501
Copaifera, 350
Copernicia, 695
Copiapoa, 140
Coprosma, 516, 519
Coptideae, 87
Coptidoideae, 87, 88
Coptis, 87, 88
Coptophyllum, 518
Coptosperma, 519
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Corallocarpus, 235
Corallodiscus, 567
Corallorrhiza, 649
Corallospartium, 353
Corbichonia, 141
Corchorus, 267
Cordeauxia, 351
Cordemoya, 288
Cordia, 539, 540, 541
Cordiaceae, 541
Cordiodeae, 540
Cordioideae, 541
Cordisepalum, 534
Cordyla, 352
Cordylanthus, 566
Cordyline, 645, 647
Cordylocarpus, 253
Cordylogyne, 522
Coreanomecon, 95
Corema, 192
Coreopsis, 503
Corethrodendron, 353
Coriandraceae, 478
Coriandreae, 479
Coriandrum, 479
Coriaria, 383
Coriariaceae, 383, 384
Coriariales, 382
Coridaceae, 215, 216
Coridothymus, 573
Coris, 213, 216
Corispermeae, 143
Corispermum, 143
Cornaceae, 449, 452, 453, 477, 497
Cornales, 436, 442, 455, 472
Cornales, 449
Cornanae, 436, 511
Corneae, 315
Cornukaempferia, 707
Cornulaca, 143
Cornus, 449, 452, 453
Cornus peruviana, 451
Cornutia, 571
Corokia, 495, 497
Corokiaceae, 496, 497
Corollonema, 522
Coronanthera, 567
Coronanthereae, 553
Coronatheroideae, 567
Coronilla, 353
Coronilloaceae, 350
Coronopus, 253
Corothamnus, 352
Coroya, 352
Corpuscularia, 138
Correa, 369, 375
Corrigiola, 134, 141
Corrigiolaceae, 141
Corrigioleae, 141
Corryocactus, 140
Corsia, 637, 638

Corsiaceae, 636, 637, 638
Corsiopsis, 637, 638
Cortaderia, 744
Cortesia, 541
Cortusa, 215
Coryanthera, 343
Corybas, 649
Corydalaceae, 96
Corydaleae, 96
Corydalis, 96
Corylaceae, 120
Corylales, 119
Coryloideae, 120
Corylopsideae, 109
Corylopsis, 107, 108, 109
Corylus, 119, 120
Corymbia, 343
Corymbieae, 503
Corymbium, 503
Corynabutilon, 270
Corynaea, 426, 427
Corynanthe, 520
Corynella, 353
Corynocarpaceae, 384
Corynocarpales, 383
Corynocarpus, 384
Corynostylis, 227
Corynotheca, 667
Corypha, 695
Coryphaceae, 694
Coryphantha, 140
Corypheae, 695
Coryphoideae, 695
Coryphothamnus, 520
Corythophora, 204
Corytoplectus, 567
Coscinium, 80
Cosmelia, 193
Cosmelieae, 193
Cosmianthemum, 570
Cosmibuena, 520
Cosmos, 503
Cosmostigma, 522
Cossignieae, 364
Cossinia, 364
Costaceae, 703, 706, 707
Costera, 193
Costularia, 731
Costus, 703, 705, 707, 708
Cotinus, 378
Cotoneaster, 321
Cotten, 700
Cottendorfi a, 700
Cotula, 503
Cotylanthera, 515, 520
Cotyledon, 305
Cotyledonaceae, 305
Cotyledonoideae, 305
Cotylelobium, 268
Couepia, 327
Coula, 421
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Coulaceae, 421
Couleae, 421
Coulteria, 351
Couma, 521
Couratari, 204
Couratarieae, 204
Couroupita, 204
Couroupiteae, 204
Coursetia, 353
Courtoisina, 731
Cousinia, 502
Coussapoa, 281
Coussarea, 518
Coussareeae, 518
Coutaportla, 520
Coutarea, 520
Coutareaceae, 518
Coutoubea, 520
Coutoubeaceae, 520
Cowania, 320
Crabbea, 570
Cracca, 352
Cracosna, 520
Craeia, 313
Craibia, 352
Craibiodendron, 193
Craigia, 268
Craigieae, 268
Crambe, 253
Crambella, 253
Cranichideae, 649
Cranichis, 649
Craniolaria, 559, 568
Craniospermum, 542
Craniotome, 573
Cranocarpus, 352
Craspedolobium, 352
Craspedorhachis, 745
Craspidospermum, 521
Crassocephalum, 503
Crassula, 303, 305
Crassulaceae, 300, 302, 303, 305, 306, 312, 395
Crassuloideae, 305
Crataegeae, 321
Crataegus, 321
Crateranthus, 204
Craterispermeae, 518
Craterispermum, 518
Craterocapsa, 488
Craterosiphon, 271
Craterostigma, 565
Crateva, 252
Cratoxyleae, 182
Cratoxylum, 182
Cratylia, 352
Crawfurdia, 520
Cremaspora, 519
Cremasporeae, 519
Cremastopus, 235
Crematosperma, 42
Cremersia, 567

Cremnophyla, 305
Cremolobeae, 252
Cremolobus, 252
Cremosperma, 567
Cremospermopsis, 567
Crenea, 341
Crenias, 312
Crenidium, 534
Creochiton, 340
Crepidorhopalon, 565
Crepidos, 378
Crepis, 503
Crescentia, 567
Crescentiaceae, 566
Crescentieae, 554, 567
Cressa, 534
Cresseae, 534
Crinaceae, 669
Crinodendron, 232
Crinum, 664, 669
Crioceras, 521
Crispiloba, 497
Cristaria, 270
Cristatella, 252
Cristonia, 352
Crithmum, 479
Critonia, 503
Crocaceae, 657
Crocanthemum, 271
Crocosmia, 658
Crocus, 658
Croizatia, 287
Croizatieae, 287
Cromidon, 565
Croninia, 193
Croomia, 688
Croomiaceae, 688
Crossandra, 569
Crosslandia, 731
Crossndrella, 569
Crossopetalum, 411
Crossopteryx, 520
Crossosoma, 324
Crossosomataceae, 324
Crossosomatales, 324
Crossostemma, 221, 228
Crossostylideae, 401
Crossostylis, 400, 401, 402
Crossyne, 669
Crotalaria, 352
Crotalarieae, 352
Croton, 288
Crotonaceae, 287
Crotoneae, 288
Crotonogyne, 288
Crotonogynopsis, 288
Crotonoideae, 284, 288
Crotonopsis, 288
Crowea, 375
Crucianella, 519
Cruciata, 519
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Cruciferae, 252
Crucihimalaya, 253
Cruckshanksia, 518
Cruckshanksieae, 518
Cruddasia, 352
Crudia, 350
Crumenaria, 429, 432
Crunocallis, 138
Crupina, 502
Crusea, 519
Cruzia, 572
Cryosophila, 695
Crypsis, 742, 745
Cryptandra, 432
Cryptangieae, 731
Cryptantha, 542
Cryptanthus, 701
Crypteronia, 339
Crypteroniaceae, 328, 333, 338, 339, 341
Cryptocapnos, 96
Cryptocarpus, 137
Cryptocarya, 52
Cryptocaryeae, 52
Cryptocodon, 488
Cryptocorynaceae, 618
Cryptocoryne, 619
Cryptocoryneae, 619
Cryptolepis, 521
Cryptosepalum, 350
Cryptospora, 253
Cryptostegia, 521
Cryptostegiaceae, 521
Cryptostephanus, 669
Cryptotaenia, 479
Cryptothladia, 463
Crysophileae, 695
Ctenanthe, 708
Ctenardisia, 215
Ctenium, 745
Ctenolepis, 235
Ctenolophon, 401
Ctenolophonaceae, 398, 401
Cuatresia, 533
Cubanola, 520
Cubanthus, 289
Cubitanthus, 568
Cucubalus, 135, 142
Cucumella, 235
Cucumeropsis, 235
Cucumis, 235
Cucurbita, 235
Cucurbitaceae, 234, 235, 442
Cucurbitales, 228, 233, 298
Cucurbiteae, 235
Cucurbitella, 235
Cucurbitoideae, 235
Cuervea, 412
Culcasia, 618
Culca-sieae, 618
Cullen, 353
Cullenia, 270

Cullumia, 503
Cuminia, 573
Cunila, 573
Cunonia, 294, 295
Cunoniaceae, 294, 295, 296, 298, 361, 436
Cunoniales, 293, 294, 298, 299, 361, 435, 436, 445
Cunoniales, 358
Cunonioideae, 295
Cunuria, 288
Cupania, 362, 364
Cupanieae, 364
Cupaniopsis, 364
Cuphea, 334, 335, 341
Cuphonotus, 253
Cupulanthus, 352
Curarea, 80
Curatella, 168
Curculigo, 646, 648, 649
Curcuma, 707
Curcumorpha, 707
Curingalia, 739
Curtia, 520
Curtisia, 453
Curtisiaceae, 450, 453
Curupira, 421
Cuscatlania, 137
Cuscuta, 534
Cuscutaceae, 533, 534
Cusickiella, 253
Cusparia, 375
Cusparieae, 375
Cuspidaria, 567
Cussonia, 478
Cutandia, 744
Cuttsia, 441, 485
Cuviera, 519
Cyamopsis, 352
Cyanandrium, 340
Cyananthaceae, 487
Cyanantheae, 488
Cyananthoideae, 488
Cyananthus, 486, 487, 488
Cyanastraceae, 656, 657, 678
Cyanastrum, 657
Cyanea, 489
Cyanella, 657
Cyanellaceae, 657
Cyaneuron, 519
Cyanicula, 649
Cyanogeton, 608
Cyanostegia, 572
Cyanothamnus, 375
Cyanotis, 716
Cyathella, 522
Cyathobasis, 143
Cyathocalyx, 42
Cyathochaeta, 731
Cyathocoma, 731
Cyathodes, 193
Cyathophylla, 142
Cyathopsis, 193
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Cyathostegia, 351
Cyathostelma, 522
Cyathostemma, 42
Cyathula, 142
Cybianthus, 215
Cybistax, 566
Cybistetes, 669
Cyclacanthus, 570
Cycladenia, 521
Cyclamen, 213, 214, 216
Cyclaminoideae, 216
Cyclanthaceae, 682, 683, 685
Cyclanthales, 616
Cyclanthales, 680, 681, 682
Cyclanthera, 234, 235
Cyclantheraceae, 235
Cyclantheropsis, 235
Cyclanthoideae, 682
Cyclanthus, 681, 682
Cyclea, 80
Cyclocarpa, 352
Cyclocarya, 126
Cyclocheilaceae, 557, 571
Cyclocheilon, 557, 571
Cyclocotyla, 521
Cyclolobium, 352
Cycloloma, 143
Cyclopia, 352
Cycloptychis, 254
Cyclospatheae, 695
Cyclostachya, 745
Cyclostemon, 284
Cyclotachya, 745
Cyclotrichium, 573
Cycniopsis, 566
Cycnium, 566
Cycnogeton, 611
Cydista, 567
Cydonia, 321
Cydoniaceae, 319
Cylicodiscus, 351
Cylicomorpha, 244
Cylindrocarpa, 488
Cylindrocline, 503
Cylindrophyllum, 138
Cylindropsis, 521
Cylindrosolenium, 570
Cymaria, 574
Cymatocarpus, 253
Cymbalaria, 565
Cymbaria, 566
Cymbarieae, 566
Cymbidieae, 649
Cymbidium, 649
Cymbocarpa, 637
Cymbocarpum, 479
Cymbochasma, 566
Cymbolaena, 503
Cymbopetalum, 42
Cymbopogon, 746
Cymbosema, 352

Cymodocea, 610, 612
Cymodoceaceae, 610, 611, 612
Cymophyllus, 731
Cynanchaceae, 521
Cynanchum, 522
Cynara, 502
Cynaraceae, 501
Cynareae, 500, 502
Cyne, 422
Cynocrambaceae, 518
Cynodon, 745
Cynodonteae, 745
Cynogloseae, 542
Cynoglossum, 542
Cynoglottis, 542
Cynometra, 350
Cynomoreales, 427
Cynomoriaceae, 426
Cynomoriales, 425
Cynomorium, 426
Cynorkis, 649
Cynosurus, 744
Cynoxylon, 453
Cypella, 658
Cyperaceae, 724, 729, 731, 732
Cyperales, 735
Cypereae, 731
Cyperoideae, 731
Cyperus, 731
Cyphacanthus, 570
Cyphanthera, 534
Cyphia, 489
Cyphiaceae, 487
Cyphioideae, 489
Cypho, 695
Cyphocardamum, 253
Cyphocarpaceae, 487
Cyphocarpoideae, 488
Cyphocarpus, 489
Cypholepis, 745
Cypholophus, 281
Cyphomandra, 533
Cyphomeris, 137
Cyphophoenix, 695
Cyphosperma, 695
Cyphostemma, 316
Cyphos-tigma, 707
Cyphos-tigma, 707
Cyphostyla, 340
Cypripediaceae, 648
Cypripedioideae, 646, 648
Cypripedium, 648
Cypselea, 137
Cypselocarpus, 247, 254
Cyrilla, 191
Cyrillaceae, 188, 189, 191
Cyrillopsis, 399, 401
Cyrtandra, 567
Cyrtandraceae, 567
Cyrtandroideae, 553
Cyrtanthaceae, 669
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Cyrtantheae, 669
Cyrtanthus, 669
Cyrtogonone, 288
Cyrtorhyncba, 88
Cyrtosia, 648
Cyrtosperma, 618
Cyrtostachys, 695
Cyrtostylis, 649
Cystacanthus, 570
Cysticapnos, 96
Cytinaceae, 66, 67
Cytinales, 65
Cytinus, 66, 67
Cytisophyllum, 352
Cytisopsis, 353
Cytisus, 352
Cytogonidium, 739
Cytrtandroideae, 567
Cyttaranthus, 288

D
Daboecia, 192
Daboecieae, 192
Dacanthus, 353
Dacryodes, 374, 378
Dactyladenia, 327
Dactylaena, 252
Dactylanthaceae, 427
Dactylanthoideae, 427
Dactylanthus, 426, 427
Dactyliandra, 235
Dactylicapnos, 96
Dactyliophora, 422
Dactylis, 744
Dactylo, 253
Dactylocladus, 333, 339
Dactylopetalum, 401
Dactylorhiza, 649
Dactylostelma, 522
Daemonorops, 695
Daenikera, 422
Dahlgrenodendron, 51
Dahlia, 503
Dahlstedtia, 352
Dais, 272
Daiswa, 628, 629
Dalbergaria, 567
Dalbergia, 352
Dalbergieae, 352
Dalbergiella, 352
Dalea, 352
Dalechampia, 288
Dalembertia, 289
Dalhousiea, 352
Dalibarda, 320
Dallachya, 432
Dalrympelea, 361, 363
Dalzellia, 312
Damasonium, 606
Damnacanthus, 518

Dampiera, 499, 501
Danae, 676, 677
Danaideae, 518
Danais, 518
Dandya, 668
Danguya, 570
Daniellia, 350
Dansiea, 339
Danthera, 357
Danthonia, 744
Danthonieae, 744
Danthonioideae, 744
Dapania, 359
Daphnaceae, 271
Daphnandra, 51
Daphne, 271
Daphneae, 271
Daphniphyllaceae, 112
Daphniphyllales, 111, 113
Daphniphyllum, 101, 112
Daphnopsis, 271
Dapsilanthus, 739
Darcyanthus, 533
Darlingia, 72
Darlingtonia, 206
Darmera, 300, 303, 304, 306
Darwinia, 343
Dasistoma, 566
Dasoclema, 42
Dasydesmus, 567
Dasylepis, 226
Dasylirion, 675, 677
Dasymaschalon, 42
Dasyochloa, 745
Dasyphyllum, 502
Dasypogon, 727, 728
Dasypogonaceae, 728
Dasypogonales, 726
Dasytropis, 570
Datisca, 234, 236
Datiscaceae, 234, 235, 236
Datura, 531, 533
Daturaceae, 533
Datureae, 533
Datureae, 530
Daubenya, 668
Daucaceae, 478
Daucus, 479
Dauphinea, 574
Davidia, 452, 453
Davidiaceae, 449, 450, 452
Davidsonia, 295
Davidsonia, 294
Davidsoniaceae, 295
Davidsonioideae, 295
Daviesia, 352
Davilla, 168
Dayaoshania, 567
Daysphaera, 142
Deae, 669
Debregeasia, 281
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Decagonocarpus, 375
Decaisnea, 78
Decaisneoideae, 78
Decaisnina, 422
Decalepis, 521
Decalobanthus, 534
Decaphalangium, 182
Decarydendron, 50
Decaryella, 745
Decaryia, 140
Decaryodendron, 47
Decaschistia, 270
Decaspermum, 342
Decatoca, 193
Decatropis, 375
Decazyx, 375
Deccania, 519
Deckenia, 695
Declieuxia, 518
Decodon, 341
Decorsea, 352
Decorsella, 227
Decumaria, 445, 447
Dedeckera, 155
Deeringia, 142
Deeringiaceae, 142
Deeringothamnus, 42
Degeneria, 35
Degeneriacea, 35
Degeneriaceae, 11, 30, 35, 36, 40
Degenia, 253
Deguelia, 352
Dehaasia, 51
Deianira, 520
Deidamia, 228
Deilanthe, 138
Deinacanthon, 701
Deinanthe, 447
Deinocheilos, 567
Deinostema, 565
Deinostigma, 567
Delarbrea, 473, 478
Delavaya, 364
Delimoideae, 168
Delissea, 489
Delisseeae, 489
Delnbollla, 364
Delonix, 351
Delosperma, 138
Delostoma, 566
Delphineae, 87
Delphiniaceae, 86
Delphinioideae, 87
Delphinium, 87
Delpinophytum, 253
Delpydora, 211
Deltaria, 266, 271
Demosthenesia, 193
Dendristellera, 272
Dendrobangia, 469
Dendrobenthamia, 453

Dendrobium, 649
Dendrocacalia, 503
Dendrocnide, 281
Dendrocousinsia, 288
Dendrokingstonia, 42
Dendrolobium, 353
Dendromecon, 93, 95
Dendromyza, 422
Dendron, 342
Dendropanax, 473, 478
Dendropemon, 422
Dendrophthoaceae, 422
Dendrophthora, 423
Dendroportulaca, 142
Dendropthoe, 422
Dendrosicyos, 233, 235
Dendrosida, 270
Dendrostigma, 224
Dendrothrix, 289
Dendrotrophe, 419, 422
Denmoza, 140
Dennettia, 42
Dentaria, 253
Dentella, 519
Depanthus, 567
Deplanchea, 566
Deprea, 533
Deranthemum, 570
Dermatobotrys, 565
Derris, 352
Derwentia, 566
Desbordesia, 373, 377
Deschampsia, 744
Descurainia, 253
Desfontainia, 442
Desfontainiaceae, 440, 442, 444, 458
Desfontainiales, 442, 444, 458, 486
Desfontainiales, 436, 511
Desideria, 253
Desmanthus, 351
Desmaria, 422
Desmidorchis, 522
Desmocladus, 739
Desmodiastrum, 353
Desmodieae, 353
Desmodium, 353
Desmoncus, 695
Desmopsis, 42
Desmos, 42
Desmoscelis, 340
Desmoschoenus, 731
Desmostachya, 745
Desmostachys, 469
Desplatsia, 268
Desplatsieae, 268
Detariaceae, 350
Detarieae, 350
Detarium, 350
Detzneria, 566
Deuterocohnia, 700
Deuteromallotus, 288
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Deutzia, 445, 446
Deutzianthus, 288
Deutzieae, 446
Devia, 658
Devillea, 312
Dewevrea, 352
Dewevrella, 521
Dhofaria, 252
Diacidia, 405
Dialium, 351
Dialyceras, 264, 270
Dialypetalanthaceae, 515, 518
Dialypetalanthus, 511, 518
Dialypetalum, 489
Dialytheca, 80
Diamantina, 312
Diamena, 667
Diamorpha, 303, 305
Dianella, 661, 667
Dianellaceae, 667
Dianelloidea, 661
Dianelloideae, 667
Dianthaceae, 141
Dianthoveus, 682
Dianthus, 135, 142
Diapensia, 198, 199
Diapensiaceae, 198
Diapensiales, 198
Diaphanoptera, 141
Diarrhena, 744
Diarrheneae, 744
Diarthron, 271
Diascia, 565
Diaspasis, 501
Diastatea, 489
Diastella, 72
Diastema, 567
Diatenopteryx, 362
Dibrachionostylus, 519
Dicarpidium, 269
Dicarpophora, 522
Dicella, 405
Dicellandra, 340
Dicellostyles, 270
Dicentra, 96
Dicerandra, 573
Diceratella, 253
Dicerma, 353
Dicerocaryum, 568
Dichaetanthera, 340
Dichanthium, 746
Dichapetalaceae, 326, 327
Dichapetalum, 327
Dichasianthus, 253
Dichazothece, 570
Dichelostemma, 668
Dicheranthus, 141
Dichilanthe, 520
Dichiloboea, 567
Dichilus, 352
Dichocarpeae, 87

Dichocarpum, 87
Dichodon, 141
Dichoglottis, 141
Dichondra, 534
Dichondreae, 534
Dichopogon, 667
Dichorisandra, 716
Dichosciadium, 479
Dichostemma, 289
Dichostylis, 731
Dichotomanthes, 320
Dichotomanthoideae, 320, 321
Dichroa, 446, 447
Dichrocephala, 503
Dichroeae, 447
Dichrostachys, 351
Dichrotrichum, 567
Dickinsia, 479
Dicladanthera, 570
Diclidanthera, 356, 357
Diclidantheraceae, 357
Diclin, 357
Diclinanona, 42
Dicliptera, 570
Diclis, 565
Dicoelia, 287
Dicoelieae, 287
Dicoelospermum, 235
Dicoma, 502
Dicomeae, 502
Dicorynia, 351
Dicoryphe, 109
Dicraeanthus, 312
Dicraeopetalum, 352
Dicranolepideae, 271
Dicranolepis, 271
Dicranopygium, 682
Dicranostigma, 95
Dicranostyles, 534
Dicraspidia, 267
Dicrastylidiaceae, 571
Dicrastylis, 572
Dicrocaulon, 138
Dictamnaceae, 375
Dictamnus, 369, 375
Dictyandra, 519
Dictyanthus, 522
Dictyocaryum, 695
Dictyolimon, 157
Dictyoloma, 375
Dictyolomatoideae, 375
Dictyophleba, 521
Dictyophragmus, 253
Dictyophyllaria, 648
Dictyosperma, 695
Dictyospermum, 716
Dictyostega, 637
Dicyclophora, 479
Dicymbe, 350
Dicypellium, 51
Didelotia, 350
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Didesmandra, 168
Didesmus, 253
Didierea, 140
Didiereaceae, 130, 134, 139, 140
Didieroideae, 140
Didiplis, 341
Didissandra, 567
Didonica, 193
Didymaea, 519
Didymanthus, 143
Didymaotus, 138
Didymelaceae, 113, 114, 115
Didymeles, 71, 101, 115
Didymiandrum, 731
Didymocarpoideae, 567
Didymocarpus, 567
Didymocistus, 287
Didymodoxa, 281
Didymopanax, 478
Didymophysa, 253
Didymosalpinx, 519
Didymostigma, 567
Dieffenbachia, 618
Diegodendraceae, 264, 270
Diegodendron, 270
Dielsantha, 489
Dielsia, 739
Dielsiocharis, 253
Dielsiothamnus, 42
Dierama, 658
Diervilla, 462
Diervillaceae, 462
Diervilleae, 462
Dieterlea, 235
Dietes, 658
Digera, 142
Digitaleae, 566
Digitalidaceae, 565
Digitalis, 551, 566
Digitaria, 746
Dignathia, 745
Digomphia, 566
Dilatridaceae, 716
Dilatris, 714, 716
Dilkea, 228
Dillenia, 168
Dilleniaceae, 168, 170, 324
Dilleniales, 167, 170, 218
Dillenianae, 167
Dillenieae, 168
Dilleniidae, 101, 167, 168, 227, 293
Dillenioideae, 168
Dillwynia, 352
Dilobeia, 72
Dilophia, 253
Dimeria, 746
Dimerocostus, 702, 707, 708
Dimetra, 546
Dimocarpus, 364
Dimorphandra, 351, 353
Dimorphanthera, 193

Dimorphocalyx, 288
Dimorphocarpa, 253
Dimorphostemon, 253
Dimorphotheca, 503
Dinacria, 305
Dinebra, 745
Dinetus, 534
Dinizia, 351
Dinklageodoxa, 566
Dinochloa, 743
Dinophora, 340
Dintera, 565
Dinteranthus, 138
Dioclea, 352
Diodella, 519
Diodia, 519
Dioecrescis, 519
Diogenesia, 193
Diogoa, 421
Dionaea, 161, 164
Dionaeaceae, 164
Dioncophyllaceae, 162, 163, 164
Dioncophyllum, 163
Dionycha, 340
Dionysia, 215
Diora, 667
Dioscorea, 690, 691
Dioscoreaceae, 691
Dioscoreales, 689
Dioscoreanae, 689
Dioscoreophyllum, 80
Diosma, 375
Diosmaceae, 375
Diosmeae, 375
Diospyraceae, 209
Diospyros, 208, 209
Diostea, 571
Diotacanthus, 570
Dipcadi, 668
Dipcadieae, 668
Dipelta, 462
Dipentodon, 227
Dipentodontaceae, 222, 227
Dipentodontales, 227
Diphasia, 375
Diphelypaea, 566
Diphyllarium, 352
Diphylleia, 81, 83
Diphylleiaceae, 82
Diphysa, 352
Diplachne, 745
Diplacrum, 731
Diplandrorchis, 648
Diplarche, 192
Diplarcheae, 192
Diplarpea, 340
Diplarrhena, 653, 658
Diplasia, 731
Diplaspis, 479
Diplatia, 422
Diplectria, 340
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Diplobryum, 313
Diploclisia, 80
Diplocyclos, 235
Diplodisceae, 268
Diplodiscus, 268
Diploglossum, 522
Diploknema, 211
Diplolaena, 369, 375
Diplolaenaceae, 375
Diplolepis, 522
Diploon, 211
Diplopanax, 451, 452, 453
Diplopeltis, 363
Diplorhynchus, 521
Diplosoma, 138
Diplospora, 519
Diplostephium, 503
Diplostigma, 522
Diplotaenia, 479
Diplotaxis, 253
Diplotropis, 352
Diplusodon, 341
Diplycosia, 193
Dipogon, 352
Dipoma, 253
Diposis, 479
Dipsacaceae, 460, 463
Dipsacales, 435, 461, 467
Dipsacales, 458
Dipsacus, 463
Dipterocarpaceae, 262, 268, 269
Dipterocarpeae, 268
Dipterocarpus, 268
Dipterocome, 501
Dipteronia, 363, 364
Dipteropeltis, 534
Dipterygioideae, 252
Dipterygium, 252
Dipteryx, 352
Dipteryxeae, 352
Diptychandra, 351
Diptychocarpus, 253
Dipyrena, 571
Dirachma, 432
Dirachmaceae, 429, 431, 432, 433
Dirachma somalensis, 431
Dirca, 271
Dirhamphis, 270
Disa, 649
Disanthaceae, 109
Disanthoideae, 109
Disanthus, 109
Discaria, 432
Dischidia, 522
Dischisma, 565
Dischistocalyx, 570
Disciphania, 80
Discocactus, 140
Discocalyx, 215
Discocapnos, 96
Discocarpus, 286

Discoclaoxylon, 288
Discocleidion, 288
Discocnide, 281
Discoglypremna, 288
Discolobium, 352
Discophora, 469
Discophoreae, 469
Discopodium, 533
Discospermum, 519
Discretitheca, 572
Diseae, 649
Disepalum, 42
Disocactus, 139
Disperis, 649
Disphyma, 138
Disporopsis, 677
Disporum, 633
Dissiliaria, 287
Dissocarpus, 143
Dissochaeta, 340
Dissomeria, 226
Dissotis, 340
Disteganthus, 701
Distemonanthus, 351
Disterigma, 193
Distichia, 730, 731
Distichlis, 745
Distichochlamys, 707
Distichostemon, 363
Distictella, 567
Distictis, 567
Distrianthes, 422
Distyilum, 108
Distyliopsis, 109
Distylium, 107, 109
Disynstemon, 352
Ditassa, 522
Ditaxis, 288
Ditepalanthus, 427
Dithyrea, 253
Ditrysinia, 289
Ditta, 288
Dittoceras, 522
Dium, 707
Diurideae, 649
Diuris, 649
Dizygostemon, 565
Djaloniella, 520
Djinga, 312
Dobera, 249, 255
Dobinea, 375, 378
Docynia, 321
Dodartia, 566
Dodecadenia, 52
Dodecahema, 155
Dodecastigma, 288
Dodecatheon, 215
Dodonaea, 362, 363, 364
Dodonaeaceae, 363
Dodonaeeae, 363
Dodonaeoideae, 363, 364
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Doerpfeldia, 432
Doerpfeldieae, 432
Dolichandra, 566
Dolichandrone, 566
Dolichodelphys, 519
Dolicholobium, 519
Dolicholoma, 567
Dolichometra, 519
Dolichopsis, 353
Dolichorhynchus, 253
Dolichos, 352
Dolichostachys, 570
Dolichoura, 340
Doliocarpus, 168
Dombeya, 269
Dombeyaceae, 269
Dombeyoideae, 269
Domeykos, 479
Domohinea, 288
Donatia, 492, 493, 494
Donatiaceae, 493, 494
Donax, 708
Doniophyton, 502
Dontostemon, 253
Dopatrium, 565
Doratoxyleae, 364
Doratoxylon, 364
Dorema, 479
Doricera, 519
Doronicum, 503
Dorotheantheae, 138
Dorotheanthus, 138
Dorstenia, 281
Dorsteniaceae, 281
Dorstenieae, 281
Dortmannaceae, 487
Doryanthaceae, 653, 654, 657
Doryanthes, 654, 657
Dorycnium, 353
Dorycnopsis, 353
Doryphora, 51
Dorystoechas, 573
Doryxylon, 288
Douepea, 253
Douglasia, 215
Douglassia, 213
Douradoa, 421
Dovea, 739
Dovyalis, 224, 226
Downingia, 489
Doyerea, 235
Doyleanthus, 46
Draba, 253
Drabaceae, 252
Drabastrum, 253
Drabopsis, 253
Dracaena, 675, 676, 677
Dracaenaceae, 676, 677
Dracocephalum, 573
Draconitoides, 618
Draconitum, 618

Dracontiaceae, 618
Dracontomelon, 378
Dracophilus, 138
Dracophyllum, 193
Dracosciadium, 479
Dracula, 649
Dracunculus, 619
Drakaea, 649
Dransfi , 695
Draperia, 541
Drapetes, 266, 272
Dregeochloa, 745
Drepananthus, 42
Drepanocaryum, 573
Driessenia, 340
Drimia Urginea, 668
Drimiopsis, 668
Drimycarpus, 374, 378
Drimys, 30, 31
Droceloncia, 288
Droguetia, 281
Droogmansia, 353
Drosanthemum, 138
Drosera, 161, 164
Droseraceae, 161, 164
Drosophyllaceae, 161, 164
Drosophyllum, 160, 164
Druimmondita, 375
Drusa, 479
Dryadaceae, 319
Dryadeae, 320
Dryadodaphne, 51
Dryandra, 73
Dryas, 320
Drymaria, 141
Drymonia, 567
Drymophila, 639, 641
Drymophloeus, 695
Dryobalaneae, 268
Dryobalanops, 268
Dryopetalon, 254
Drypeteae, 287
Drypetes, 285, 287
Drypideae, 142
Drypis, 142
Drypis spinosa, 135
Duabanga, 341
Duabangaceae, 340
Duabangoideae, 341
Duboisia, 534
Duboscia, 268
Duboscieae, 268, 432
Dubouzetia, 232
Dubyaea, 503
Duchesnea, 320
Duckea, 724
Duckeanthus, 42
Duckeella, 648
Duckeodendraceae, 530, 534
Duckeodendron, 534
Duckesia, 401
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Dudleya, 305
Dufrenoya, 422
Dugandiodendron, 36
Duguetia, 42
Dulacia, 421
Dulichieae, 731
Dulichium, 731
Dulongia, 470
Dumasia, 352
Dumortier, 541
Dunalia, 533
Dunbaria, 352
Dunnia, 520
Duosperma, 570
Duparquetia, 350
Duperrea, 519
Durandea, 401
Duranta, 555, 571
Durantaceae, 571
Duranteae, 571
Durio, 270
Durioneae, 270
Duroia, 519
Durringtonia, 519
Duschekia, 119, 120
Duseniella, 502
Dussia, 352
Dutaillyea, 375
Duthiastrum, 658
Duvalia, 522
Duvaliandra, 522
Dyckia, 700
Dyera, 521
Dyerophytum, 157
Dypsis, 695
Dysanthoideae, 109
Dyschoriste, 570
Dysolobium, 352
Dysophylla, 573
Dysopsis, 288
Dysosma, 82, 83
Dysosna, 81
Dysoxylum, 377
Dysphania, 143
Dysphaniaceae, 142
Dyssochroma, 533
Dyssodia, 503
Dystovomita, 182

E
Ebenaceae, 208, 209
Ebenales, 199, 442
Ebenales, 208
Ebenoideae, 209
Ebenus, 353
Eberhardtia, 211
Eberlanzia, 138
Ebinopsis, 351
Ebracteola, 138
Ecballium, 235

Ecbolium, 570
Ecclinusa, 211
Eccremocarpeae, 567
Eccremocarpus, 567
Ecdeiocolea, 739
Ecdeiocoleaceae, 738, 739
Ecdysanthera, 521
Echeandia, 663, 667
Echeveria, 305
Echeverieae, 305
Echeverioideae, 305
Echhinocodon, 488
Echidnopsis, 522
Echinacanthus, 570
Echinacea, 503
Echinocactus, 140
Echinocarpus, 231
Echinocereeae, 139
Echinocereus, 139
Echinochloa, 746
Echinocitrus, 376
Echinocodoneae, 488
Echinocystis, 235
Echinodorus, 606
Echinopaceae, 501
Echinopepon, 235
Echinophora, 474, 479
Echinophoreae, 479
Echinops, 502
Echinopsinae, 502
Echinopsis, 140
Echinospartum, 352
Echiochilon, 542
Echiostachys, 542
Echiteae, 521
Echites, 521
Echium, 539, 542
Ecpoma, 519
Ectadium, 521
Ectotropis, 138
Ectozoma, 533
Ectrosia, 745
Ecua, 521
Ecuadendron, 350
Edgaria, 235
Edgeworthia, 271
Edithcolea, 522
Edraiantheae, 488
Edraianthus, 488
Eecdeiocoleaceae, 738
Efulensia, 228
Egeria, 603
Egleria, 731
Ehretia, 541
Ehretiaceae, 541
Ehretioideae, 539, 541, 542, 543
Ehretroideae, 540
Ehrharta, 743
Ehrharteae, 743
Ehrhartoideae, 743
Eichhornia, 716
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Eichhornieae, 716
Eichlerago, 572
Eichleria, 359
Eiclasta, 746
Eidothea, 72
Eidotheoideae, 72
Eigia, 253
Ekebergia, 377
Ekmanianthe, 566
Elacholoma, 565
Elachyptera, 412
Elaeagia, 519
Elaeagnaceae, 429, 431, 432, 433
Elaeagnus, 430, 431, 432
Elaeis, 695
Elaeocarpaceae, 226, 232, 268
Elaeocarpales, 226, 231, 285
Elaeocarpales, 284
Elaeocarpeae, 232
Elaeocarpus, 232
Elaeodendron, 409, 411
Elaeoluma, 211
Elaeophorbia, 289
Elaeoselinum, 479
Elaphanthera, 422
Elasis, 716
Elateriopsis, 235
Elateriospermeae, 288
Elateriospermum, 288
Elatinaceae, 180, 182, 395
Elatine, 180, 182
Elatinoides, 565
Elatostema, 281
Elattostachys, 364
Elburzia, 253
Eldia, 695
Eldiaceae, 596
Eldiella, 716
Elegia, 739
Elegiaceae, 738
Eleiodoxa, 695
Eleiotis, 353
Eleocharideae, 731
Eleocharis, 731
Elephantomene, 80
Elephantopus, 503
Elephantorrhiza, 351
Elettaria, 707
Elettariopsis, 707
Eleusine, 742, 745
Eleutharrhena, 80
Eleutherandra, 226
Eleutheranthus, 519
Eleutherine, 658
Eleutherococcus, 478
Eleutherospermum, 479
Eleutherostigma, 288
Eleutherostylis, 268
Eliea, 182
Eligmocarpus, 351
Elingamita, 215

Eliokarmos, 668
Elizabetha, 350
Elizabetha, 350
Elizaldia, 542
Elleanthus, 649
Elliottia, 192
Ellipanthus, 359
Ellipeia, 42
Ellipeiopsis, 42
Ellisia, 541
Ellisiaceae, 541
Ellisiophyllaceae, 565
Ellisiophyllum, 566
Elmera, 306
Elmerillia, 35
Elmerrillia, 36
Elodea, 603
Elodeaceae, 603
Elsholtzia, 573
Elsholtzieae, 573
Elvasia, 187
Elvasieae, 184
Elymus, 744
Elynaceae, 731
Elythranthera, 649
Elytranthaceae, 422
Elytranthe, 422
Elytraria, 569
Elytrigia, 744
Elytropus, 521
Emarhendia, 567
Embelia, 215
Embeliaceae, 215
Emblemantha, 215
Emblingia, 255
Emblingiaceae, 252, 255
Embolanthera, 109
Embothrieae, 72
Embothrium, 72
Emelianthe, 422
Emex, 155
Emicocarpus, 522
Emilia, 503
Eminia, 352
Eminium, 619
Emmenanthe, 541
Emmenopterys, 519
Emmenosperma, 432
Emmeorhiza, 519
Emmotaceae, 469
Emmotum, 467, 469
Emorya, 564
Empetraceae, 191
Empetroideae, 188, 190, 192
Empetrum, 192
Emplectanthus, 522
Empleuridium, 411
Empleurum, 369, 375
Empodisma, 739
Empodium, 647, 648
Enantia, 42
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Enarganthe, 138
Enarthro, 253
Enaulophyton, 340
Encephalosphaera, 570
Encholirium, 700
Enchylaena, 143
Encopella, 565
Encyclia, 649
Endadenium, 289
Endertia, 350
Endiandra, 51
Endlicheria, 52
Endocaulos, 312
Endocomia, 46
Endodesmia, 181, 182
Endodesmieae, 182
Endolepis, 143
Endomallus, 352
Endonema, 339
Endopleura, 401
Endosamara, 352
Endospermum, 288
Endostemon, 573
Enemion, 87
Engelhardieae, 126
Engelhardtia, 124, 125, 126
Engelhardtioideae, 126
Englerastrum, 573
Engleria, 503
Englerina, 422
Englerocharis, 253
Englerodendron, 350
Englerophytum, 212
Engomegoma, 421
Enhalaceae, 603
Enhalus, 603
Enicosanthellum, 42
Enicosanthum, 42
Enicostema, 520
Enkianthoideae, 191
Enkianthus, 190, 191
Enkleia, 271
Ennealophus, 658
Enneatypus, 155
Enriquebeltrania, 288
Ensete, 702, 705, 707
Entada, 351
Entandrophragma, 378
Entelea, 267
Enteleae, 267
Enterolobium, 351
Enteropogon, 745
Entoplocamia, 745
Eomecon, 95
Epacridaceae, 191
Epacridoideae, 192
Epacris, 193
Epacrudeae, 193
Epaltes, 503
Eperua, 350
Ephedranthus, 42

Ephemeraceae, 715
Ephippiandra, 50
Epiclastopelma, 570
Epidendreae, 649
Epidendroideae, 649
Epidendrum, 649
Epidryos, 724
Epifagus, 566
Epigaea, 192
Epigaeoideae, 192
Epigynum, 521
Epilasia, 503
Epilobiaceae, 342
Epilobieae, 342
Epilobium, 342
Epimediaceae, 82
Epimedieae, 83
Epimedioideae, 82, 83
Epimedium, 83
Epimeredi, 573
Epipactideae, 648
Epipactis, 648
Epipetrum, 691
Epiphyllum, 139
Epipogieae, 649
Epipogium, 648, 649
Epipremnum, 618
Epiprineae, 288
Epiprinus, 288
Epirixanthes, 356, 357
Epischoenus, 731
Episcia, 567
Episcieae, 567
Epistemma, 521
Epistephium, 648
Epithelantha, 140
Epithema, 567
Epithematoideae, 567
Epixiphium, 565
Eragrostidaceae, 742
Eragrostideae, 745
Eragrostis, 745
Eranthemum, 570
Eranthideae, 87
Eranthis, 87
Erblichia, 222, 228
Ercilla, 136
Eremaea, 342
Eremalche, 270
Eremitis, 743
Eremobium, 253
Eremoblastus, 253
Eremocarpus, 288
Eremocharis, 479
Eremocitrus, 376
Eremocrinum, 667
Eremodraba, 253
Eremogeton, 565
Eremogone, 141
Eremolaena, 262, 268
Eremolepidaceae, 421, 423
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Eremolepis, 423
Eremolimon, 157
Eremomastax, 570
Eremophea, 143
Eremophila, 569
Eremophyton, 253
Eremopoa, 744
Eremopyrum, 744
Eremosparton, 353
Eremospatha, 695
Eremostachys, 573
Eremosynaceae, 440
Eremosyne, 440
Eremothamninae, 503
Eremothamnus, 503
Eremurus, 667
Erepsia, 138
Ergocarpon, 479
Eria, 649
Eriachne, 745
Eriachneae, 745
Eriandra, 357
Erianthemum, 422
Erianthus, 746
Eriastrum, 201
Eriaxis, 648
Erica, 192
Ericaceae, 188, 190, 191, 193, 200
Ericales, 170, 191, 198, 199, 200, 208, 213, 442
Ericales, 188
Ericanae, 168, 169
Ericeae, 191, 192
Erichsenia, 352
Ericinella, 192
Ericoideae, 192
Erigenia, 479
Erigenieae, 479
Erigeron, 503
Erina, 731
Erinacea, 352
Erinaceae, 565
Erinna, 669
Erinocarpus, 268
Erinus, 566
Eriobotrya, 321
Eriocaulaceae, 670, 719, 720, 723, 724
Eriocauloideae, 724
Eriocaulon, 722
Eriocephalus, 503
Eriochha, 746
Eriochilus, 649
Eriocnema, 340
Eriodictyon, 541
Erioglossum, 364
Eriogonaceae, 155
Eriogoneae, 155
Eriogonoideae, 155
Eriogonum, 155
Eriolaena, 269
Eriolaeneae, 269
Eriolarynx, 533

Eriolobus, 321
Erion, 745
Eriopcaulaceae, 719
Eriope, 573
Eriophorum, 731
Eriophyton, 573
Eriopidion, 573
Eriosema, 352
Eriospermaceae, 674, 677, 678
Eriospermum, 678
Eriostemon, 375
Eriostylos, 142
Eriosyce, 140
Eriotheca, 270
Eriothymus, 573
Erisma, 337, 343
Erismadelphus, 343
Erismantheae, 288
Erismanthus, 288
Erismeae, 343
Erismoideae, 343
Erithalis, 520
Eritricheae, 542
Eritrichium, 542
Ermania, 253
Ermaniopsis, 253
Ernestia, 340
Ernodea, 519
Erocallis, 138
Erodiaceae, 388
Erodium, 386, 388
Erophaca, 353
Erophila, 253
Errazuriza, 352
Eruca, 253
Erucaria, 253
Erucastrum, 253
Erycibe, 534
Erycibeae, 534
Eryngiaceae, 478
Eryngium, 479
Erysimaceae, 252
Erysimum, 253
Erythrina, 352
Erythrochiton, 375
Erythrochlamis, 573
Erythrococca, 288
Erythroniaceae, 634
Erythronium, 630, 634
Erythropalaceae, 421
Erythropaloideae, 421
Erythropalum, 417, 421
Erythrophleum, 351, 353
Erythrophysa, 364
Erythrorchis, 648
Erythrospermaceae, 226
Erythrospermeae, 226, 227
Erythrospermum, 226, 284
Erythrostemon, 351
Erythroxylaceae, 397, 400, 401, 402, 404
Erythroxylum, 401
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Escallionioideae, 497
Escallonia, 437, 440, 441
Escalloniaceae, 306, 436, 437, 440, 441, 485, 486
Escalloniceae, 497
Escallonieae, 440
Eschscholzia, 95
Eschscholziaceae, 95
Eschscholzioideae, 95
Eschweilera, 204
Escobaria, 140
Escobedia, 566
Escobedieae, 566
Escontria, 140
Esenbeckia, 375
Esiaceae, 66
Espadaea, 532, 534
Espostoa, 140
Espostoopsis, 140
Esterhazya, 566
Etaballia, 352
Etlingera, 707
Eubotryoides, 193
Eubotrys, 193
Eubrachion, 421, 423
Eucalypteae, 343
Eucalyptopsis, 343
Eucalyptus, 336, 337, 343
Eucarpha, 72
Euceraea, 226
Euchaetis, 375
Eucharideae, 669
Eucharis, 669
Euchilopsis, 352
Euchresta, 352
Euchresteae, 352
Euclea, 209
Euclidium, 253
Euclinia, 519
Eucnide, 447
Eucodonia, 567
Eucomidaceae, 667
Eucomis, 668
Eucommia, 457
Eucommiaceae, 457
Eucommiales, 457
Eucorymbia, 521
Eucrosia, 669
Eucryphia, 294
Eucryphia, 295
Eucryphiaceae, 169, 295
Eucryphioideae, 295
Eucrypta, 541
Eudema, 253
Eudenia, 252
Eugeissona, 695
Eugeissoneae, 695
Eugenia, 337, 342
Euglypha, 58, 59
Euhesperida, 573
Euklisia, 252
Eulophia, 649

Eulychnia, 140
Eunomia, 254
Euodia, 375
Euonymaceae, 411
Euonymeae, 411
Euonymus, 409, 411
Eupatoriaceae, 501
Eupatorium, 503
Euphorbia, 289
Euphorbiaceae, 284, 286, 287, 289, 476
Euphorbiales, 284, 285, 327
Euphorbiales, 289
Euphorbianae, 284
Euphorbieae, 286, 289
Euphorbioideae, 288
Euphrasia, 566
Euphrasiaceae, 565
Euphronia, 326, 327
Euphroniaceae, 326, 327
Euplassa, 73
Eupomatia, 42
Eupomatiaceae, 40, 41, 42
Euptelea, 77, 457
Eupteleaceae, 77
Eupteleales, 77
Eureiandra, 235
Euron, 745
Euroschinus, 378
Eurya, 170, 173, 191
Euryalaceae, 16
Euryale, 16, 17
Euryaloideae, 17
Eurycarpus, 253
Eurychorda, 739
Eurycoma, 376
Eurycorymbus, 364
Eurylobium, 564
Eurynotia, 658
Euryodendron, 173
Euryomyrtus, 343
Euryops, 503
Eurypetalum, 350
Eurysolen, 573
Eurystemon, 716
Euscaphis, 363
Eusideroxylon, 52
Eusiphon, 570
Eustachys, 745
Eustegia, 522
Eustephia, 669
Eustephieae, 669
Eusteralis, 573
Eustigma, 109
Eustigmateae, 109
Eustoma, 520
Eustrephaceae, 640
Eustrepheae, 641
Eustrephus, 639, 641
Eutaxia, 352
Euterpe, 695
Euterpeae, 695
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Euthamnus, 567
Euthemidaceae, 186
Euthemidoideae, 187
Euthemis, 185, 187
Euthystachys, 564
Eutocaceae, 541
Eutrema, 253
Euxylophora, 375
Euxylophora, 375
Euzomodendron, 253
Evandra, 731
Evax, 503
Everardia, 731
Eversmannia, 353
Evodianthus, 682
Evodiella, 375
Evolvulus, 534
Exaceae, 520
Exaculum, 520
Exacum, 511, 515, 520
Exallage, 519
Exarata, 565
Exbucklandia, 107, 109
Exbucklandiaceae, 109
Exbucklandioideae, 109
Excoecaria, 288
Excremis, 661, 667
Exellia, 42
Exellodendron, 327
Exoacantha, 479
Exocarpos, 416, 419, 422
Exocarya, 731
Exochogyne, 731
Exochorda, 319, 321
Exochordeae, 321
Exodeconus, 533
Exomis, 143
Exorhopala, 427
Exospermum, 30, 31
Exostema, 520
Exostyles, 352
Exothea, 364
Eysenhardtia, 352

F
Fabaceae, 350
Fabales, 349, 350, 357
Fabanae, 349
Fabeae, 353
Fabiana, 533
Faboideae, 349, 350, 351
Facheiroa, 140
Factorovskya, 353
Fadenia, 143
Fadogia, 519
Fadogiella, 519
Fagaceae, 117
Fagales, 108, 116, 119
Fagaria, 375
Fagaropsis, 375

Fagerlindia, 519
Fagoideae, 117
Fagonia, 394
Fagopyrum, 155
Fagraea, 520
Fagus, 117
Faidherbia, 351
Faika, 50
Falcaria, 479
Falcata, 85
Falcataria, 351
Falconeria, 288
Falkia, 534
Fallopia, 155
Fallugia, 320
Fanninia, 522
Faradaya, 572
Faramea, 518
Farfugium, 503
Farmeria, 312
Faroa, 520
Farquharia, 521
Farrago, 745
Farsetia, 253
Fascicularia, 701
Fatoua, 279, 281
Fatsia, 478
Faucaria, 138
Faucherea, 211
Faurea, 72
Faxonanthus, 565
Fedia, 459, 462
Fedorovia, 488
Feenestraria, 138
Feeria, 488
Fegimanra, 378
Feijoa, 342
Felicia, 503
Fendlera, 446
Fendlerella, 446
Fenerivia, 42
Ferdinandusa, 519
Fernaldia, 521
Fernandoa, 566
Fernseea, 701
Ferocactus, 140
Feronia, 369, 376
Feroniella, 376
Ferraria, 658
Ferula, 479
Ferulaceae, 478
Ferulago, 479
Festuca, 744
Festucaceae, 742
Fevillea, 234, 235
Fevilleaceae, 235
Fezia, 253
Ffrancisceae, 533
Fibigia, 253
Fibraurea, 80
Fibraureae, 80
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Ficaceae, 281
Ficalhoa, 173
Ficaria, 88
Ficeae, 281
Ficinia, 731
Ficoidales, 140
Ficoideae, 140
Ficus, 278, 281
Fiebrigiella, 352
Fieldia, 567
Filago, 503
Filarum, 619
Filetia, 570
Filipendula, 320, 321
Filipenduloideae, 320, 321
Fillaeopsis, 351
Fimbripetallum, 141
Fimbripetalum, 410
Fimbristylis, 731
Finetia, 339
Fingerhuthia, 745
Finlaysonia, 521
Finschia, 73
Fioria, 270
Firmiana, 269
Fischeria, 522
Fissenia, 447
Fissicalyx, 352
Fissistigma, 42
Fitchia, 503
Fittingia, 215
Fittonia, 570
Fitzalania, 42
Flacourtia, 224, 226
Flacourtiaceae, 220, 224, 226, 227, 228, 232, 261, 284, 285
Flacourtieae, 224, 226
Flagellaria, 738
Flagellariaceae, 694, 715, 736, 737, 738
Flaveria, 503
Fleischmannia, 503
Flemingia, 352
Fleurydora, 187
Flickingeria, 649
Flindersia, 375
Flindersiaceae, 375
Flindersioideae, 375
Floerkea, 241, 242
Floscopa, 716
Floydia, 73
Flueggea, 287
Fockea, 522
Fockeeae, 522
Foeniculum, 479
Foetidia, 202, 204
Foetidiaceae, 204
Foetidioideae, 204
Foleyola, 253
Folotsia, 522
Fonkia, 565
Fontainea, 288
Fontanesia, 545, 546

Fontanesieae, 546
Forchhammeria, 248, 252
Forcipella, 570
Fordia, 352
Fordiophyton, 340
Forestiera, 545, 546
Forestieraceae, 546
Forgesia, 440
Forgesieae, 440
Formanodendren, 117
Forsellesia, 324, 411
Forsskaolea, 281
Forsskaoleae, 281
Forstera, 494
Forsteronia, 521
Forsythia, 545, 546
Forsythieae, 546
Fortunatia, 668
Fortunearia, 108, 109
Fortunella, 376
Fortuynia, 253
Fosterella, 700
Fosteria, 658
Fothergilla, 109
Fothergillaceae, 109
Fothergilleae, 109
Fouquieria, 200
Fouquieriaceae, 199, 200
Fouquieriales, 200
Fouquieriales, 199, 201
Fragaria, 320
Fragariaceae, 319
Frailea, 140
Francoa, 385, 387, 388, 389
Francoaceae, 385, 388, 389
Frangula, 432
Frangulaceae, 432
Frankenia, 159
Frankeniaceae, 158, 159
Franklandia, 72
Franklandieae, 72
Franklinia, 171, 173
Frasera, 520
Fraxineae, 546
Fraxinellaceae, 375
Fraxinus, 545, 546
Freesia, 658
Fremontodendreae, 269
Fremontodendron, 269
Frerea, 522
Freycinetia, 680
Freycinetiaceae, 680
Freycinetioideae, 680
Freylinia, 565
Freylinieae, 565
Freziera, 173
Freziereae, 173
Fridericia, 567
Friesodielsia, 42
Frithia, 138
Fritillaria, 630, 634
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Fritillariaceae, 634
Fritzschia, 340
Froelichia, 142
Froelichiella, 142
Froesia, 186, 187
Froesiodendron, 42
Froriepia, 479
Fryxellia, 270
Fuchsia, 335, 336, 342
Fuchsiaceae, 342
Fuchsieae, 342
Fuernrohria, 479
Fuerstia, 573
Fuertesia, 446, 447
Fuertesimalva, 270
Fuirena, 731
Fuireneae, 731
Fulcaldea, 502
Fumana, 271
Fumaria, 96
Fumariaceae, 95, 96
Fumarieae, 96
Fumariola, 96
Funastrum, 522
Funifera, 271
Funkiaceae, 668
Funtumia, 521
Furcraea, 663, 664, 668
Furtadoa, 618
Fusaea, 42
Fusispermoideae, 227
Fusispermum, 227

G
Gadellia, 488
Gaertnera, 516, 518, 520
Gaertnereae, 518
Gagea, 632, 634
Gagnebina, 351
Gagnepainia, 707
Gahnia, 731
Gaiadendraceae, 422
Gaiadendron, 422
Gaillardia, 503
Gaillonia, 519
Gaimardia, 737, 739
Galacaceae, 198
Galactia, 352
Galactites, 500, 502
Galactophora, 521
Galanthaceae, 669
Galantheae, 664, 669
Galanthus, 664, 669
Galathea, 708
Galax, 198, 199
Galaxia, 658
Galaxiaceae, 657
Galbulimima, 40
Gale, 123
Galearia, 289

Galearieae, 289
Galedupaceae, 350
Galega, 353
Galegeae, 353
Galenia, 137
Galeniaceae, 137
Galeobdolon, 573
Galeola, 648
Galeopsis, 573
Galiaceae, 518
Galianthe, 519
Galinsoga, 503
Galipea, 375
Galitzkya, 253
Galium, 516, 519
Gallesia, 131, 136
Gallic, 316
Galopina, 519
Galphimia, 404, 405
Galpinia, 341
Galtonia, 668
Galvezia, 565
Gamanthera, 51
Gamanthus, 143
Gambelia, 565
Gamblea, 478
Gamocarpha, 501
Gamosepalum, 253
Ganguelia, 519
Ganophyllum, 364
Garaventia, 669
Garcia, 288
Garcinia, 182
Garciniaceae, 181
Garcinieae, 182
Gardenia, 516, 519
Gardeniaceae, 518
Gardenieae, 516, 519
Gardneria, 517
Gardnerodoxa, 566
Garidella, 87
Garnieria, 72
Garrettia, 571
Garrya, 455, 456
Garryaceae, 456
Garryales, 457
Garryales, 455
Garuga, 374, 378
Garuleum, 503
Gasteranthus, 567
Gasteria, 667
Gastonia, 478
Gastrococos, 695
Gastrocotyle, 542
Gastrodia, 649
Gastroideae, 649
Gastrolepis, 469
Gastrolobium, 352
Gastrolychnis, 142
Gatopsis, 700
Gaudichaudia, 406
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Gaudichaudioideae, 405
Gaultheria, 193
Gaultherieae, 193
Gaura, 336, 342
Gaussia, 695
Gavarretia, 288
Gavilea, 649
Gaya, 270
Gaylussacia, 193
Gayophytum, 342
Gazania, 503
Gearum, 618
Geeae, 320
Geijera, 375
Geissanthus, 215
Geissaspis, 352
Geissois, 295
Geissoloma, 339
Geissolomataceae, 328, 330, 338
Geissomeria, 570
Geissorhiza, 658
Geissospermum, 521
Geitonoplesiaceae, 640
Geitonoplesium, 639, 641
Gelasine, 658
Geleznowia, 375
Gelonieae, 288
Gelsemiaceae, 512, 517, 520
Gelsemium, 511, 512, 517
Gemmaria, 669
Genianthus, 522
Geniosporum, 573
Geniostemon, 520
Geniostoma, 513, 521
Geniostomaceae, 514, 520, 522
Genipa, 519
Genista, 352
Genisteae, 352
Genistella, 352
Genistidium, 353
Genlisea, 563, 571
Genoplesium, 649
Gentiana, 520
Gentianaceae, 515, 520, 521, 522
Gentianales, 442, 511, 546
Gentianeae, 520
Gentianella, 520
Gentianopsis, 520
Gentianothamnus, 520
Gentingia, 518
Gentlea, 215
Gentrya, 566
Geocarpon, 141
Geocaryum, 479
Geocaulon, 422
Geocharis, 707
Geochorda, 565
Geococcus, 253
Geoffroea, 352
Geogenanthus, 716
Geohintonia, 140

Geomitra, 637
Geonoma, 695
Geonomataceae, 694
Geonomeae, 695
Geophila, 518
Georgeantha, 739
Geosiridaceae, 654, 657
Geosiris, 653, 654, 657
Geostachys, 707
Geraniaceae, 367, 386, 388, 389, 432
Geraniales, 242, 367, 384
Geranium, 386, 388
Gerardia, 566
Gerardieae, 566
Gerardiina, 566
Gerascanthus, 542
Germainia, 746
Gerrardanthus, 235
Gerrardina, 226
Gerrardinaceae, 226
Gesneria, 567
Gesneriaceae, 442, 550, 553, 564, 567, 568
Gesnerideae, 553
Gesnerieae, 567
Gesnerioideae, 567
Gesnouinia, 281
Gethyllidaceae, 669
Gethyllideae, 669
Gethyllis, 664, 669
Gethyum, 669
Geum, 320
Geunsia, 571
Gevuina, 73
Ghaznianthus, 157
Ghikaea, 566
Gibasis, 716
Gibasoides, 716
Gibbaeum, 138
Gibbaria, 503
Gibbsia, 281
Gibsoniothamnus, 565
Gigasiphon, 350
Gilbertiella, 42
Gilbertlodendron, 350
Gilgiodaphne, 271
Gilia, 201
Giliastrum, 201
Gilieae, 201
Gillbeea, 294
Gillbeea, 295
Gillenia, 319
Gillenieae, 319
Gilletiodendron, 350
Gilliesia, 669
Gilliesiaceae, 669
Gilliesioideae, 669
Gilmania, 155
Ginalloa, 423
Ginalloaceae, 422
Ginoria, 341
GioideaeÄ, 570
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Girardinia, 281
Girgensohnia, 143
Gironniera, 280
Gisekia, 129, 136
Gisekiaceae, 131, 136
Gitara, 288
Githopsis, 488
Givotia, 288
Gjellerupia, 417, 421
Gladiolaceae, 657
Gladiolimon, 157
Gladiolus, 658
Glandonia, 405
Glandularia, 571
Glaribraya, 253
Glastaria, 254
Glauceae, 216
Glaucidiaceae, 99
Glaucidiales, 94, 98
Glaucidium, 99
Glaucieae, 95
Glaucioideae, 95
Glaucium, 94, 95
Glaucocarpum, 253
Glaux, 213, 214, 216
Glaziovia, 566
Gleadovia, 566
Gleasonia, 519
Glechoma, 573
Glechomaceae, 571
Glechon, 573
Glechoneae, 573
Gleditsia, 353
Gledltsia, 351
Glekia, 565
Glia, 479
Glinaceae, 141
Glinus, 141
Glionnetia, 520
Gliricidia, 353
Glischrocaryon, 301, 305
Glischrocolla, 339
Glischrothamnus, 134, 141
Globba, 707
Globbeae, 707
Globimetula, 422
Globularia, 551, 568
Globulariaceae, 551, 568
Globulariopsis, 565
Glochidion, 284, 285, 287
Gloeospermum, 227
Glomeropitcairnia, 700
Glomeropitcairnieae, 700
Gloriosa, 631, 633
Glorioseae, 633
Glossocalyx, 48, 51
Glossocarya, 572
Glossochilus, 570
Glossodia, 649
Glossonema, 522
Glossopetalon, 324

Glossostelma, 522
Glossostemon, 269
Glossostigma, 565
Glossostipula, 519
Glottidium, 353
Glottiphyllum, 138
Gloxinia, 567
Gloxinieae, 567
Gluema, 211
Glumicalyx, 565
Gluta, 378
Glyceria, 744
Glycine, 352
Glycosmis, 369, 376
Glycydendron, 288
Glycyrrhiza, 353
Glyphaea, 267
Glyptopetalum, 411
Gmelina, 571
Gnaphaliaceae, 502
Gnaphalieae, 503
Gnaphalium, 503
Gnidia, 271
Gochnatia, 502
Gochnatieae, 502
Godmania, 566
Godoya, 187
Goebelia, 352
Goethalsia, 262, 268
Goetzea, 534
Goetzeaceae, 532, 534
Golaea, 570
Goldbachia, 254
Goldmania, 351
Gomidesia, 342
Gomortega, 51
Gomortegaceae, 47, 48
Gomphandra, 469
Gomphia, 187
Gomphiaceae, 187
Gomphocalyx, 519
Gomphocarpus, 522
Gomphogyne, 235
Gompholobium, 352
Gomphostemma, 558, 573
Gomphostigma, 548, 564
Gomphrena, 142
Gomphrenaceae, 142
Gomphreneae, 142
Gomphrenoideae, 142
Gonatogyne, 286
Gonatopus, 618
Gongora, 649
Gongronema, 522
Gongylocarpeae, 342
Gongylocarpus, 342
Gongylosperma, 521
Gonioanthela, 522
Goniolimon, 157
Gonioma, 521
Goniorrhachis, 350
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Gonioscypha, 675, 677
Goniostemma, 522
Goniothalamus, 42
Gonocalyx, 193
Gonocarpus, 300, 301, 305
Gonocaryum, 467, 469
Gonocytisus, 352
Gonolobus, 522
Gonostegia, 281
Gontscharovia, 573
Gonystylaceae, 271, 272
Gonystylideae, 271
Gonystyloideae, 271
Gonystylus, 271, 272
Gonzalagunia, 520
Goodallia, 271
Goodenia, 501
Goodeniaceae, 498, 499, 501, 502, 516
Goodia, 352
Goodmania, 155
Goodyera, 648
Gordonia, 173
Gordoniaceae, 173
Gordonieae, 173
Gorgonidium, 618
Gorodkovia, 253
Gorteria, 503
Gorteriinae, 503
Gosela, 565
Gossia, 342
Gossweilerodendron, 350
Gossypieae, 270
Gossypioides, 270
Gossypiospermum, 224
Gossypium, 270
Gouania, 429, 432
Gouaniaceae, 432
Gouanieae, 432
Gouepieae, 327
Gouldia, 519
Goupia, 411
Goupiaceae, 407, 409, 411
Goyazia, 567
Goydera, 522
Grabowskia, 533
Graderia, 566
Graellsia, 253
Graffenrieda, 340
Grahamia, 138
Grajalesia, 137
Gramineae, 742
Grammadenia, 215
Grammatophyllum, 649
Grammatotheca, 489
Grammosciadium, 479
Grammosperma, 253
Gramnosolen, 534
Grandidiera, 226
Grangea, 503
Grangeria, 327
Granitites, 432

Graphandra, 570
Graphistemma, 522
Graptopetalum, 305
Graptophyllum, 570
Gratiola, 565
Gratiolaceae, 565
Gratioleae, 565, 571
Gravesia, 340
Grayia, 143
Grazielodendron, 352
Greeniopsis, 520
Greenovia, 305
Greenway, 42
Greigia, 701
Grenacheria, 215
Grevea, 439, 441
Grevea bosseri, 438
Grevillea, 71, 73
Grevilleeae, 73
Grevilleoideae, 72
Grewia, 267, 268
Grewiaceae, 267
Grewieae, 268, 432
Greyia, 387, 389
Greyiaceae, 385, 387, 389
Griadear, 204
Grias, 202, 204
Grielaceae, 269
Grielum, 263, 269
Griffi , 669
Griffi thella, 313
Griffi thsochloa, 745
Griffonia, 350
Grimmeodendron, 288
Grindelia, 503
Grisebachiella, 522
Griselianaceae, 475
Griselinia, 477
Griseliniaceae, 477
Griselinieae, 477
Grisollea, 469
Groenlandia, 609, 611
Gronophyllum, 695
Gronovia, 447
Gronoviaceae, 447
Gronovioideae, 445, 446, 447
Grossera, 288
Grossularia, 306
Grossulariaceae, 300, 303, 306
Grubbia, 453
Grubbiaceae, 449, 451, 453
Guacamaya, 724
Guaduella, 743
Guaduelleae, 743
Guaiacanaceae, 209
Guaiacum, 394
Guamatela, 321
Guamatelaceae, 319
Guamia, 42
Guapira, 137
Guarea, 377
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Guareeae, 377
Guatteria, 42
Guatteriella, 42
Guatteriopsis, 42
Guazuma, 269
Gueldenstaedtia, 353
Guettarda, 520
Guettardaceae, 518
Guettardeae, 520
Guibourtia, 350
Guichenotia, 269
Guiera, 339
Guihaia, 695
Guilandina, 351
Guilfoylia, 373, 376, 377
Guilleminea, 142
Guinetia, 351
Guioa, 364
Guiraoa, 253
Gulubia, 695
Gumillea, 376
Gundelia, 503
Gundelieae, 503
Gunillaea, 488
Gunnera, 301, 306, 315
Gunneraceae, 300, 301, 306
Gunnessia, 522
Gunniopsis, 137
Gurania, 235
Guraniopsis, 235
Gustavia, 202, 204
Gustaviaceae, 204
Guthriea, 224, 228
Gutierrezia, 503
Guttiferae, 181
Guyonia, 340
Guzma, 701
Guzmania, 701
Gyminda, 411
Gymnacranthera, 46
Gymnadenia, 649
Gymnanthera, 521
Gymnanthes, 289
Gymnarrhena, 503
Gymnarrheneae, 503
Gymnema, 522
Gymnocalycium, 140
Gymnocladus, 351, 353
Gymnopetalum, 235
Gymnophyton, 479
Gymnopodium, 155
Gymnoschoenus, 731
Gymnosiphon, 637
Gymnospermium, 82
Gymnostachydoideae, 618
Gymnostachys, 615, 616, 618
Gymnostachyum, 570
Gymnostemon, 376
Gymnosteris, 201
Gymnostoma, 122
Gymnotheca, 56, 57, 59

Gynandriris, 658
Gynarospermum, 570
Gynatrix, 270
Gynocardia, 226
Gynochthodes, 518
Gynocraterium, 569
Gynophorea, 253
Gynostemma, 235
Gynotrocheae, 397, 400, 401, 402
Gynotroches, 400, 401
Gynoxys, 503
Gynura, 503
Gypsacanthus, 570
Gypsophila, 141
Gyranthera, 270
Gyrinops, 271
Gyrocarpaceae, 51
Gyrocarpoideae, 51
Gyrocarpus, 51
Gyrocheilos, 567
Gyrogyne, 567
Gyrostemon, 247, 254
Gyrostemonaceae, 246, 247, 254, 255
Gyrostipula, 520
Gyrotaenia, 281

H
Haageocereus, 139
Habenaria, 649
Haberlea, 567
Hablitzia, 143
Habranthus, 669
Habroneuron, 520
Habropetalum, 162, 163
Habrosia, 141
Habrosieae, 141
Hachettea, 427
Hachetteaceae, 427
Hackelia, 542
Hacquetia, 479
Haemanthaceae, 669
Haemantheae, 669
Haemanthus, 669
Haematocarpus, 80
Haematodendron, 46
Haematostemon, 288
Haematoxylum, 351
Haemodoraceae, 686, 715, 716, 735
Haemodoroideae, 715, 716
Haemodorum, 716
Haenianthus, 546
Hagenbachia, 667
Hagenia, 320
HaIenia, 520
Hainania, 268
Haitia, 341
Hakea, 73
Hakonechloa, 745
Halacsya, 542
Halanthium, 143
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Halarchon, 143
Haldina, 520
Halerpestes, 88
Halesia, 208, 209
Halesiaceae, 209
Halfordia, 375
Halgania, 541
Halimiphyllum, 394
Halimium, 271
Halimocnemis, 143
Halimodendron, 353
Halimolobos, 253
Hallea, 520
Halleria, 566
Hallia, 353
Hallianthus, 138
Halocharis, 143
Halocnemum, 143
Halodule, 610, 612
Halogeton, 143
Halopegia, 708
Halopeplideae, 143
Halopeplis, 143
Halophila, 601, 603
Halophilaceae, 603
Halophiloideae, 603
Halophytaceae, 133, 139
Halophytum, 139
Haloragaceae, 301, 305, 306
Haloragis, 301, 305
Haloragodendron, 300, 305
Halosarcia, 143
Halosicyos, 235
Halostachys, 143
Halothamnus, 143
Halotis, 143
Haloxylon, 143
Hamadryas, 88
Hamaegigas, 565
Hamamelidaceae, 107, 108, 109, 112, 113, 122
Hamamelidae, 107
Hamamelidales, 107, 108, 113, 116, 122
Hamamelidanae, 107
Hamamelideae, 108, 109
Hamamelididae, 101, 103, 293, 294
Hamamelidoideae, 109
Hamamelis, 108, 109
Hamelia, 520
Hamelieae, 520
Hamilcoa, 288
Hammarbya, 649
Hammatolobium, 353
Hammeria, 138
Hampea, 270
Hanabusaya, 488
Hanburia, 235
Hanceola, 573
Hancornia, 521
Handellodendron, 364
Hanghomia, 521
Hanguana, 711, 715

Hanguanaceae, 714, 715
Haniffi , 707
Hannafordia, 269
Hannoa, 376
Hannonia, 669
Hanseniella, 313
Hanslia, 353
Hapaline, 619
Haplanthodes, 570
Haplochorema, 707
Haploclathra, 182
Haplocoelum, 364
Haplolobus, 378
Haplolophium, 566
Haplopappus, 503
Haplophyllum, 375
Haplophyton, 521
Haplormosia, 352
Haplostachys, 573
Haplostichanthus, 42
Haplothismia, 637
Haptanthaceae, 9
Haptanthus, 9
Haptocarpum, 252
Hardenbergia, 352
Hardwickia, 350
Harfordia, 155
Harlanlewisia, 572
Harleyodendron, 352
Harleyodendron, 352
Harmandia, 417, 418, 421
Harmandiaceae, 421
Harmsia, 269
Harmsiodoxa, 253
Harmsiopanax, 478
Harpachne, 745
Harpagonella, 542
Harpagophytum, 568
Harpalyce, 352
Harperia, 739
Harperocallis, 597, 598
Harpochilus, 570
Harpullia, 364
Harpullieae, 364
Harrimanella, 192
Harrisia, 139
Harrisonia, 375
Hartia, 173
Hartleya, 469
Hartliella, 565
Hartmanthus, 138
Harungana, 182
Harveya, 566
Hasseltia, 226, 232
Hasseltiopsis, 226
Hastingsia, 668
Hatiora, 140
Haumania, 708
Haumaniastrum, 573
Hauya, 335, 342
Hauyeae, 342
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Havardia, 351
Havetia, 182
Havetiopsis, 182
Hawkesiophyton, 533
Haworthia, 667
Haya, 141
Hebe, 566
Hebenstreitiaceae, 565
Hebenstretia, 565, 587
Hebepetalum, 401
Heberdenia, 215
Hebsetigma, 353
Hecastocleideae, 502
Hecastocleis, 502
Hecatostemon, 226
Hechtia, 700
Heckeldora, 377
Hectorella, 138
Hectorellaceae, 132, 138, 139
Hedbergia, 566
Hedeoma, 573
Hedera, 478
Hederaceae, 478
Hedereae, 478
Hedinia, 253
Hedstromia, 516
Hedycarya, 50
Hedycaryeae, 50
Hedychium, 707
Hedyosmaceae, 26
Hedyosmum, 25, 26
Hedyotidaceae, 518
Hedyotideae, 518, 568
Hedyotis, 518, 519
Hedypnois, 503
Hedysaraceae, 350
Hedysareae, 353
Hedysarum, 353
Hedyscepe, 695
Hedythyrsus, 519
Heeria, 374, 378
Hegnera, 353
Heimia, 341
Heinsenia, 519
Heinsia, 519
Heisteria, 416, 421
Heisteriaceae, 421
Heisterieae, 421
Hekistocarpa, 519
Hekkingia, 227
Heladena, 405
Heldreichia, 253
Heleniaceae, 502
Helenium, 503
Helia, 520
Heliamphora, 206
Heliamphoraceae, 206
Helianthaceae, 502
Heliantheae, 501
Heliantheae, 503
Helianthemaceae, 271

Helianthemum, 271
Helianthium, 606
Helianthostylis, 281
Helianthus, 503
Helicanthera, 422
Helicanthes, 422
Helichrysum, 503
Helicia, 72
Heliciopsis, 73
Helicodiceros, 619
Heliconia, 707
Heliconiaceae, 704, 707
Helicostylis, 281
Helicteraceae, 269
Helicteres, 269
Helictereteae, 269
Helicteropsis, 270
Helictonema, 412
Helictonemeae, 412
Helictotrichon, 744
Helieae, 520
Helietta, 375
Helinus, 432
Heliocarpus, 268
Heliocarya, 542
Heliohebe, 566
Heliophila, 254
Heliophileae, 254
Heliotropiaceae, 541
Heliotropioideae, 540, 542
Heliotropium, 539, 540, 542
Helleboraceae, 86
Helleboroideae, 87
Helleborus, 86, 88
Hellmuthia, 731
Helmholtzia, 712, 713, 716
Helmiopsideae, 269
Helmiopsiella, 269
Helmiopsis, 269
Helmontia, 235
Helogyne, 503
Heloniadaceae, 626
Heloniadeae, 626, 627
Helonias, 627
Heloniopsis, 626, 627
Helosidaceae, 427
Helosidoideae, 426, 427
Helosis, 427
Helwingia, 470
Helwingiaceae, 466, 468, 469, 470
Helwingia himalaica, 468
Hemandradenia, 359
Hemerocallidaceae, 660, 666, 667
Hemerocallis, 666
Hemiandra, 572
Hemianthus, 565
Hemiarrhena, 565
Hemiboea, 567
Hemiboeopsis, 567
Hemichaena, 566
Hemichroa, 142
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Hemicrambe, 253
Hemidesmus, 521
Hemidiodia, 519
Hemigenia, 572
Hemigraphis, 570
Hemilophia, 253
Hemimeridaceae, 565
Hemimerideae, 565
Hemimeris, 565
Hemiorchis, 707
Hemiphora, 572
Hemiphragma, 566
Hemiphragmeae, 566
Hemiphylacus, 676, 678
Hemipogon, 522
Hemiptelea, 280
Hemiscolopia, 226
Hemisiphonia, 565
Hemistylus, 281
Hemithrinax, 695
Hemitomeae, 191
Hemitomes, 191
Hemizygia, 573
Hemsleya, 235
Henckelia, 567
Hennecartia, 47, 50
Hennecartieae, 50
Henonia, 142
Henoonia, 534
Henophyton, 253
Henrardia, 744
Henriettea, 340
Henriettella, 340
Henriquezia, 516, 519
Henriqueziaceae, 518
Henriquezieae, 519
Henrya, 570
Hensmania, 667
Hepatica, 88
Heppiella, 567
Heptacodium, 462
Heracleum, 479
Herbertia, 658
Herbstia, 142
Hereroa, 138
Herissantia, 270
Heritiera, 269
Hermannia, 269
Hermanniaceae, 269
Hermannieae, 269
Hermas, 479
Hermbstaedtia, 142
Hermodactylis, 654, 658
Hernandia, 49, 51
Hernandiaceae, 49, 51
Hernandioideae, 51
Herniaria, 141
Herniariaceae, 141
Herpestis, 565
Herpetacanthus, 570
Herpetospermeae, 235

Herpetospermum, 235
Herpolirion, 667
Herpyza, 352
Herrania, 269
Herreria, 662, 663, 669
Herreriaceae, 663, 669
Herreriopsis, 663, 669
Hesperalbizia, 351
Hesperaloe, 668
Hesperantha, 658
Hesperelaea, 545
Hesperelaea, 546
Hesperideae, 253
Hesperis, 253
Hesperocallidaceae, 668
Hesperocallidoideae, 668
Hesperocallis, 668
Hesperochiron, 541
Hesperocnide, 281
Hesperolaburnum, 352
Hesperolinon, 398, 401
Hesperomecon, 95
Hesperomeles, 321
Hesperothamnus, 352
Hesperoxiphion, 658
Hesperozygis, 573
Hessea, 669
Heterachne, 745
Heteracia, 503
Heteradelphia, 570
Heterantheraceae, 716
Heteranthereeae, 716
Heteranthia, 533
Heteranthoecia, 745
Heteroaridarum, 619
Heterocaryum, 542
Heterocentron, 340
Heterochaenia, 488
Heterocodon, 488
Heterodraba, 253
Heterolamium, 573
Heteromeles, 321
Heteromorpha, 479
Heteromorpheae, 479
Heteropanax, 478
Heteropetalum, 42
Heterophragma, 566
Heterophyllaea, 518
Heteropogon, 746
Heteropolygonatum, 677
Heteropsis, 618
Heteropteris, 405
Heteropyxidaceae, 342
Heteropyxideae, 337, 342
Heteropyxidoideae, 328
Heteropyxis, 342
Heterosmilax, 642, 643, 644
Heterospathe, 695
Heterostachys, 143
Heterostemma, 522
Heterostemon, 350
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Heterostylaceae, 611
Heterotis, 340
Heterotoma, 489
Heterotropa, 66
Heterozostera, 612
Heuchera, 306
Hevea, 288
Hewettia, 534
Hewittia, 534
Hexachlamys, 342
Hexacyrtis, 633
Hexaglottis, 658
Hexalobus, 42
Hexapora, 49, 51
Hexapterella, 637
Hexastylis, 59
Hexatheca, 567
Heynella, 522
Heywoodia, 286
Hibbertia, 167, 168, 170
Hibbertiaceae, 168
Hibiscaceae, 270
Hibiscadelphus, 270
Hibisceae, 270
Hibiscus, 270
Hickenia, 522
Hicksbeachia, 73
Hicorieae, 126
Hieracium, 503
Hieris, 566
Hiernia, 566
Hierobotana, 571
Hierochloe, 744
Hieronymiella, 669
Hieronymusia, 306
Hilaria, 745
Hildebrandtia, 532, 534
Hildegardia, 269
Hillebrandia, 235, 236
Hilleria, 136
Hilleriaceae, 136
Hillia, 520
Himalrandia, 519
Himandandarceae, 42
Himantandra, 40
Himantandraceae, 40
Himantandrales, 39
Himatanthus, 521
Hindsia, 518
Hintonia, 520
Hionanthera, 341
Hippeastreae, 669
Hippeastrum, 669
Hippobroma, 489
Hippocastanaceae, 363, 364
Hippocratea, 412
Hippocrateaceae, 411
hippocrateae, 412
Hippocrateoideae, 412
Hippocrepis, 353
Hippomanaceae, 287

Hippomane, 289
Hippomaneae, 288
Hippophae, 430, 431, 432
Hippophaeaceae, 432
Hippotis, 519
Hippuridaceae, 550, 568
Hippuris, 568
Hiptage, 405
Hiraea, 405
Hiraeeae, 405
Hiraeoideae, 405
Hirpicium, 503
Hirschfeldia, 253
Hirtella, 327
Hirtelleae, 327
Hitchenia, 707
Hladnikia, 479
Hochreutinera, 270
Hockinia, 520
Hodgsonia, 235
Hodgsoniola, 667
Hoehnea, 573
Hoffmannia, 520
Hoffmannseggia, 351
Hohenackeria, 479
Hohenackerieae, 479
Hohenbergia, 700, 701
Hohenbergiopsis, 701
Hoheria, 270
Hoita, 353
Holacanthaceae, 376
Holarrhena, 521
Holboellia, 78
Holcus, 744
Holigarna, 374, 378
Hollandaea, 72
Hollermayera, 253
Hollisteria, 155
Hollrungia, 228
Holmbergia, 143
Holmgrenanthe, 565
Holmskioldia, 572
Holocalyx, 352
Holocheila, 574
Holochlamys, 618
Holodisceae, 319
Holodiscus, 319
Holographis, 570
Hololachna, 159
Holongia, 634
Holoptelea, 280
Holoregmia, 568
Holostemma, 522
Holosteum, 141
Holostylis, 59
Holostylon, 573
Holubia, 568
Holzneria, 565
Homalanthus, 288
Homaliaceae, 226
Homalieae, 226
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Homalium, 226, 284
Homalocalyx, 343
Homalocarpus, 479
Homalocladium, 155
Homalomena, 618
Homalosciadium, 479
Homalospermum, 343
Homea, 364
Homeria, 658
Homocodon, 488
Homollea, 519
Homolliella, 519
Homonoia, 288
Homoranthus, 343
Homozeugos, 746
Honkenya, 141
Honorius, 668
Hoodia, 522
Hooglandia, 295
Hopea, 268
Hopkinsia, 739
Hopkinsiaceae, 738
Hoplestigma, 539, 542
Hoplestigmataceae, 541, 542
Hoplophyllum, 503
Hoppea, 520
Horaninowia, 143
Hordeaceae, 742
Hordelymus, 744
Hordeum, 744
Horkelia, 320
Horkelliella, 320
Hormathophylla, 253
Hormineae, 573
Horminum, 573
Hormuzakia, 542
Hornschuchia, 42
Hornschuchiaceae, 42
Hornstedtia, 707
Hornungia, 253
Horovitzia, 244
Horsfi eldia, 46
Horsfordia, 270
Hortensiaceae, 446
Hortia, 375
Hortonia, 47, 50
Hortoniaceae, 50
Hortonioideae, 50
Horwoodia, 253
Hosackia, 353
Hosea, 572
Hosiea, 469
Hoslundia, 573
Hosta, 668
Hostaceae, 668
Hottarum, 619
Hottonia, 212, 213, 214, 215
Houssayanthus, 364
Houstonia, 519
Houstoniaceae, 518
Houttuynia, 56, 57, 59

Hovanella, 567
Hovea, 352
Hovenia, 432
Hoverdenia, 570
Howea, 695
Howellia, 489
Howelliella, 565
Hoya, 522
Hua, 408, 413
Huaceae, 408, 413
Hualania, 357
Huanaca, 479
Huarpea, 502
Hubbardia, 746
Hubbardieae, 746
Huberia, 340
Huberodendron, 270
Huchera, 304
Hudsonia, 271
Hudsonieae, 271
Huernia, 522
Huertea, 361, 362, 363
Huerteaceae, 363
Hugonia, 398, 401
Hugoniaceae, 397, 398, 401
Hugueninia, 253
Huidobria, 447
Huilaea, 340
Hulemacanthus, 570
Hullettia, 281
Hulthemia, 320
Humbertia, 535
Humbertiaceae, 530, 535
Humbertianthus, 270
Humbertiella, 270
Humbertiodendron, 327
Humbertioturraea, 377
Humbertochloa, 743
Humboldtia, 350
Humiria, 401
Humiriaceae, 397, 399, 401
Humiriastrum, 401
Humirieae, 401
Humularia, 352
Humulopsis, 281
Humulus, 279, 281
Hunga, 327
Hunnemannia, 95
Hunteria, 521
Hunterieae, 521
Hunzikeria, 533
Huodendron, 208, 209
Hura, 289
Hureae, 289
Husnotia, 522
Hutchinsiella, 253
Hutchinsonia, 519
Hutera, 253
Huthia, 201
Huxleya, 572
Huynhia, 542
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Hyacinthaceae, 665, 667, 668, 669, 678
Hyacintheae, 668
Hyacinthella, 668
Hyacinthoideae, 668
Hyacinthus, 668
Hyacynthoides, 668
Hyaenanche, 287
Hyalisma, 683
Hyalocalyx, 228
Hyalocystis, 534
Hybanthus, 222, 227
Hybosema, 353
Hydadella, 723
Hydatella, 724
Hydatellaceae, 719, 720, 723, 724
Hydnocarpus, 226, 284
Hydnophytum, 518
Hydnora, 64
Hydnoraceae, 64
Hydnorales, 64
Hydrangea, 445, 447
Hydrangeaceae, 306, 446, 447
Hydrangeae, 447
Hydrangeales, 442, 472, 512
Hydrangeales, 445
Hydrangeoideae, 447
Hydranthelium, 565
Hydrastidaceae, 86, 94, 98, 99
Hydrastis, 85, 86, 92
Hydriastele, 695
Hydrilla, 603
Hydrillaceae, 603
Hydrobryopsis, 312
Hydrobryum, 312
Hydrocera, 175, 176, 178
Hydroceraceae, 177
Hydrocharis, 600, 603
Hydrocharitaceae, 601, 602, 603
Hydrocharitales, 599, 600, 602, 605
Hydrocharitoideae, 602, 603
Hydrochorea, 351
Hydrocleys, 606
Hydrocotylaceae, 478
Hydrocotyle, 478
Hydrocotyloideae, 478
Hydrogaster, 268
Hydrolea, 531, 534
Hydroleaceae, 531, 534
Hydropeltidaceae, 15, 16
Hydropeltis, 16
Hydrophilus, 739
Hydrophylacaceae, 518
Hydrophylax, 519
Hydrophyllaceae, 539, 540, 541, 543
Hydrophylleae, 541
Hydrophylloideae, 541
Hydrophyllum, 541
Hydrostachyaceae, 587
Hydrostachyales, 587
Hydrostachys, 587
Hydrostemma, 17

Hydrothrix, 713, 716
Hydrotriche, 565
Hyeronima, 287
Hygrophila, 570
Hylaea, 521
Hylaeanthe, 708
Hylandia, 288
Hylenaea, 412
Hylocarpa, 401
Hylocereeae, 139
Hylocereus, 139
Hylodendron, 350
Hylodesmum, 353
Hylomecon, 95
Hylotelephium, 305
Hymenaea, 350
Hymenandra, 215
Hymenanthera, 227
Hymenocallideae, 669
Hymenocallis, 669
Hymenocardia, 284, 287
Hymenocardiaceae, 286
Hymenocardieae, 287
Hymenocarpos, 353
Hymenocoleus, 518
Hymenocrater, 573
Hymenodictyeae, 520
Hymenodictyon, 520
Hymenogyne, 138
Hymenolobium, 352
Hymenolobus, 253
Hymenopapus, 503
Hymenopyramis, 571
Hymenosporum, 478
Hymenostegia, 350
Hymenoxys, 503
Hyobanche, 566
Hyophorbe, 695
Hyoscyamaceae, 533
Hyoscyameae, 533
Hyoscyamus, 531, 533
Hyoseris, 503
Hyospathe, 695
Hypagophytum, 305
Hyparrhenia, 746
Hypecoaceae, 95, 96
Hypecoum, 94, 96
Hypelate, 364
Hypenia, 573
Hyperacanthus, 519
Hyperbaena, 80
Hypericaceae, 181, 182
Hypericales, 179, 184
Hypericeae, 182
Hypericopsis, 159
Hypericum, 179, 182
Hypertelis, 134, 141
Hyphaene, 695
Hypocalymma, 343
Hypocalypteae, 352
Hypocalyptus, 352
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Hypochaeris, 503
Hypodaphnideae, 52
Hypodaphnis, 48, 52
Hypodiscus, 739
Hypoestes, 570
Hypogomphia, 573
Hypolaena, 739
Hypolobus, 522
Hypolytreae, 731
Hypolytrum, 731
Hypopityaceae, 191
Hypopitys, 191
Hypoxidaceae, 648, 649, 700
Hypoxidaceae, 647
Hypoxidia, 648
Hypoxis, 647, 648, 649
Hypsela, 489
Hypselodelphys, 708
Hypseocharis, 388
Hypseocharitaceae, 385, 388
Hypserpa, 80
Hyptidendron, 573
Hyptis, 573
Hyrtanandra, 281
Hyssaria, 488
Hyssopus, 573

I
Ibatia, 522
Iberidella, 254
Iberis, 253
Ibervillea, 235
Ibicella, 559, 568
Icacina, 469
Icacinaceae, 466, 467, 468, 469, 470, 476
Icacineae, 469
Ichnanthus, 746
Ichnocarpus, 521
Ichtyostoma, 570
Icianthus, 252
Icomum, 573
Icuria, 350
Idahoa, 253
Idertia, 187
Idesia, 226, 227
Idiacanthus, 570
Idiospermaceae, 11, 50
Idiospermum, 50
Idria, 200
Ifl oga, 503
Igidia, 668
Iguanura, 695
Ihlenfeldtia, 138
Ikonnikovia, 157
Ildefonsia, 565
Ileostylus, 422
Ilex, 467, 469
Ilex aquifolium, 440
Iliamna, 270
Ilicaceae, 469

Iljinia, 143
Illecebraceae, 141
Illecebrioideae, 141
Illecebroideae, 134
Illecebrum, 141
Illiciaceae, 21, 23
Illiciales, 14, 21, 22
Illicium, 23
Illigera, 51
Illigeraceae, 51
Ilysanthes, 565
Impatiens, 176, 178
Impatientaceae, 177
Impatientella, 178
Imperata, 746
Imperatoriaceae, 478
Incarvillea, 553, 566
Indigastrum, 352
Indigofera, 352
Indigofereae, 352
Indobanalia, 142
Indofevillea, 235
Indonesiella, 570
Indopiptadenia, 351
Indorouchera, 398, 401
Indosinia, 187
Indotristicha, 312
Indovethia, 185, 187
Inga, 351
Ingeae, 351
Inhambanella, 211
Inieae, 695
Inocarpaceae, 350
Inocarpus, 352
Intsia, 350
Inula, 503
Inulaceae, 502
Inuleae, 503
Iochroma, 533
Iochrominae, 533
Iodaceae, 469
Iodanthus, 253
Iodeae, 469
Iodes, 467, 469
Ionacanthus, 570
Ionidium, 222, 419
Ionopsidium, 254
Ipheion, 669
Iphigenia, 633
Iphigenieae, 633
Ipomoea, 532, 534
Ipomoeeae, 534
Ipomopsis, 201
Irenepharsus, 252
Iresine, 142
Iriartea, 695
Iriarteaceae, 694
Iriarteeae, 695
Iriartella, 695
Iridaceae, 656, 657
Iridales, 653
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Iridales, 654
Irideae, 657
Irideae, 658
Iridoideae, 653, 657
Iridosma, 376
Iris, 654, 658
Irlbachia, 520
Irvingbaileya, 469
Irvingia, 377
Irvingiaceae, 373, 377
Iryanthera, 46
Isachne, 745
Isachneae, 745
Isatideae, 253
Isatis, 253
Ischnocarpus, 253
Ischnolepis, 522
Ischnosiphon, 708
Ischyrolepis, 739
Iseia, 534
Isertia, 519
Isertieae, 519
Isidodendron, 325, 327
Isidorea, 520
Isidrogalvia, 597, 598
Iskandera, 253
Ismene, 669
Isnardiaceae, 342
Isoberlinia, 350
Isodendrion, 227
Isodictyophorus, 573
Isodon, 573
Isoglossa, 570
Isolepis, 731
Isoleucas, 573
Isolona, 42
Isomeris, 252
Isometrum, 567
Isonandra, 211
Isonandreae, 211
Isonema, 521
Isophysidaceae, 657
Isophysidoideae, 657
Isophysis, 653, 654, 656, 657
Isoplexis, 566
Isopogon, 72
Isopyreae, 87
Isopyroideae, 87
Isopyrum, 87
Isotheca, 570
Isotoma, 489
Isotrema, 59
Isotria, 648
Isotropis, 352
Itaya, 695
Itea, 304, 306, 307
Iteaceae, 304, 307
Iteadaphne, 52
Iti, 254
Itoa, 224, 226
Itzaea, 534

Iva, 503
Ivania, 253
Ivanjohnstonia, 542
Ivesia, 320
Ixanthus, 520
Ixerba, 441
Ixerbaceae, 437, 441
Ixeris, 503
Ixia, 658
Ixiaceae, 657
Ixianthes, 566
Ixieae, 658
Ixioideae, 653, 658
Ixiolariaceae, 657
Ixioliriaceae, 656
Ixioliriaceae, 655
Ixiolirion, 654, 656
Ixoca, 142
Ixocactus, 420, 422
Ixodonerium, 521
Ixonanthaceae, 397, 399, 401
Ixonanthes, 399, 401
Ixora, 519
Ixoreae, 519
Ixorhea, 542
Ixoroideae, 519

J
Jablonskia, 287
Jaborosa, 533
Jaboroseae, 533
Jacaranda, 566
Jacaratia, 244
Jackiopsis, 520
Jacksonia, 352
Jacobsenia, 138
Jacquemontia, 534
Jacquemontieae, 534
Jacqueshuberia, 351
Jacquinia, 214
Jadunia, 570
Jaeschkea, 520
Jaimehintona, 668
Jaltomata, 533
Jamboliferaceae, 375
Jamesbrittenia, 565
Jamesia, 446
Jankaea, 567
Janotia, 520
Jansonia, 352
Janusia, 406
Japonoliriaceae, 596, 597, 598
Japonolirion, 596, 598
Jarandersonia, 268
Jarilla, 243, 244
Jasarum, 619
Jasionaceae, 488
Jasione, 488
Jasioneae, 488
Jasminaceae, 546
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Jasmineae, 546
Jasminocereus, 140
Jasminum, 545, 546
Jasonia, 503
Jateorhiza, 80
Jatropha, 288
Jatropheae, 288
Jaubertia, 519
Jaundea, 359
Javorkaea, 520
Jedda, 271
Jeffersonia, 82, 83
Jenmaniella, 312
Jensenobotrya, 138
Jepsonia, 306
Jerdonia, 568
Joannesia, 288
Jobinia, 522
Jodina, 422
Jodrellia, 667
Johannesteijsmannia, 695
Johnsonia, 667
Johnsonieae, 667
Johrenia, 479
Joinvillea, 694, 738, 742
Joinvilleaceae, 694, 738, 742
Joliffi eae, 235
Jollydora, 358, 359
Joosia, 519
Jordaaniella, 138
Josephinia, 559, 568
Jouvea, 745
Jovellana, 564
Jovetia, 519
Joycea, 744
Juania, 695
Juanulloa, 533
Juanulloideae, 533
Jubaea, 695
Jubaea, 695
Jubaeopsis, 695
Juelia, 427
Juglandaceae, 124, 125, 126
Juglandales, 123, 124
Juglandanae, 123
Juglandeae, 126
Juglandoideae, 126
Juglans, 125, 126
Julbernardia, 350
Juliania, 378
Julianiaceae, 378
Julianioideae, 378
Julocroton, 288
Julostylis, 270
Juncaceae, 724, 729, 730, 731, 732
Juncaginaceae, 609, 611
Juncales, 729, 736
Juncanae, 729
Juncellus, 731
Juncus, 731
Junellia, 571

Jurinea, 502
Juruasia, 570
Jussiaea, 342
Jussiaeaceae, 342
Jussiaeaoideae, 342
Jussiaeeae, 342
Justicia, 570
Justiciaceae, 569
Juttadinteria, 138

K
Kabuyea, 657
Kadsura, 23
Kaempferia, 707
Kageneckia, 321
Kageneckieae, 321
Kailarsenia, 519
Kairoa, 50
Kairothamnus, 287
Kaisupeea, 567
Kajewskiella, 520
Kalaharia, 572
Kalanchoe, 305
Kalanchoideae, 305
Kalappia, 351
Kalbreyeriella, 570
Kalidium, 143
Kaliphora, 441
Kaliphoraceae, 438, 441
Kallstroemia, 394
Kalmia, 192
Kalmiopsis, 192
Kalopanax, 478
Kamettia, 521
Kanahia, 522
Kanaloa, 351
Kandelia, 401
Kania, 342
Kaniaceae, 342
Kanieae, 342
Kardanoglyphos, 253
Karelinia, 503
Karimbolea, 522
Karina, 520
Karomia, 572
Karroochloa, 744
Karwinskia, 429, 430, 432
Kashmiria, 566
Kaufmannia, 215
Kayea, 182
Kearnemalvastrum, 270
Keayo-dendron, 287
Kebirita, 353
Keckiella, 565
Kedrostis, 235
Keetia, 519
Keiskea, 573
Kelissa, 658
Kelleria, 272
Kelleronia, 394
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Kelloggia, 519
Kelseya, 319
Kendrickia, 340
Kengia, 745
Kennedia, 352
Kentia, 695
Kentiopsis, 695
Kentrothamnus, 432
Keraudrenia, 269
Kerbera, 522
Kerianthera, 519
Kermadecia, 73
Kernera, 253
Kerria, 320
Kerrieae, 320
Kerriodoxa, 695
Kerrioideae, 320, 321
Kerriothyrsus, 340
Keyserlingia, 352
Khadia, 138
Khaya, 378
Kibara, 47, 50
Kibaropsis, 47, 48, 50
Kibatalia, 521
Kibessia, 340
Kibessieae, 340
Kickxia, 565
Kielmeyera, 181, 182
Kielmeyeroideae, 182
Kigelia, 554, 567
Kigellaria, 224
Kiggelaria, 220, 223, 226, 284
Kihansia, 683
Killipia, 340
Kingdonia, 69, 91, 92
Kingdoniaceae, 92
Kingella, 422
Kingia, 726, 727, 728
Kingiodendron, 350
Kinugasa, 629
Kirengeshoma, 447
Kirengeshomaceae, 446
Kirengeshomoideae, 447
Kirilowia, 143
Kirkbridea, 340
Kirkia, 377
Kirkiaceae, 371, 377
Kissenia, 447
Kissenieae, 447
Kissodendron, 478
Kitaibelia, 270
Kjellbergiodendron, 342
Klaineanthus, 288
Klainedoxa, 377
Klaprothia, 447
Klaprothieae, 447
Klattia, 657
Kleinhovia, 269
Kleinia, 503
Klotzschia, 479
Kmeria, 34, 35, 36

Knautia, 460, 463
Knema, 46
Knightia, 72
Knightieae, 72
Kniphofi a, 667
Kniphofi eae, 667
Knorringia, 155
Knowtonia, 88
Knoxia, 518
Koanophyllon, 503
Kobresia, 731
Kobresiaceae, 731
Kochummenia, 519
Koeberlinia, 254
Koeberliniaceae, 251, 254
Koehneria, 341
Koeleria, 744
Koellikeria, 567
Koelpinia, 503
Koelreuteria, 361, 364
Koelreuteriaceae, 363
Koelreuterieae, 364
Koenigia, 155
Koernickanthe, 708
Kogelbergia, 564
Kohautia, 519
Kohleria, 567
Kohlrauschia, 142
Koilodepas, 288
Kokia, 270
Kokoona, 411
Kolkwitzia, 462
Kolobopetalum, 80
Komaroffi , 87
Koompassia, 351
Kopsia, 521
Kopsiopsis, 566
Korolkowia, 634
Korthalsella, 420
Korthalsella, 423
Korthalsia, 695
Korupodendron, 337, 343
Kosmosiphon, 570
Kosopoljanskia, 479
Kosteletzkya, 270
Kostermansia, 270
Kostermanthus, 327
Kotschya, 352
Koyamaea, 731
Kozlovia, 479
Krameria, 406
Krameriaceae, 405, 406
Krapfi a, 88
Krapovickasia, 270
Krascheninnikovia, 143
Krasnovia, 479
Krauseola, 141
Kremeriella, 253
Krigia, 503
Krugiodendron, 432
Krukoviella, 187
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Kubitzkia, 51
Kudoacanthus, 570
Kudrjaschevia, 573
Kuhitangia, 141
Kulinia, 739
Kumlienia, 88
Kummerowia, 353
Kungia, 305
Kunhardtia, 724
Kunkeliella, 422
Kunstleria, 352
Kuntheria, 633
Kunzea, 343
Kupea, 683
Kupeaeae, 683
Kurzamra, 573
Kuschakewiczia, 542
Kutchubaea, 519
Kydia, 270
Kydieae, 270
Kyllinga, 731
Kyllingiella, 731
Kyphocarpa, 142

L
Labiatae, 571
Labichea, 351
Labidostelma, 522
Labisia, 215
Lablab, 352
Labordia, 513, 521
Labourdonnaisia, 211
Labramia, 211
Laburnum, 352
Lacaitaea, 542
Lacandonia, 683
Lacandoniaceae, 683
Laccopetalum, 88
Laccospadix, 695
Laccosperma, 695
Lachenalia, 668
Lachenaliaceae, 667
Lachnaea, 266, 271
Lachnanthes, 714, 716
Lachnocapsa, 254
Lachnocaulon, 724
Lachnoloma, 253
Lachnophyllum, 503
Lachnostachys, 572
Lachnostoma, 522
Lachnostylis, 286
Laciniate, 286
Lacistema, 227
Lacistemataceae, 225, 227
Lackeya, 352
Lacmellea, 521
Lactoridaceae, 57, 59
Lactoris, 59
Lactuca, 503
Lactucaceae, 502

Lactuceae, 503
Lactucoideae, 502
Lacunaria, 186, 187
Ladenbergia, 519
Laelia, 649
Laetia, 226
Lafoensia, 335, 340, 341
Lafuentea, 566
Lagarosiphon, 603
Lagarosolen, 567
Lagenandra, 619
Lagenantha, 143
Lagenanthus, 520
Lagenaria, 235
Lagenia, 522
Lagenocarpus, 731
Lagerstroemia, 335, 340, 341
Lagerstroemiaceae, 340
Lagerstroemieae, 341
Lagetta, 271
Laggera, 503
Lagoa, 522
Lagochilus, 573
Lagoecia, 479
Lagoecieae, 479
Lagonychium, 351
Lagopsis, 573
Lagotis, 566
Lagrezia, 142
Lagunaria, 270
Laguncularia, 331, 332, 339
Laguncularieae, 339
Lallemantia, 573
Lamanonia, 295
Lamarchea, 342
Lambertia, 73
Lamiaceae, 558, 571, 574
Lamiales, 546, 547, 564
Lamiales, 568
Lamianae, 511
Lamieae, 573
Lamiidae, 511
Lamiidae, 512
Lamiodendron, 566
Lamioideae, 572
Lamiophlomis, 573
Lamium, 573
Lamourouxia, 566
Lampadaria, 567
Lampas, 422
Lampaya, 571
Lampranthus, 138
Lamprolobium, 352
Lamprothamnus, 519
Lamprothyrsus, 744
Lamyropsis, 502
Lanaria, 644, 647, 654
Lanariaceae, 647, 657
Lancea, 566
Landiopsis, 519
Landolphia, 521
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Landoltia, 619
Langloisia, 201
Langsdorffi a, 428
Langsdorffi aceae, 427
Langsdorffoideae, 427
Lankesteria, 570
Lannea, 378
Lansium, 377
Lantana, 571
Lantanaceae, 571
Lantaneae, 571
Laosanthus, 707
Lapageria, 642, 643
Lapeirousia, 658
Lapidaria, 138
Lapiedra, 669
Laplacea, 173
Laportea, 281
Lappula, 542
Lapsana, 503
Lardizabala, 78
Lardizabalaceae, 78, 129
Lardizabalales, 78, 80, 81, 91
Lardizabaleae, 78
Lardizabaloideae, 78
Larentia, 658
Laretia, 479
Laria, 677
Larnax, 533
Larrea, 394
Larreae, 394
Larsenaikia, 519
Laserpitieae, 479
Laserpitium, 479
Lasia, 618
Lasiadenia, 272
Lasiantheae, 518
Lasianthera, 469
Lasianthus, 518
Lasichiton, 618
Lasiobema, 350
Lasiocarpus, 404
Lasiocaryum, 542
Lasiochlamys, 226
Lasiocladus, 570
Lasiococca, 288
Lasiocroton, 288
Lasiodiscus, 432
Lasioideae, 618
Lasiomorpha, 618
Lasiopetalaceae, 269
Lasiopetaleae, 269
Lasiopetalum, 264, 269
Lasiopogon, 503
Lasiospermum, 503
Lastarriaea, 155
Latace, 669
Latania, 695
Lateropora, 193
Lathraea, 550, 566
Lathraeocarpa, 520

Lathrophytum, 427
Lathyraceae, 350
Lathyrus, 349, 353
Latraeophila, 427
Latrobea, 352
Latua, 533
Latueae, 533
Laubertia, 521
Laumoniera, 376
Launaea, 503
Lauraceae, 45, 49, 51, 52
Lauraceae-Lauroideae, 47
Laurales, 47
Lauranae, 47
Laureae, 52
Laurelia, 51
Laurelieae, 51
Laureliopsis, 51
Laurembergia, 300, 301, 305
Laurentia, 489
Laurocerasus, 321
Lauroideae, 51
Laurus, 51, 52
Lavandula, 574
Lavanduleae, 574
Lavatera, 270
Lavigeria, 469
Lavoisiera, 340
Lavoixia, 695
Lavrania, 522
Lawrencia, 270
Lawsonia, 341
Lawsoniaceae, 340
Laxmannia, 663, 667
Laxmannieae, 667
Laxoplumeria, 521
Leandra, 340
Leandriella, 570
Leavenworthia, 253
Lebeckia, 352
Lebetanthus, 190, 193
Lebronnecia, 270
Lebrunia, 182
Lebruniodendron, 350
Lecananthus, 518
Lecanophora, 270
Lecanorchis, 648
Lecantheae, 281
Lecanthus, 281
Lechea, 271
Lechidieae, 271
Lecointea, 352
Lecokia, 479
Lecomtedoxa, 211
Lecythidaceae, 203, 204
Lecythidales, 203
Lecythidales, 202
Lecythideae, 204
Lecythidoideae, 202, 204
Lecythis, 204
Ledaceae, 191
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Ledebouria, 668
Ledenbergia, 136
Ledermanniella, 312
Ledocarpaceae, 386, 388
Ledocarpoideae, 385, 388
Ledocarpon, 388
Ledothamnus, 192
Ledum, 192
Leea, 316
Leeaceae, 315, 316
Leeoideae, 316
Leersia, 743
Leeuwenbergia, 288
Legazpia, 565
Legenere, 489
Legnephora, 80
Legouzia, 488
Legrandia, 342
Leguminosae, 350
Lehmanniella, 520
Leichhardtia, 80
Leidesia, 288
Leiophyllum, 192
Leiospora, 253
Leiothrix, 724
Leiothylax, 312
Leiphamos, 515
Leipoldtia, 138
Leitneria, 376
Leitneriaceae, 373, 376
Lelya, 519
Lembocarpus, 567
Lembotropis, 352
Lemna, 617, 619
Lemnaceae, 615, 616, 617, 619
Lemnoideae, 619
Lemuro, 695
Lemurodendron, 351
Lemuropsium, 351
Lemurosicyos, 235
Lenbrassia, 567
Lennea, 353
Lennoa, 541, 543
Lennoaceae, 539, 541, 542, 543
Lenophyllum, 305
Lens, 353
Lentibulariaceae, 564, 570
Lentiscaceae, 378, 618
Lenzia, 138
Leocereus, 139
Leocus, 573
Leonardoxa, 350
Leonia, 227
Leoniaceae, 227
Leonia triandra, 222
Leonioideae, 227
Leonotis, 573
Leonticaceae, 82
Leontice, 82
Leonticoideae, 82, 83
Leontochir, 640, 641

Leontodon, 503
Leontopodium, 503
Leonurus, 573
Leopold, 695
Leopoldia, 668
Leopoldinia, 695
Lepechinia, 573
Lepechinieae, 573
Lepechiniella, 542
Lepeostegeres, 422
Lepidagathidae, 570
Lepidagathis, 570
Lepidaria, 422
Lepidieae, 253
Lepidium, 253
Lepidobolus, 739
Lepidobortyaceae, 407
Lepidobotryaceae, 408, 411
Lepidobotrys, 411
Lepidocarpaceae, 72
Lepidocaryaceae, 694
Lepidocaryeae, 695
Lepidocaryum, 695
Lepidoceras, 421, 423
Lepidocerataceae, 423
Lepidocordia, 541
Lepidolopha, 503
Lepidopetalum, 364
Lepidorrhachis, 695
Lepidosperma, 731
Lepidostemon, 253
Lepidotrichilia, 377
Lepilaena, 610, 612
Lepinia, 521
Lepiniopsis, 521
Lepionurus, 421
Lepironia, 731
Lepisantheae, 364
Lepisanthes, 364
Lepismium, 140
Lepistemon, 534
Lepistemonopsis, 534
Leporella, 649
Leptactina, 519
Leptadenia, 522
Leptaleum, 253
Leptarrhena, 306
Leptaspis, 741, 743
Leptatherum, 746
Leptaulaceae, 469
Leptaulus, 469
Leptecophylla, 193
Leptoboea, 567
Leptocarpus, 739
Leptoceras, 649
Leptocereus, 139
Leptochiton, 669
Leptocodon, 487, 488
Leptocoryphium, 746
Leptodactylon, 201
Leptodermis, 519
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Leptoderris, 352
Leptodesmia, 353
Leptoglossis, 533
Leptogonum, 155
Leptolaena, 262, 268
Leptomeria, 422
Leptonema, 287
Leptonychia, 269
Leptonychiopsis, 269
Leptopus, 286
Leptopyrum, 87
Leptorhabdos, 566
Leptosema, 352
Leptosiphonium, 570
Leptosolena, 707
Leptospermaceae, 342
Leptospermeae, 343
Leptospermoideae, 343
Leptospermum, 343
Leptostigma, 519
Leptostylis, 212
Leptoterantha, 80
Leptothyrsa, 369, 375
Lepturaceae, 742
Lepturus, 745
Lepuropetalaceae, 407, 412
Lepuropetaloideae, 410, 413
Lepuropetalon, 412, 413
Lepyrodia, 736, 739
Lepyrodiclis, 141
Lerchea, 518
Leretia, 469
Leschenaultia, 499, 501
Lespedeza, 353
Lesquerella, 253
Lesquereuxia, 566
Lessertia, 353
Lestestudoxa, 42
Letestua, 211
Letestuella, 312
Lethedon, 266, 271
Lettowianthus, 42
Leucaena, 351
Leucanthemum, 503
Leucas, 573
Leucaster, 137
Leucastereae, 137
Leuchtenbergia, 140
Leucocalantha, 567
Leucocarpeae, 565
Leucocarpus, 566
Leucochloron, 351
Leucocodon, 518
Leucocoryne, 669
Leucocrinum, 667
Leucocroton, 288
Leucodendron, 72
Leucojaceae, 669
Leucojum, 669
Leucolophus, 520
Leucomphalos, 352

Leuconotis, 521
Leucophisalis, 533
Leucophylleae, 565, 569
Leucophyllum, 565, 569
Leucopogon, 193
Leucosalpa, 566
Leucosceptrum, 573
Leucosedum, 303
Leucosiaea, 320
Leucospermum, 72
Leucosphaera, 142
Leucospora, 565
Leucostegane, 350
Leucosyke, 281
Leucothoe, 193
Leutzelburgia, 352
Leuzea, 502
Levenhookia, 493, 494
Levieria, 50
Lewisia, 132, 138
Leycesteria, 459, 462
Leymus, 744
Liabeae, 503
Liabum, 503
Lianthus, 182
Liatris, 503
Libertia, 657, 658
Libidibia, 351
Librevillea, 350
Licania, 327
Licaria, 52
Licuala, 695
Ligaria, 422
Lignariella, 253
Ligularia, 503
Ligusticum, 479
Ligustraceae, 546
Ligustrina, 546
Ligustrum, 546
Lijndenia, 333, 339
Lilaea, 608, 609, 611
Lilaeaceae, 611
Liliaceae, 632, 634, 639, 670
Liliales, 633, 637
Liliales, 630
Lilianae, 626, 700, 703
Lilianae-Liliidae, 699
Lilieae, 634
Liliidae, 595, 625, 693, 694
Liliopsida, 60, 589, 590
Lilium, 630, 632, 634
Limacia, 80
Limaciopsis, 80
Limeaceae, 134, 141
Limeum, 141, 142
Limnalsine, 138
Limnanthaceae, 242
Limnanthales, 241
Limnanthes, 241, 242
Limnobium, 603
Limnocharis, 606
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Limnocharitaceae, 589, 605, 606
Limnocharitoideae, 605
Limnophila, 550, 565
Limnophyton, 606
Limnopoa, 745
Limnosipanea, 515, 519
Limodoraceae, 648
Limodorum, 648
Limonia, 376
Limoniaceae, 157
Limoniastrum, 156, 157
Limoniopsis, 157
Limonium, 157
Limosella, 565
Limosellaceae, 565
Limoselleae, 565
Linaceae, 398, 401
Linales, 367, 391, 395, 397, 404
Linanthastrum, 201
Linanthus, 201
Linaria, 565
Linariaceae, 565
Linariantha, 570
Linariopsis, 568
Linconia, 444
Linconieae, 444
Lindackeria, 226
Lindelofi a, 542
Lindenbergia, 565
Lindenbergiaceae, 565
Lindenia, 520
Lindeniopiper, 59
Lindera, 51, 52
Lindernia, 565
Linderniaceae, 565
Lindernieae, 565
Lindleya, 321
Lindleyaceae, 319
Lindleyieae, 318, 321
Lindmania, 700
Lindsayomyrteae, 343
Lindsayomyrtus, 343
Lineae, 401
Lingelsheimia, 285, 287
Linnaea, 459, 462
Linnaeaceae, 462
Linnaeeae, 462
Linnaeopsis, 567
Linodendron, 271
Linospadix, 695
Linostoma, 271
Lintonia, 745
Linum, 398, 401
Liparia, 352
Liparis, 649
Liparophyllum, 499, 501
Lipocarpha, 731
Lippayaceae, 518
Lippia, 571
Liquidambar, 101, 108, 109
Liriaceae, 634

Liriodendraceae, 35
Liriodendroideae, 36
Liriodendron, 34, 35, 36
Liriope, 677
Lisaea, 479
Lisianthus, 520
Lissanthe, 193
Lissocarpa, 209
Lissocarpaceae, 209
Lissocarpoideae, 209
Listera, 648
Litanthus, 668
Litchi, 364
Lithachne, 743
Lithobium, 340
Lithocarpus, 116, 117
Lithodora, 542
Lithodraba, 253
Lithomyrtus, 342
Lithophila, 142
Lithophragma, 306
Lithophytum, 568
Lithops, 138
Lithospermeae, 542
Lithospermum, 542
Litsea, 48, 51, 52
Littaea, 668
Littonia, 633
Littorella, 553, 568
Litwinowia, 253
Livistona, 695
Livistoneae, 695
Llagwioa, 364
Llewelynia, 340
Lloydia, 634
Lloydieae, 634
Loasa, 447
Loasaceae, 445, 446, 447
Loasales, 449
Loasales, 445
Loasa picta, 446
Loaseae, 447
Loasoideae, 447
Lobanilia, 288
Lobelia, 489
Lobeliaceae, 488, 502
Lobelieae, 489
Lobelioideae, 486, 487, 489, 494
Lobostemon, 542
Lobularia, 253
Lochia, 141
Lodoicea, 695
Loefl ingia, 141
Loerzingia, 288
Loeselia, 201
Loeseliastrum, 201
Loeselieae, 201
Loesenera, 350
Loeseneriella, 412
Loewia, 228
Logania, 511, 512, 517



816 Index

Loganiaceae, 513, 517, 518, 520, 546, 564
Loheria, 215
Loiseleuria, 192
Lolium, 744
Lomandra, 727, 728
Lomandraceae, 726, 727, 728
Lomatia, 72
Lomatogonium, 520
Lomatophyllum, 667
Lomelosia, 463
Lonchocarpus, 352
Lonchophora, 253
Lonchostephus, 313
Lonchostoma, 443, 444
Loncomelos, 668
Londesia, 143
Longetia, 287
Lonicera, 459, 462
Loniceraceae, 462
Lonicereae, 462
Lopezia, 336, 342
Lopeziaceae, 342
Lopezieae, 342
Lophanthera, 404, 405
Lophanthus, 573
Lophatherum, 745
Lophiocarpaceae, 136
Lophiocarpeae, 136
Lophiocarpus, 136
Lophiola, 598
Lophiolaceae, 598
Lophiolepis, 745
Lophira, 187
Lophiraceae, 184, 185, 187
Lophocarpinia, 351
Lophochlaena, 744
Lophogyne, 312
Lopholaena, 503
Lophomyrtus, 342
Lophopetaleae, 411
Lophopetalum, 411
Lophophora, 140
Lophophytaceae, 427
Lophophytoideae, 427
Lophophytum, 427
Lophopyxidaceae, 410, 412
Lophopyxis, 412
Lophos, 342
Lophospermum, 565
Lophostachys, 570
Lophostemoneae, 342
Lophostoma, 271
Lopimia, 270
Lopriorea, 142
Loranthaceae, 420, 422, 423
Lorantheae, 422
Loranthus, 422
Loreya, 340
Loricalepis, 340
Loricaria, 503
Loropetalum, 109

Lorostelma, 522
Lorostemon, 182
Lorostemonoideae, 182
Lostemma, 522
Lotaceae, 350
Loteae, 353
Lotononis, 352
Lotouchea, 520
Lotropis, 357
Lotus, 353
Loudetia, 746
Lourtella, 341
Louteridium, 570
Lovoa, 378
Lowia, 707
Lowiaceae, 704, 707
Loxanthera, 422
Loxocalyx, 573
Loxocarpus, 567
Loxocarya, 739
Loxococcus, 695
Loxodiscus, 363
Loxonia, 567
Loxostemon, 253
Loxostigma, 567
Lozanella, 280
Lozania, 227
Lubaria, 375
Lucilia, 503
Lucya, 519
Ludekia, 520
Ludia, 226
Ludisia, 649
Ludovia, 682
Ludwigia, 336, 342
Luehea, 268
Lueheeae, 268, 432
Lueheopsis, 268
Luetkea, 319
Luffa, 235
Luffeae, 235
Lugonia, 522
Luma, 336, 342
Lumnitzera, 339
Lunania, 226
Lunaria, 253
Lunarieae, 253
Lunasia, 375
Lundia, 554, 567
Lupinaster, 353
Lupinus, 352
Luplnus, 349
Lupulaceae, 281
Luronium, 606
Luvunga, 376
Luxemburgia, 184, 186
Luxemburgiaceae, 186
Luxemburgioideae, 186
Luziola, 743
Luzonia, 352
Luzula, 730, 731
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Luzuriaga, 639, 641
Luzuriagaceae, 639, 640, 641
Luzuriageae, 641
Lyallia, 138
Lycaste, 649
Lyceum, 533
Lychnidaceae, 141
Lychniothyrsus, 570
Lychnis, 142
Lychnophora, 503
Lyciaceae, 533
Lycianthes, 533
Lycieae, 533
Lycocarpus, 253
Lycopersicon, 533
Lycopsis, 542
Lycopus, 573
Lycori, 669
Lycoris, 669
Lycurus, 745
Lygeeae, 744
Lygeum, 744
Lyginia, 739
Lyginiaceae, 738
Lygisma, 522
Lygodysodeaceae, 518
Lymania, 701
Lyonia, 193
Lyonieae, 193
Lyonothamnoideae, 319, 321
Lyonothamnus, 318, 319, 321
Lyperanthus, 649
Lyperia, 565
Lyrocarpa, 254
Lyrocarpeae, 254
Lysiana, 422
Lysicarpus, 342
Lysidice, 350
Lysiloma, 351
Lysimachia, 212, 216
Lysimachiaceae, 215
Lysimachieae, 216
Lysimachioideae, 216
Lysinema, 193
Lysionotus, 567
Lysiosepalum, 269
Lysiostyles, 534
Lysiphyllum, 350
Lysipomia, 489
Lythraceae, 328, 338, 340, 341
Lythreae, 341
Lythroideae, 340
Lythrum, 341, 342
Lytocaryum, 695

M
Maackia, 352
Mabea, 289
Mabrya, 565
Maburea, 421

Macadamia, 71, 73
Macadamieae, 73
Macairea, 340
Macaranga, 288
Macarenia, 312
Macarisia, 401
Macarisiaceae, 401
Macarisieae, 400, 401, 402
Macarthuria, 141, 142
Macbridea, 573
Macfadyena, 566
Macgregoria, 410, 412
Macgregorioideae, 412
Macha, 731
Machaerium, 352
Machaerocarpus, 606
Machairophyllum, 138
Mackaya, 570
Mackinlaya, 479
Mackinlayoideae, 479
Maclaudia, 521
Macleania, 193
Macleaya, 94, 95
Maclura, 281
Maclurodendron, 375
Macoubea, 521
Macphersonia, 364
Macranthera, 566
Macranthisiphon, 566
Macrocarpaea, 520
Macrocentrum, 340
Macrocnemum, 519
Macrococculus, 80
Macroditassa, 522
Macrohasseltia, 226
Macrolenes, 340
Macrolobieae, 350
Macrolobium, 350
Macropanax, 478
Macropeplus, 50
Macropetalum, 522
Macropharynx, 521
Macropiper, 56, 57, 59
Macropodieae, 252
Macropodiella, 312
Macropodium, 252
Macropsychanthus, 352
Macropteranthes, 339
Macroptilium, 353
Macrosamanea, 351
Macroscepis, 522
Macrosiphonia, 521
Macrosolen, 422
Macrosphyra, 519
Macrostelia, 270
Macrostylis, 375
Macrosyringion, 566
Macrotomia, 542
Macrotyloma, 352
Madangia, 522
Maddenia, 321
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Madhuca, 211
Madlabium, 574
Maerua, 252
Maerueae, 252
Maesa, 215
Maesaceae, 214, 215
Maesobotrya, 287
Maesopsideae, 432
Maesopsis, 432
Maeviella, 565
Magdalenaea, 566
Magellana, 240
Magnistipula, 327
Magnolia, 34, 35, 36, 315
Magnoliaceae, 35, 167
Magnoliales, 30, 34, 40, 47, 315
Magnolianae, 21, 30, 45, 168
Magnolieae, 36
Magnoliidae, 14, 21, 47, 69, 101, 103, 129, 167, 168, 315
Magnolioideae, 36
Magnoliophyta, 1
Magnoliopsida, 7, 589
Magodendron, 212
Maguireanthus, 340
Maharanga, 542
Mahawoa, 522
Mahonia, 69, 81, 82
Mahurea, 180, 182
Maianthemum, 677
Maidenia, 603
Maieta, 340
Maihuenia, 139
Maingaya, 109
Maireana, 143
Majorana, 573
Malabaila, 479
Malaccotristicha, 312
Malaceae, 319
Malachra, 270
Malacocarpus, 391, 392, 395
Malacocera, 143
Malacomeles, 321
Malacothamnus, 270
Malacothrix, 503
Malagasia, 73
Malania, 421
Malaxideae, 649
Malaxis, 649
Malcolmia, 253
Maleae, 321
Malephora, 138
Malesherbia, 228
Malesherbiaceae, 220, 221, 228
Malleastrum, 377
Malleostemon, 343
Mallophora, 572
Mallophyton, 340
Mallotonia, 542
Mallotus, 288
Malmea, 42
Maloideae, 320

Malope, 270
Malortieaceae, 694
Malouetia, 521
Malouetieae, 521
Malouetiella, 521
Malpighia, 405
Malpighiaceae, 404, 405, 406
Malpighiales, 402, 404, 411, 412
Malpighioideae, 405
Malus, 321
Malva, 270
Malvaceae, 267, 269, 270
Malvales, 203, 232, 260, 261, 267, 268, 278, 279, 284, 285
Malvanae, 260
Malvanthera, 278
Malvastrum, 270
Malvaviscus, 270
Malveae, 270
Malvella, 270
Mammea, 182
Mammillaria, 140
Mammilloydia, 140
Manaosella, 566
Mancoa, 253
Mandevilla, 521
Mandragora, 533
Mandragoreae, 533
Manekia, 59
Manettia, 519
Manfreda, 668
Mangenotia, 521
Mangiaceae, 401
Mangifera, 374, 378
Manglietia, 36
Manglietiastrum, 36
Manglletia, 35
Mangonia, 618
Manicaria, 695
Manicariaceae, 694
Manicariseae, 695
Manihot, 288
Manihoteae, 288
Manilkara, 211
Maniltoa, 350
Mannagettaea, 566
Manniella, 649
Manniophyton, 288
Manostachya, 519
Manotes, 359
Mansoa, 567
Mansonia, 269
Mansonieae, 269
Mantalania, 519
Mantisia, 707
Manulea, 565
Manuleae, 568
Manuleeae, 565
Manuleopsis, 565
Maoutia, 281
Mapania, 731
Mapaniaceae, 731
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Mapanioideae, 729, 731, 732
Mapaniopsis, 731
Mappia, 469
Mappianthus, 469
Maprounea, 289
Maquira, 281
Marah, 235
Marahuacaea, 724
Maran, 708
Maraniona, 352
Maranta, 708
Marantaceae, 703, 706, 708
Maranthaceae, 703
Maranthes, 327
Marathraceae, 312
Marathrum, 312
Marcania, 570
Marcelliopsis, 142
Marcetia, 340
Marcgravia, 177, 178
Marcgraviaceae, 175, 177, 178
Marcgraviastrum, 178
Marcgravioideae, 178
Maresia, 253
Mareya, 288
Mareyopsis, 288
Margaranthus, 533
Margaretopsis, 518
Margaretta, 522
Margaritaria, 287
Margaritolobium, 352
Margyricarpus, 320
Marianthus, 478
Mariceae, 658
Marila, 182
Marina, 352
Maripa, 534
Maripeae, 534
Mariscus, 731
Markea, 533
Markhamia, 566
Marlierea, 342
Marlothistella, 138
Marmaroxylon, 351
Marmoritis, 573
Marojejya, 695
Marquesia, 268
Marrubieae, 573
Marrubium, 573
Marsdenia, 522
Marsdenieae, 522
Marsippospermum, 730, 731
Marsypianthes, 573
Marsypopetalum, 42
Martellidendron, 680
Marthella, 637
Martinella, 567
Martiodendron, 351
Martretia, 287
Martretieae, 287
Martynia, 559, 568

Martyniaceae, 559, 568, 569
Mascagnia, 405
Mascarenhasia, 521
Maschalocephalus, 721, 724
Maschalocorymus, 518
Masdevallia, 649
Masoala, 695
Massonia, 668
Massonieae, 668
Massularia, 519
Mastersia, 352
Mastersiella, 739
Mastigostyla, 658
Mastixia, 451, 452, 453
Mastixiaceae, 451, 452, 453
Mastixiodendron, 516, 519
Mastixiopsis, 453
Matayba, 364
Matelea, 522
Mathewsia, 254
Mathieua, 669
Mathurina, 228
Matisia, 270
Matisieae, 270
Matricaria, 503
Matricariaceae, 502
Matsumurella, 573
Matthaea, 50
Matthiola, 253
Mattiastrum, 542
Matucana, 140
Matudaea, 108, 109
Matudanthus, 716
Mauloutchia, 46
Maundia, 608, 609, 611
Maundiaceae, 611
Maurandella, 565
Maurandya, 565
Mauritia, 695
Mauritiella, 695
Maxburretia, 695
Maxia, 138
Maxillaria, 649
Maxillarieae, 649
Maxwellia, 269
Mayaca, 723
Mayacaceae, 719, 720, 722, 723, 725
Mayanaea, 227
Mayna, 224, 226
Mayodendron, 566
Maytenus, 411
Mazus, 566
Mcvaughia, 405
Mearnsia, 342
Meborea, 287
Mecardonia, 565
Mechowia, 142
Meconella, 95
Meconopsis, 94, 95
Mecopus, 353
Mecranium, 340
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Medemia, 695
Medeola, 630, 631, 634
Medeolaceae, 631, 634
Medeoleae, 634
Medicago, 353
Medicosma, 375
Medinella, 340
Medinilla, 340
Mediolaceae, 630
Mediusella, 268
Medusagynaceae, 183, 184, 186, 187
Medusagyne, 170, 187
Medusandra, 422
Medusandraceae, 418, 422
Medusanthera, 469
Meeboldina, 739
Meehania, 573
Megacarpaea, 253
Megacarpaeae, 253
Megacodon, 520
Megacorax, 342
Megadenia, 253
Megadenieae, 252
Megahertzia, 72
Megaleranthis, 87
Megalocalyx, 488
Megalochlamys, 570
Megalostoma, 570
Megalotheca, 739
Megaphrynium, 708
Megaphyllaea, 377
Megaskepasma, 570
Megastachya, 745
Megastigma, 375
Megastylis, 649
Megistostegium, 270
Megistostigma, 288
Meineckia, 287
Meiocarpidium, 42
Meiogyne, 42
Meizotropis, 352
Meladerma, 521
Melaleuca, 342
Melaleucaceae, 342
Melaleuceae, 342
Melampodium, 503
Melampyraceae, 565
Melampyrum, 566
Melananthus, 533
Melancium, 235
Melandrium, 142
Melanocenchris, 745
Melanochyla, 378
Melanodendron, 503
Melanolepis, 288
Melanophylla, 441, 477
Melanophyllaceae, 475, 477
Melanopsidium, 519
Melanospermum, 565
Melanostachya, 739
Melanoxylon, 351

Melanthiaceae, 626, 629, 633, 634, 654
Melanthiaceae-, 660
Melanthiales, 628, 630, 636
Melanthiales, 626, 654
Melanthieae, 627
Melanthium, 626, 627
Melasma, 566
Melasphaerula, 658
Melastoma, 340
Melastomastrum, 340
Melastomataceae, 328, 334, 339, 341
Melastomeae, 340
Melhania, 269
Melia, 377
Meliaceae, 368, 371, 377
Melianthaceae, 384, 387, 389
Melianthus, 386, 387, 389
Melica, 744
Melicaceae, 742
Meliceae, 744
Melichrus, 193
Melicocceae, 364
Melicoccus, 364
Melicope, 375
Melicytus, 227
Melieae, 377
Melientha, 421
Melilotus, 353
Melinia, 522
Melinis, 746
Melioideae, 377
Meliosma, 366
Meliosmaceae, 366
Meliosmoideae, 366
Melissa, 573
Melittdaaceae, 571
Melittis, 557, 573
Mellera, 570
Melliniella, 353
Melliodendron, 209
Mellisia, 533
Mellitacanthus, 570
Melloa, 566
Melocactus, 139
Melocanna, 742
Melochia, 269
Melochiaceae, 269
Melodineae, 521
Melodinus, 521
Melodorum, 42
Melolobium, 352
Melomphis, 668
Melosperma, 565
Melospermeae, 565
Melostemon, 339
Melothria, 235
Melothrianthus, 235
Membranous ligule, 741
Memecylaceae, 333, 339, 340, 341
Memecylon, 339
Memora, 566
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Mendoncia, 569
Mendonciaceae, 569
Mendoncieae, 561, 569
Mendoncioideae, 569
Mendoravia, 351
Meniocus, 253
Meniscogyne, 281
Menispermaceac, 129
Menispermaceae, 80, 366
Menispermales, 79, 81
Menispermeae, 80
Menispermum, 80
Menkea, 253
Menodora, 546
Menonvillea, 252
Mentha, 557, 573
Menthaceae, 571
Mentzelia, 447
Mentzelia arborescens, 446
Mentzelioideae, 447
Menyanthaceae, 500, 501
Menyanthes, 499, 500, 501
Menziesia, 192
Menzieziaceae, 191
Merciera, 487, 488
Merciereae, 488
Mercurialaceae, 287
Mercurialis, 288
Merendera, 633
Merenderaceae, 633
Meresaldia, 522
Meriandra, 573
Meriandreae, 573
Meriania, 340
Merianieae, 340
Merianthera, 340
Mericarpaea, 519
Merilliopanax, 478
Merinthopodium, 533
Meristo, 353
Merope, 376
Merostachys, 743
Merremia, 534
Merremieae, 534
Merrillanthus, 522
Merrillia, 376
Merrilliodendron, 469
Mertensia, 542
Merwilla, 668
Merxmuellera, 744
Meryta, 478
Meryteae, 478
Mesanthemum, 722, 724
Mesechiteae, 521
Mesechites, 521
Mesembryaceae, 137
Mesembryanthemaceae, 137
Mesembryanthemoideae, 137
Mesembryanthemum, 137
Mesogyne, 281
Mesomelaena, 731

Mesona, 573
Mesosetum, 746
Mesostemma, 141
Mespilaceae, 319
Mespilus, 321
Mestoklema, 138
Mesua, 181, 182
Metabolus, 518
Metabriggsia, 567
Metadina, 520
Metaeritrichium, 542
Metalasia, 503
Metalepis, 522
Metanarthecium, 598
Metanemone, 88
Metapetrocosmea, 567
Metaplexis, 522
Metaporana, 534
Metarungia, 570
Metas, 573
Metastachys, 573
Metastelma, 522
Meteo, 342
Meterostachys, 305
Metharme, 394
Metopium, 378
Metro, 342
Metrodorea, 375
Metrosideros, 342
Metroxylon, 695
Metteniusa, 469
Metteniusaceae, 469
Metteniuseae, 469
Metternichia, 533
Metternichieae, 533
Mexacanthus, 570
Meximalva, 270
Mexipedium, 648
Meyenia, 569
Meyerophytum, 138
Meyna, 519
Meziella, 305
Mezilaurus, 51
Mezobromelia, 701
Mezoneuron, 351
Mezzettia, 42
Mezzettiopsis, 42
Micania, 503
Michauxia, 488
Michauxieae, 488
Michelia, 35, 36
Michelieae, 36
Micheliella, 573
Michelsonia, 350
Micholitzia, 522
Micklethwaitia, 350
Miconia, 340
Miconiaceae, 339
Miconieae, 340
Micraeschynanthus, 567
Micraira, 745
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Micraireae, 745
Micrairoideae, 745
Micrandra, 288
Micrandreae, 288
Micrandropsis, 288
Micrantheaceae, 287
Micranthemum, 565
Micranthes, 306
Micrantheum, 287
Micranthocereus, 139
Micranthus, 658
Micrargeria, 566
Micrargeriella, 566
Micro, 253
Microberlinia, 350
Microcarpaea, 565
Microcarpeae, 565
Microcaryum, 542
Microcephala, 503
Microcharis, 352
Microcitrus, 376
Microcnemum, 143
Micrococca, 288
Microcodon, 488
Microcoelia, 649
Microcorys, 572
Microcybe, 375
Microdesmis, 289
Microdon, 565
Microdracoides, 731
Microglossa, 503
Microgynoecium, 143
Microlaena, 743
Microlagenaria, 235
Microlepidium, 253
Microlepis, 340
Microlicia, 340
Microlicieae, 340
Microlobus, 351
Microloma, 522
Micromelum, 376
Micromeria, 573
Micromytrus, 343
Micropeplis, 143
Microphium, 520
Micropholis, 211
Microphyes, 141
Microphysa, 519
Micropiper, 57
Micropleura, 479
Microplumeria, 521
Micropus, 503
Microsechium, 235
Microsemia, 252
Microsemma, 271
Microsemmateae, 271
Microsisymbrium, 252
Microstachys, 288
Microsteira, 405
Microsteris, 201
Microstigma, 253

Microtea, 143
Microteoideae, 143
Microtis, 649
Microtoena, 573
Microtropis, 411
Microula, 542
Mida, 419, 422
Miersia, 669
Miersiella, 637
Mila, 140
Mildbraedia, 288
Mildbraediodendron, 352
Miliaceae, 742
Milicia, 281
Miliusa, 42
Miliusieae, 42
Milla, 668
Millettia, 352
Millettieae, 352
Milligania, 645, 647
Millingtonia, 566
Millum, 744
Miltianthus, 392, 394
Miltonia, 649
Milula, 664, 666, 669
Milulaceae, 669
Mimetanthe, 566
Mimetes, 72
Mimosa, 351
Mimosaceae, 350
Mimoseae, 351
Mimosoideae, 349, 351, 353
Mimozygantheae, 351
Mimozyganthus, 351
Mimuleae, 566
Mimulicalyx, 566
Mimulopsis, 570
Mimulus, 566
Mimusopeae, 211
Mimusops, 211
Minaea, 254
Minquartia, 421
Minthostachys, 573
Minuartia, 141
Minuartioideae, 141
Miquelia, 469
Mirabilidaceae, 137
Mirabilis, 133, 137
Miraglossum, 522
Mirandea, 570
Mirbelia, 352
Mirbelieae, 352
Miscanthus, 746
Mischocarpus, 364
Mischodon, 287
Mischogyne, 42
Misodendraceae, 416, 419, 422
Misodendrum, 422
Misopates, 565
Mistropetaloideae, 426
Mitchella, 518, 520
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Mitella, 304, 306
Mitostemma, 228
Mitostemma glasiovii, 221
Mitostigma, 522
Mitracarpus, 519
Mitragyna, 520
Mitrantia, 342
Mitraria, 567
Mitrasacme, 511, 518
Mitrasacmopsis, 519
Mitrastemon, 65
Mitrastemonaceae, 65
Mitrastemonales, 65
Mitrella, 42
Mitreola, 514, 518
Mitrephora, 42
Mitriostigma, 519
Mitrophyllum, 138
Miyakea, 88
Miyoshia, 598
Mkilua, 42
Mniothamnea, 444
Moacroton, 288
Mocquerysia, 224, 226
Modeccaceae, 227
Modiola, 270
Modiolastrum, 270
Moehringia, 135, 141
Moenchia, 141
Moerenhoutia, 649
Mohavea, 565
Moldenhawera, 351
Molineria, 648
Molinia, 745
Molinodendron, 109
Mollia, 262, 268
Mollinedia, 50
Mollinedieae, 50
Mollinedioideae, 50
Mollnaea, 364
Molluginaceae, 130, 134, 141, 142
Mollugo, 141
Molongum, 521
Molopospermum, 479
Moltkia, 542
Moltkiopsis, 542
Moluccella, 573
Mommopetalum, 411
Momordica, 235
Mona, 138
Monadenium, 289
Monanthes, 303, 305
Monanthocitrus, 376
Monanthotaxis, 42
Monarda, 573
Monardella, 573
Monarthrocarpus, 353
Mondia, 522
Monechma, 570
Moneses, 192
Moniera, 565

Monilaria, 138
Monimia, 47, 50
Monimiaceae, 47, 48, 50, 51, 52
Monimiastrum, 342
Monimieae, 50
Monimioideae, 50
Monnieria, 375
Monnina, 357
Monocardia, 565
Monocarpia, 42
Monochaetum, 340
Monochasma, 566
Monochileae, 572
Monochilus, 572
Monochoria, 716
Monococcus, 130, 136
Monocosmia, 138
Monocostus, 703, 707, 708
Monocyclanthus, 42
Monodia, 745
Monodora, 41, 42
Monodoraceae, 42
Monodoroideae, 41, 42
Monolea, 340
Monolepis, 143
Monopanthera, 519
Monopera, 565
Monopetalanthus, 351
Monophrynium, 708
Monophyllaea, 567
Monophyllanthe, 708
Monoporus, 215
Monopsis, 489
Monopteryx, 352
Monopyle, 567
Monosalpinx, 519
Monotaceae, 262, 268
Monotagma, 708
Monotaxis, 288
Monotes, 268
Monothecium, 570
Monotoca, 193
Monotoideae, 268
Monotrema, 724
Monotremeae, 724
Monotropa, 191
Monotropaceae, 191
Monotropastrum, 191
Monotropeae, 191
Monotropoideae, 191, 193
Monotropsis, 191
Monsoa, 386
Monsonia, 388
Monstera, 618
Monstereae, 618
Montandra, 521
Monteiroa, 270
Montia, 138, 139
Montiaceae, 138
Montiastrum, 138
Montigena, 353
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Montinia, 439, 441, 442
Montiniaceae, 439, 441
Montiopsis, 138
Montrichardia, 618
Montrouziera, 182
Monttea, 551, 565
Moquinia, 503
Moquinieae, 503
Moquiniella, 422
Mora, 351
Moraceae, 278, 279, 281
Moraea, 658
Moratia, 695
Moreae, 281
Morelia, 519
Morella, 123
Morelotia, 731
Morettia, 253
Morgania, 565
Moricandia, 253
Moriera, 253
Morierina, 520
Morina, 463
Morinaceae, 461, 463
Morinda, 518
Morindeae, 518
Moringa, 245
Moringaceae, 245
Moringales, 244, 245
Morisia, 253
Morisonia, 252
Morkillia, 394
Morkillieae, 394
Moronobea, 182
Moronobeoideae, 182
Morrenia, 522
Morsacanthus, 570
Mortonia, 412
Mortoniella, 521
Mortoniodendron, 267
Morus, 281
Moschopsis, 501
Mosiera, 342
Mosla, 557, 573
Mossia, 138
Mostacillastrum, 253
Mostuea, 512, 517
Motherwellia, 478
Motleyia, 518
Moullava, 351
Moultonia, 567
Moultonianthus, 288
Mourera, 313
Mourereae, 313
Mouretia, 519
Mouriri, 339
Moussonia, 567
Moutabea, 357
Moutabea, 356
Moutabeaceae, 357
Moutabeae, 357

Moutabeoideae, 357
Mucizonia, 305
Mucoa, 521
Mucronea, 155
Mucuna, 352
Muehlbergella, 488
Muehlenbeckia, 154, 155
Muellera, 352
Muelleranthus, 352
Muellerargia, 235
Muellerina, 422
Muellerolimon, 157
Muhlenbergia, 745
Muilla, 666, 668
Muiria, 138
Muiriantha, 375
Mukdenia, 303, 306
Mukia, 235
Mulinum, 479
Multidentia, 519
Mundulea, 352
Munnozia, 503
Munroa, 745
Munroidendron, 478
Munronia, 377
Muntingia, 267
Muntingiaceae, 263, 267
Muntingioideae, 267
Muraltia, 357
Murbeckiella, 253
Murchisonia, 667
Murdannia, 716
Muricaria, 253
Murraya, 376
Musa, 707
Musaceae, 705, 707
Musanga, 281
Muscari, 668
Muscarimia, 668
Musella, 707
Musgravea, 73
Mussaenda, 516
Mussaendeae, 519
Mussaendopsis, 520
Mussatia, 567
Musschia, 487, 488
Musschieae, 488
Mutisia, 502
Mutisiaceae, 502
Mutisieae, 502
Mutisioideae, 502
Myagrum, 253
Mycelis, 503
Mycerinus, 193
Mycetia, 519
Myginda, 411
Myladenia, 287
Myodocarpaceae, 473, 478
Myodocarpus, 473, 478
Myonima, 519
Myoporaceae, 560, 569
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Myoporum, 560, 569
Myoschilos, 422
Myosotideae, 542
Myosotis, 540, 542
Myosoton, 141
Myosurus, 85, 88
Myrceugenia, 342
Myrceugenia, 336
Myrcia, 342
Myrcianthes, 342
Myrciaria, 342
Myriactis, 503
Myrialepis, 695
Myrianthus, 281
Myriaspora, 340
Myrica, 123
Myricaceae, 123, 125
Myricales, 123, 125
Myricanthe, 288
Myricaria, 159
Myricoideae, 123
Myriocarpa, 281
Myriolimon, 157
Myrioneuron, 520
Myriophyllaceae, 305
Myriophyllum, 300, 301, 305, 306
Myriopteron, 522
Myrios, 745
Myristica, 46
Myristicaceae, 45, 60
Myristicales, 45
Myrmecodia, 518
Myrmeconauclea, 520
Myrmecosicyos, 235
Myrmephytum, 518
Myrmidone, 340
Myrobalanaceae, 339
Myrocarpus, 352
Myrosma, 708
Myrospermum, 352
Myrothamnaceae, 107
Myrothamnales, 106, 107
Myrothamnanae, 106
Myrothamnus, 107
Myroxylon, 352
Myrrhidendron, 479
Myrrhiniaceae, 342
Myrrhinium, 343
Myrrhis, 479
Myrrhoides, 479
Myrsinaceae, 212, 213, 215, 216
Myrsine, 215
Myrsiphyllum, 678
Myrtaceae, 328, 337, 342, 343
Myrtales, 203, 339, 442
Myrtales, 305, 306, 328
Myrtama, 159
Myrtanae, 328
Myrtastrum, 343
Myrteae, 342
Myrtella, 343

Myrteola, 336, 343
Myrtillocactus, 140
Myrtoideae, 342, 343
Myrtopsis, 375
Myrtus, 343
Mysanthus, 353
Mystropetalaceae, 427
Mystropetaloideae, 427
Mystropetalon, 426, 427
Mytilaria, 108, 109
Myxopyreae, 546
Myxopyrum, 546
Mzymtella, 488

N
Naiocrene, 138
Najadaceae, 600, 602
Najas, 602
Nama, 539, 540, 541
Namacodon, 488
Namaquanthus, 138
Namaquanula, 669
Nameae, 541
Namibia, 138
Namophila, 668
Nananthus, 138
Nandina, 81, 82
Nandinaceae, 81, 82
Nanno, 695
Nannorrhops, 695
Nanochilus, 707
Nanocnide, 281
Nanodea, 422
Nanophyton, 143
Nanorrhinum, 565
Nantheae, 502
Nanuza, 686
Napaea, 270
Napeanthus, 567
Naphalon, 270
Napoleonaea, 202, 204
Napoleonaeaceae, 203, 204
Napoleonaeaeae, 202
Naravelia, 88
Narcissaceae, 669
Narcisseae, 669
Narcissus, 664, 669
Nardaceae, 742
Nardeae, 744
Nardostachys, 459, 462
Nardus, 744
Naregamia, 377
Naringi, 376
Nartheciaceae, 598
Narthecium, 596, 598
Nasa, 447
Nashia, 571
Nassauviaceae, 502
Nastanthus, 501
Nasturtiopsis, 253
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Nasturtium, 253
Nathalliella, 565
Natsiatopsis, 469
Natsiatum, 469
Nauclea, 520
Naucleaceae, 518
Naucleeae, 520
Naucleopsis, 281
Naudinia, 375
Naufraga, 479
Naumburgia, 216
Nauplius, 503
Nautilocalyx, 567
Nautochilus, 573
Nautonia, 522
Navaea, 270
Navarretia, 201
Navia, 700
Nayariophyton, 270
Nealchornea, 288
Neanotis, 519
Neatostema, 542
Nebelia, 444
Neblinantha, 520
Neblinanthera, 340
Neblinaria, 181
Necepsia, 288
Nechamandra, 603
Necramium, 340
Necranthus, 566
Nectandra, 51
Nectaropetalum, 401
Nectaroscilla, 668
Nectaroscordum, 669
Nectouxia, 533
Neea, 137
Needhamiella, 193
Neeopsis, 137
Neesenbeckia, 731
Neesia, 270
Negria, 567
Neillia, 319
Neilliaceae, 319
Neillieae, 319
Neisosperma, 521
Nelia, 138
Nelmesia, 731
Nelsia, 142
Nelsonia, 569
Nelsoniaceae, 569
Nelsonioideae, 561, 569, 570
Nelumbo, 75
Nelumbonaceae, 75
Nelumbonales, 74
Nemacaulis, 155
Nemacladaceae, 488
Nemacladoideae, 488
Nemacladus, 488
Nemastylis, 658
Nematanthus, 567
Nematolepis, 375

Nematostemma, 522
Nematostylis, 519
Nematuris, 522
Nemesia, 565
Nemicia, 352
Nemopanthus, 467, 469
Nemophila, 541
Nemuaron, 51
Nemum, 731
Nenax, 519
Nenga, 695
Neoalsomitra, 235
Neoapaloxylon, 350
Neoastelia, 645, 647
Neobaclea, 270
Neobakeria, 668
Neobalanocarpus, 268
Neobassia, 143
Neobeguea, 378
Neoboutonia, 288
Neobracea, 521
Neobrittonia, 270
Neobuchia, 270
Neobuxbaumia, 140
Neocarya, 327
Neocentema, 142
Neochamaelea, 376
Neochevalierodendron, 350
Neocinnamomum, 51
Neocollettia, 352
Neocouma, 521
Neodielsia, 353
Neodistemon, 281
Neodregea, 633
Neodriessenia, 340
Neodunnia, 352
Neoeplingia, 573
Neofabricia, 343
Neogaillonia, 516, 519
Neogarrhinum, 565
Neoglaziovia, 701
Neogleasoma, 181
Neogontscharovia, 157
Neoguillauminia, 289
Neoharmsia, 352
Neohemsleya, 211
Neohenricia, 138
Neoholstia, 288
Neohymenopogon, 519
Neohyptis, 573
Neojobertia, 566
Neolamarckia, 520
Neolemonniera, 211
Neoleptopyrum, 87
Neolitsea, 52
Neolloydia, 140
Neoluederitzia, 392, 394
Neoluederitzioideae, 394
Neomarica, 658
Neomartinella, 253
Neomillspaughia, 155
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Neomirandea, 503
Neomitranthes, 343
Neomortonia, 567
Neomuellera, 573
Neomussaenda, 519
Neomyrtus, 336, 343
Neonauclea, 520
Neoniholsonia, 695
Neonotonia, 352
Neopatersonia, 668
Neopaxia, 138
Neopentanisia, 518
Neopicrorhiza, 566
Neoporteria, 140
Neopringlea, 226
Neoptychocarpus, 226
Neoraimondia, 140
Neorapinia, 571
Neoregelia, 701
Neoregnellia, 269
Neorites, 72
Neoroepera, 287
Neorudolphia, 352
Neoschumannia, 522
Neosciadium, 478
Neoscortechinia, 288
Neosepicea, 566
Neoshirakia, 289
Neosparton, 571
Neosprucea, 226
Neostapfi a, 745
Neostenanthera, 42
Neostrearia, 109
Neotatea, 182
Neotchihatchewia, 253
Neotessmannia, 261, 267
Neotessmannioideae, 267
Neotorularia, 253
Neotrewia, 288
Neottia, 648
Neottiaceae, 648
Neottieae, 648
Neo-uvaria, 42
Neoveitchia, 695
Neowerdermannia, 140
Neowormia, 168
Nepeantheae, 567
Nepentaceae, 161
Nepenthaceae, 160, 163, 164
Nepenthales, 160, 164
Nepenthanae, 160
Nepenthes, 164
Nepeta, 573
Nepetaceae, 571
Nepeteae, 573
Nepetoideae, 573
Nephelieae, 364
Nephelium, 364
Nephradenia, 522
Nephrocarya, 542
Nephrodesmus, 353

Nephrophyllidium, 501
Nephrophyllum, 534
Nephrosperma, 695
Nephthytis, 618
Nepsera, 340
Neptunia, 351
Neraudia, 281
Neriacanthus, 570
Nerine, 664, 669
Nerisyrenia, 253
Nerium, 517, 521
Nernstia, 520
Nerophila, 340
Nertera, 519
Nervilia, 649
Nesaea, 341
Nesaeeae, 341
Nesiota, 432
Neslia, 254
Nesocodon, 488
Nesogenaceae, 554, 571
Nesogenes, 571
Nesogordonia, 269
Nesoluma, 211
Nesphostylis, 352
Nestegis, 546
Nestronia, 422
Neuburgia, 514, 517, 522
Neumannia, 228
Neuontobotrys, 253
Neuracanthus, 570
Neurada, 269
Neuradaceae, 263, 269
Neuradopsis, 269
Neurautanenia, 352
Neurocalyx, 518
Neurolepis, 743
Neuroloma, 253
Neuropeltis, 534
Neuropeltopsis, 534
Neurotheca, 520
Neuwiedia, 648
Neuwiediaceae, 648
Nevillea, 739
Neviusia, 320
Newbouldia, 566
Newcastelia, 572
Newtonia, 351
Nhandirobaceae, 235
Nhandiroboideae, 235
Nicandra, 533
Nicandreae, 530, 533
Nichallea, 519
Nicodemia, 548, 564
Nicolasia, 503
Nicotiana, 533
Nicotianaceae, 533
Nicotianeae, 533
Nidularium, 701
Niederleinia, 159
Niedzwedzkia, 553, 566
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Niemeyera, 212
Nierembergia, 530, 533
Nietneria, 598
Nigella, 87
Nigellaceae, 86
Nigelleae, 87
Niphaea, 567
Nissolia, 352
Nitraria, 391, 395
Nitrariaceae, 392, 395
Nitrophila, 142
Nivenia, 657
Nivenioideae, 653, 657
Noaea, 143
Noahdendron, 109
Nocarpus, 405
Noccaea, 254
Nodocapaea, 519
Nodonema, 567
Noeconopodium, 479
Noecracca, 353
Nogalia, 542
Nogra, 352
Noisettia, 227
Nolana, 531, 534
Nolanaceae, 531, 534
Nolina, 677
Nolinaceae, 675, 677
Nolletia, 503
Noltea, 432
Nomocharis, 630, 632, 634
Nonateliaceae, 518
Nonea, 542
Nopaleaceae, 139
Norantea, 178
Noranteaceae, 178
Noranteoideae, 178
Noranthea, 176
Normanbya, 695
Normandia, 519
Normandiodendron, 350
Normania, 533
Noronhia, 546
Norrisia, 517
Northia, 211
Notanthera, 422, 423
Notechidnopsis, 522
Notelaea, 546
Nothaphoebe, 51
Nothapodytes, 466, 469
Nothoalsomitra, 235
Nothobartsia, 566
Nothocestrum, 533
Nothochelone, 565
Nothochilus, 566
Nothocissus, 316
Nothocnide, 281
Nothofagaceae, 117, 119
Nothofagus, 116, 117, 419
Notholirion, 632, 634
Nothopegia, 378

Nothosaerva, 142
Nothoscordum, 666, 669
Nothospondias, 376
Notobuxus, 114, 115
Notocacteae, 140
Notoceras, 253
Notochaete, 573
Notochloe, 744
Notodanthonia, 744
Notodon, 353
Notopora, 193
Notospar, 353
Notothixos, 423
Notothlaspi, 254
Nototriche, 270
Nototrichium, 142
Novosieversia, 320
Nowickea, 136
Nucularia, 143
Numaeacampa, 488
Nuphar, 16
Nupharaceae, 16
Nupharoideae, 16
Nuttallanthus, 565
Nuxia, 548, 550, 564, 565
Nuxioideae, 564
Nuytsia, 420, 422
Nuytsiaceae, 422
Nuytsieae, 422
Nyctaginaceae, 129, 133, 137, 154, 156
Nyctagineae, 137
Nyctaginia, 137
Nyctanthaceae, 546
Nyctanthes, 546
Nyctocalos, 566
Nylandtia, 357
Nymania, 377
Nymphaea, 16
Nymphaeaceae, 15, 16, 589
Nymphaeales, 14
Nymphaeanae, 11, 13, 15, 29
Nymphaeeae, 16
Nymphaeidae, 590
Nymphaeoideae, 16
Nympheaceae, 499
Nympheales, 29
Nymphoides, 499, 501
Nypa, 693, 694, 695
Nypaceae, 694
Nypoideae, 695
Nyssa, 450, 452, 453
Nyssa aquatica, 449
Nyssaceae, 449, 450, 452, 453
Nyssalike, 453
Nyssanthes, 142

O
Obergonia, 140
Oberna, 142
Oberoma, 649
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Obetia, 281
Obolaria, 520
Obolariaceae, 520
Obolinga, 351
Obtegomeria, 573
Occus, 695
Oceanopapaver, 267
Ochagavia, 701
Ochanostachys, 421
Ochna, 184, 187
Ochnaceae, 185, 187, 213, 270
Ochnales, 183, 203
Ochneae, 184, 187
Ochotonophila, 141
Ochradenus, 247, 254
Ochranthaceae, 363
Ochranthe, 363
Ochreinauclea, 520
Ochrocarpus, 182
Ochroma, 270, 432
Ochrosia, 521, 522
Ochrosperma, 343
Ochthephilus, 340
Ochthocharis, 340
Ochthochloa, 745
Ochthocosmus, 399, 401
Ochtodium, 253
Ocimeae, 573
Ocimum, 573
Ocotea, 51
Octamyrtus, 343
Octoceras, 253
Octoknema, 418, 422
Octoknemaceae, 419, 422
Octolepideae, 271
Octolepidoideae, 271
Octolepis, 266, 271
Octolobus, 269
Octomeles, 234, 236
Octomeron, 573
Octopoma, 138
Octospermum, 288
Octotropideae, 519
Octotropis, 519
Oddoniodendron, 350
Odendron, 42
Odicardis, 566
Odonellia, 534
Odontadenia, 521
Odontanthera, 522
Odontitella, 566
Odontites, 566
Odontocarya, 80
Odontoglossum, 649
Odontonema, 570
Odontophorus, 138
Odontostelma, 522
Odontostomum, 654, 657
Odosicyos, 235
Odyendea, 376
Oecopetalum, 469

Oedematopus, 181, 182
Oemleria, 321
Oenanthe, 479
Oenocarpus, 695
Oenothera, 342
Oenotheraceae, 342
Oerstedina, 567
Ofaiston, 143
Oftia, 569
Oftiaceae, 561, 569
Ogastemma, 542
Ohwia, 353
Okenia, 137
Okoubaka, 418, 422
Olacaceae, 417, 421, 422
Olacoideae, 421
Olax, 417, 421
Oldenlandia, 519
Oldfi eldeae, 287
Oldfi eldia, 287
Oldfi eldioideae, 287
Olea, 546
Oleaceae, 442, 546
Oleales, 545, 546, 548
Olearia, 503
Oleeae, 546
Olgaea, 502
Oligactis, 503
Oligarrhena, 193
Oligarrheneae, 193
Oligocarpus, 503
Oligoceras, 288
Oligochaeta, 502
Oligocodon, 519
Oligomeris, 254
Olimarabidopsis, 253
Olinia, 339
Oliniaceae, 331, 338, 339
Oliverella, 422
Olmedia, 281
Olmedlella, 226
Olneya, 353
Olsynium, 658
Olyra, 743
Olyreae, 743
Omania, 565
Ombrophytum, 427
Omphacomeria, 422
Omphalea, 288
Omphaleae, 288
Omphalocarpeae, 212
Omphalocarpum, 212
Omphalodes, 542
Omphalogonus, 521
Omphalogramma, 215
Omphalothrix, 566
Omphalotrigonotis, 542
Onagraceae, 328, 336, 342
Onagraceae, 305
Onagreae, 342
Onagroideae, 342
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Oncella, 422
Oncidium, 649
Oncinema, 522
Oncinocalyx, 572
Oncinotis, 521
Oncoba, 226
Oncobeae, 226
Oncocalamus, 695
Oncocalyx, 422
Oncodostigma, 42
Oncosperma, 695
Oncostema, 668
Oncostemum, 215
Oncotheca, 173
Oncothecaceae, 170, 172, 173
Ondinea, 16
Ondineae, 16
Ongokea, 417, 418, 421
Onira, 658
Onixotis, 632, 633
Onobrychis, 353
Ononis, 353
Onopordum, 502
Onosma, 542
Onosmataceae, 541
Onuris, 253
Onychopetalum, 42
Onychosepalum, 739
Oophytum, 138
Opercularia, 519
Operculariaceae, 518
Operculina, 534
Ophellantha, 288
Ophiobotrys, 226
Ophiocarpus, 353
Ophiocaryon, 366
Ophiocephalus, 566
Ophiocolea, 567
Ophionella, 522
Ophiopogon, 675, 677
Ophiopogonaceae, 677
Ophiopogoneae, 677
Ophiopogonoideae, 677
Ophiorrhiza, 518
Ophiorrhizeae, 518
Ophiorrhiziphyllon, 569
Ophioxylaceae, 521
Ophrestia, 352
Ophrypetalum, 42
Ophrys, 649
Ophthalmoblapton, 289
Opilia, 421
Opiliaceae, 417, 421
Opilieae, 421
Opiopanax, 478
Opisthiolepis, 72
Opisthocentra, 340
Opithandra, 567
Opizia, 745
Oplismenus, 746
Oplonia, 570

Opocunonia, 295
Opopanax, 479
Oporanthaceae, 669
Opuntia, 139
Opuntiaceae, 139
Orania, 695
Oranieae, 695
Oraniopsis, 695
Orbaceae, 319
Orbea, 522
Orbexilum, 353
Orchadocarpa, 567
Orchidaceae, 1, 625, 646, 648, 649
Orchidales, 644
Orchidantha, 707
Orchideae, 649
Orchidoideae, 645, 646, 649
Orchids, 649
Orchis, 649
Orcuttia, 745
Oreacanthus, 570
Oreanthes, 193
Orectanthe, 720, 724
Oreithales, 88
Orenella, 142
Oreoblastus, 253
Oreobllton, 143
Oreobolopsis, 731
Oreobolus, 729, 731
Oreocallis, 72
Oreocereus, 140
Oreocharis, 567
Oreocnide, 281
Oreogeum, 320
Oreoloma, 253
Oreomitra, 42
Oreomunnea, 126
Oreomyrrhis, 479
Oreonesion, 520
Oreopanax, 473, 478
Oreophysa, 353
Oreophyton, 253
Oreopolus, 518
Oreoporanthera, 287
Oreosolen, 565
Oreosparte, 522
Oreostylidium, 494
Oreosyce, 235
Oresitrophe, 306
Orfi lea, 288
Orias, 341
Oricia, 375
Oriciopsis, 375
Origanum, 573
Oriteae, 72
Orites, 72
Orixa, 375
Orlaya, 479
Ormocarpopsis, 352
Ormocarpum, 352
Ormosia, 352
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Ornichia, 520
Ornithoboea, 567
Ornithocarpa, 254
Ornithogalaceae, 667
Ornithogaleae, 668
Ornithogaloideae, 668
Ornithogalum, 668
Ornithoglossum, 633
Ornithopus, 353
Ornithostaphylos, 192
Ornithrophaceae, 363
Orobanchaceae, 565
Orobanche, 566
Orobanchoideae, 551, 566
Orontiaceae, 618
Orontieae, 618
Orontioideae, 618
Orontium, 615, 618
Oropetium, 745
Orophea, 42
Orophochilus, 570
Orostachys, 305
Orothamnus, 72
Oroxyleae, 566
Oroxylum, 554, 566
Oroya, 140
Orphanodendron, 351
Orphium, 520
Ortegaceae, 141
Ortegia, 141
Ortegocactus, 140
Orthaea, 193
Orthanthella, 566
Orthanthera, 522
Orthilia, 192
Orthion, 227
Orthocarpus, 566
Orthoceras, 649
Orthoclada, 745
Orthomene, 80
Orthophyllum, 701
Orthopichonia, 521
Orthopterum, 138
Orthopterygium, 378
Orthosia, 522
Orthosiphon, 573
Orthothylax, 712, 716
Orthrosanthus, 658
Orthurus, 320
Orvala, 573
Orychophragmus, 253
Oryctanthus, 422
Oryctes, 533
Oryctina, 422
Oryxis, 353
Oryza, 743
Oryzaceae, 742
Oryzeae, 743
Oryzopsis, 744
Osa, 520
Osammophora, 138

Osbeckia, 340
Osbornia, 342
Osbornieae, 342
Oschatzia, 479
Oscularia, 138
Oserya, 312
Osmanthus, 546
Osmaronieae, 321
Osmelia, 226
Osmorhiza, 479
Osmoxylon, 478
Ossaea, 340
Osteomeles, 321
Osteophloeum, 46
Osteospermum, 503
Ostodes, 288
Ostrearia, 107, 109
Ostrowskia, 485, 488
Ostrowskioideae, 488
Ostrya, 120
Ostryocarpus, 352
Ostryopsis, 120
Osyridaceae, 422
Osyridocarpos, 422
Osyris, 422
Otacanthus, 565
Otanthera, 340
Othocallis, 668
Otholobium, 353
Othonna, 503
Otion, 352
Otiophora, 518
Otoba, 46
Otocarpus, 253
Otomeria, 518
Otophora, 364
Otoptera, 352
Otostegia, 573
Ottelia, 601, 603
Ottleya, 353
Ottoschulazia, 469
Ottosonderia, 138
Oubanguias, 204
Oudneya, 253
Ougeinia, 353
Ouratea, 184, 187
Ourisia, 566
Ovidia, 271
Owenia, 377
Oxalidaceae, 358, 359
Oxalidales, 350, 413
Oxalidales, 358
Oxalis, 359
Oxalyx, 342
Oxandra, 42
Oxanthera, 376
Oxera, 572
Oxyanthus, 519
Oxycaryum, 731
Oxyceros, 519
Oxychlamys, 567
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Oxychloe, 730, 731
Oxycladaceae, 565
Oxycoccaceae, 191
Oxycoccus, 193
Oxydendreae, 193
Oxydendrum, 193
Oxygonum, 155
Oxygraphis, 88
Oxygyne, 637
Oxylobium, 352
Oxypetalum, 522
Oxyrhynchus, 353
Oxyria, 155
Oxyspora, 340
Oxystelma, 522
Oxystigma, 350
Oxystylidaceae, 252
Oxystylideae, 252
Oxystylis, 250, 252
Oxytheca, 155
Oxytropis, 353
Ozioëoideae, 668
Oziroë, 668

P
Pachecoa, 352
Pachira, 270
Pachyanthus, 340
Pachycarpus, 522
Pachycentria, 340
Pachycereeae, 140
Pachycereus, 140
Pachycladon, 253
Pachycornia, 143
Pachyelasma, 351
Pachyglossum, 522
Pachygoneae, 80
Pachylarnax, 35, 36
Pachyloma, 340
Pachymitus, 253
Pachynema, 167, 168
Pachyneurum, 253
Pachyphragma, 254
Pachyphytum, 305
Pachypodanthium, 42
Pachypodium, 521
Pachypterygium, 253
Pachyrhizus, 352
Pachysandra, 101, 113, 114, 115
Pachysandraceae, 114
Pachysandreae, 115
Pachystachys, 570
Pachystroma, 289
Pachystromateae, 289
Pachystylidium, 288
Pachystylus, 519
Pacouriaceae, 521
Padbruggea, 352
Padellus, 321
Padus, 321

Paederia, 519
Paederieae, 519
Paederota, 566
Paederotella, 566
Paeonia, 99, 100
Paeoniaceae, 99, 100
Paeoniales, 99
Paepalanthoideae, 724
Paepalanthus, 724
Pagamaeaceae, 518
Pagamea, 518, 520
Pagameopsis, 520
Pagella, 303, 305
Painteria, 351
Paivaeusaceae, 287
Pajanelia, 566
Pakaraimaea, 268
Pakaraimaeoideae, 268
Palandra, 693
Palaquium, 211
Palaua, 270
Paleodi, 312
Paliavana, 567
Palicourea, 518
Palisota, 716
Paliureae, 432
Paliurus, 432
Palmae, 694
Palmerella, 489
Palmeria, 50
Palmeryeae, 50
Palmstruckia, 253
Paloue, 350
Paloveopsis, 350
Pamburus, 376
Pamianthe, 669
Pamphilia, 209
Panaceae, 478
Panamanthus, 422
Pancheria, 294, 295
Pancovia, 364
Pancratiaceae, 669
Pancratieae, 669
Pancratium, 669
Panda, 284, 286, 289
Pandaceae, 284, 286, 289
Pandanaceae, 680, 682, 683, 685
Pandanales, 734, 735
Pandanales, 680, 682
Pandananae, 680
Pandanoideae, 680
Pandanus, 680, 734
Panderia, 143
Pandiaka, 142
Pandorea, 566
Pangieae, 226
Pangium, 226, 284
Panicaceae, 742
Paniceae, 746
Panichloa, 745
Panicoideae, 746
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Panicum, 746
Panopsis, 71, 73
Pantacantha, 533
Pantadenia, 288
Panurea, 352
Panzeria, 573
Panzerina, 573
Papaver, 95
Papaveraceae, 94, 96
Papaverales, 93, 94, 96
Papavereae, 95
Papaveroideae, 95
Paphia, 193
Paphiopedilum, 648
Papilionaceae, 350
Papilionoideae, 351
Pappea, 364
Pappophoraceae, 742
Pappophorum, 745
Papualthia, 42
Papuanthes, 422
Papuasicyos, 235
Papuechites, 521
Papuodendron, 270
Papuzilla, 253
Papyraceae, 731
Parabaena, 80
Paraberlinia, 350
Parabignonia, 566
Paraboea, 567
Parabouchetia, 542
Paracaleana, 649
Paracalyx, 352
Paracaryum, 542
Paracephaelis, 519
Parachimarrhis, 519
Paraclausia, 253
Paracoffea, 519
Paracorynanthe, 520
Paracroton, 288
Paracryphia, 169, 170
Paracryphiaceae, 169, 170
Paracryphiales, 169, 170
Paracynoglossum, 542
Paraderris, 352
Paradisea, 667
Paradombeya, 269
Paradrymonia, 567
Paradrypetes, 287
Paraeremostachys, 573
Paragenipa, 519
Parageum, 320
Paragonia, 566
Paragynoxys, 503
Parahancornia, 521
Paraharveya, 566
Parahebe, 566
Paraia, 51
Paraisometrum, 567
Paraju, 695
Parakaempferia, 707

Parakibara, 50
Parakmeria, 36
Paralamium, 573
Paralepistemon, 534
Paramachaerium, 352
Paramacrolobium, 350
Paramapania, 731
Paramelhania, 269
Parameria, 521
Paramichelia, 36
Paramichella, 35
Paramignya, 376
Paramomum, 707
Paramongaia, 669
Paramyristica, 46
Paranecepsia, 288
Paranephelium, 364
Paranomus, 72
Parapantadenia, 288
Parapentas, 518
Paraphlomis, 573
Parapiptadenia, 351
Parapodium, 522
Parapteropyrum, 155
Paraquilegia, 87
Pararchidendron, 351
Pararistolochia, 59
Parartocarpus, 281
Pararuellia, 570
Parasassafras, 52
Paraserianthes, 351
Paraserianthes, 351
Parashorea, 268
Parashoreae, 268
Parasicyos, 235
Paraskevia, 542
Parasopubia, 566
Parasponia, 280
Parastemon, 327
Parastriga, 566
Parastyrax, 209
Paratecoma, 566
Paratephrosia, 352
Parathesis, 215
Paratriaina, 519
Paravitex, 571
Pardanthopsis, 658
Pardoglossum, 542
Parentucellia, 566
Parepigynum, 521
Pariana, 743
Parianaceae, 742
Parianeae, 743
Paridaceae, 629
Parietaria, 281
Parietariaceae, 281
Parietarieae, 279, 281
Parinari, 327
Parinarieae, 327
Paris, 628, 629
Parischella, 486
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Parishella, 487, 488
Parishia, 378
Parkia, 351
Parkieae, 351
Parkinsonia, 351
Parlatoria, 253
Parmentiera, 567
Parnassia, 410, 412, 413
Parnassiaceae, 410, 412
Parnassioideae, 410, 412
Parochetus, 353
Parodia, 140
Parodianthus, 571
Parodiodendron, 287
Parodiodoxa, 253
Parolinia, 253
Paronychia, 141
Paronychiaceae, 141
Paronychieae, 141
Paronychioideae, 141
Paropsia, 228
Paropsiaceae, 227
Paropsieae, 226, 228
Paropsiopsis, 228
Paropyrum, 87
Paroxygrapis, 88
Parrotia, 109
Parrotiaceae, 109
Parrotiopsis, 108, 109
Parrya, 253
Parryella, 352
Parryodes, 253
Parryopsis, 253
Parsonsia, 521
Parthenium, 503
Parthenocissus, 315, 316
Parvatia, 78
Parvisedum, 305
Pasithea, 661, 667
Paspalum, 746
Passerina, 272
Passifl ora, 221, 228
Passifl oraceae, 220, 226, 227, 228, 233
Passifl orales, 219, 226
Passifl oreae, 228
Pastinaca, 479
Pastorea, 254
Patagonula, 542
Patersonia, 657
Patha, 618
Patinoa, 270
Patosia, 730, 731
Patrinia, 459, 462
Patrinieae, 462
Paucouria, 521
Pauia, 533
Pauldopia, 566
Paullinia, 362, 364
Paullinieae, 364
Paulownia, 550, 565
Paulowniaceae, 565

Paulownieae, 565
Pauridia, 646, 647, 648
Pauridiantha, 518
Pauridiantheae, 518
Pausandra, 288
Pausinystalia, 520
Pavetta, 519
Pavetteae, 519
Paviaceae, 364
Paviaesia, 364
Pavonia, 270
Paxia, 359
Paxistima, 411
Payena, 211
Payera, 518
Paypayrola, 227
Pearcea, 567
Pearsonia, 352
Pectiantiaceae, 306
Pectinaria, 522
Pectis, 503
Pectocarya, 542
Pedaliaceae, 559, 568, 569
Pedalieae, 568
Pedaliodiscus, 568
Pedalium, 568
Peddiea, 271
Pedicellarum, 618
Pediculariaceae, 565
Pedicularis, 566
Pedilanthus, 289
Pedinogyne, 542
Pediocactus, 140
Pediomelum, 353
Pedistylis, 422
Pegaephyton, 253
Peganaceae, 392, 395
Peganum, 391, 392, 395
Pegia, 378
Pegolettia, 503
Pehria, 341
Peixotoa, 405
Pelagatia, 253
Pelagodendron, 519
Pelagodoxa, 695
Pelagodoxeae, 695
Pelargonium, 386, 388
Pelecostemon, 570
Pelecyphora, 140
Peliosanthaceae, 677
Peliosantheae, 677
Peliosanthes, 674, 675, 677
Peliostomum, 565
Pellacalyx, 400, 401
Pellegrinia, 193
Pellegriniodendron, 350
Pelletiera, 216
Pelletiera, 213
Pelliciera, 178
Pellicieraceae, 177, 178, 181
Pellinaceae, 495
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Peltaea, 270
Peltandra, 619
Peltandreae, 619
Peltanthera, 548
Peltaria, 253
Peltariopsis, 253
Peltastes, 521
Peltiera, 352
Peltoboykinia, 306
Peltodon, 573
Peltogyne, 350
Peltophorum, 351
Peltophyllum, 683
Peltostigma, 375
Pemphis, 341
Penaea, 339
Penaeaceae, 328, 331, 338, 339
Penelopeia, 235
Penianthus, 80
Peniocereus, 139
Pennantia, 476
Pennantiaceae, 469, 472, 476, 477
Pennellia, 253
Pennellianthus, 565
Pennisetum, 746
Penstemon, 565
Pentabothra, 522
Pentabrachion, 286
Pentace, 268
Pentaceras, 375
Pentachlaena, 268
Pentachondra, 193
Pentaclethra, 351, 353
Pentacrostigma, 534
Pentactina, 319
Pentadenia, 567
Pentadesma, 182
Pentadiplandra, 254
Pentadiplandraceae, 248, 254
Pentaglottis, 542
Pentagonia, 519
Pentalinon, 521
Pentameris, 744
Pentamerista, 177, 178
Pentanisia, 518
Pentanopsis, 519
Pentanura, 521
Pentapanax, 473, 478
Pentapeltis, 479
Pentapetaceae, 269
Pentapetes, 269
Pentaphragma, 486, 487
Pentaphragmataceae, 486, 487
Pentaphylacaceae, 170, 172, 173
Pentaphylax, 173
Pentaphylloides, 320
Pentaplaris, 268
Pentapleura, 573
Pentapterigium, 193
Pentaptilon, 501
Pentarhopalopilia, 421

Pentarrhaphis, 745
Pentarrhinum, 522
Pentas, 518
Pentasachme, 522
Pentaschistis, 744
Pentastelma, 522
Pentastemona, 687, 688, 689, 690
Pentastemonaceae, 688
Pentastemonodiscus, 141
Pentatropis, 522
Penthoraceae, 300, 302, 305
Penthorum, 305, 306
Pentodon, 519
Pentopetia, 521
Peperomia, 56, 59
Peperomiaceae, 56, 58, 59
Pepinia, 700
Peplidium, 565
Peplis, 341
Peplonia, 522
Peponidium, 519
Peponium, 235
Peponopsis, 235
Peptopentia, 522
Pera, 287
Peracarpa, 488
Peracarpeae, 488
Peraceae, 287
Perakanthus, 519
Perama, 518
Perantha, 567
Peraphyllum, 321
Peratanthe, 519
Peraxilla, 422
Pereae, 287
Perebea, 281
Perenideboles, 570
Pereskia, 139
Pereskia, 134
Pereskioideae, 139
Pereskiopsis, 139, 140
Pergularia, 522
Periandra, 352
Perianthomega, 566
Periarrabidaea, 567
Periboea, 668
Pericalymma, 343
Pericalypta, 570
Pericampylus, 80
Perichlaena, 566
Pericopsis, 352
Peridiscaceae, 225, 227
Peridiscus, 225, 227
Perilla, 573
Perillula, 573
Perilomia, 572
Periomphale, 496
Periomphale, 496, 497
Peripentadenia, 232
Periploca, 522
Periplocaceae, 521
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Periplocoideae, 521, 522
Periptera, 270
Peripterygia, 411
Peripterygium, 470
Perissocarpa, 187
Peristrophe, 570
Peristylus, 649
Peritassa, 412
Permum, 378
Pernettyopsis, 193
Peroideae, 287
Peronema, 574
Perotis, 745
Perovskia, 573
Perriera, 376
Perrierastrum, 573
Perrierodendron, 268
Perrierophytum, 270
Perrierosedum, 305
Perrottetia, 409, 412
Perrottetieae, 412
Persea, 51
Perseaceae, 51
Perseea, 51
Persica, 321
Persicaria, 155
Persicariaceae, 155
Persicarieae, 155
Persoonia, 71, 72
Persoonieae, 72
Persoonioideae, 72
Pertusadina, 520
Pertyeae, 502
Pervillea, 522
Petagnaea, 479
Petagnia, 474
Petaladenium, 352
Petalidium, 570
Petalodiscus, 286
Petalolophus, 42
Petalonychoideae, 445, 446, 447
Petalonyx, 447
Petalostelma, 522
Petalostigma, 287
Petalostylis, 351
Petasites, 503
Petchia, 521
Petelotiella, 281
Peteria, 353
Petermannia, 639, 641
Petermanniaceae, 640, 641
Peterodendron, 226
Petersianthus, 204
Petiniotia, 253
Petitia, 571
Petitiocoden, 520
Petitmenginia, 566
Petiveria, 136
Petiveriaceae, 136, 137, 142
Petiverieae, 136
Petopentia, 522

Petraeomyrtus, 342
Petraeovitex, 571
Petrea, 571
Petreaceae, 571
Petreae, 571
Petrocallis, 253
Petrocodon, 567
Petrocoma, 142
Petrocoptis, 142
Petrocosmea, 567
Petrogenia, 534
Petromarula, 488
Petronymphe, 668
Petrophile, 71, 72
Petrophileae, 72
Petrophytum, 319
Petroravenis, 253
Petrorhagia, 142
Petrosavia, 596, 598
Petrosaviaceae, 597, 598
Petrosaviales, 596
Petrosedum, 305
Petroselinum, 479
Petrosimonia, 143
Petteria, 352
Petunia, 533
Peucedaneae, 479
Peucedanum, 479
Peumeae, 50
Peumus, 47, 50
Pfaffi a, 142
Pfosseria, 668
Phacelia, 539, 541
Phacelieae, 541
Phacellanthus, 566
Phacellaria, 423
Phacellaria, 422
Phacelophrynium, 708
Phacocapnos, 96
Phaeanthus, 42
Phaedranassa, 669
Phaenosperma, 744
Phaenospermateae, 744
Phaeonychium, 253
Phaeoptilum, 137
Phagnalon, 503
Phainantha, 340
Phaius, 649
Phalaenopsis, 649
Phalaridaceae, 742
Phaleria, 271
Phaleriaceae, 271
Phalerieae, 271
Phalocallis, 658
Phanera, 350
Phanerodiscus, 421
Pharaceae, 742
Pharnaceaceae, 141
Pharnaceum, 141
Pharoideae, 743
Pharus, 741, 743
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Phaseolaceae, 350
Phaseoleae, 352
Phaseolus, 349, 353
Phaulopsis, 570
Phaulothamnus, 137
Phebalium, 375
Phedimus, 305
Pheidochloa, 745
Pheidonocarpa, 567
Phelipanche, 566
Phellinaceae, 495, 496
Phellinales, 495
Phelline, 496
Phelline, 496
Phellocalyx, 519
Phellodendron, 369, 375
Phelpsiella, 724
Phelypaea, 566
Phelypaeaceae, 565
Phenacospermum, 703
Phenakospermum, 706
Phenax, 281
Pherotrichis, 522
Phialacanthus, 570
Philacra, 187
Philadelphaceae, 446
Philadelpheae, 442, 446
Philadelphoideae, 446
Philadelphus, 445, 446
Philbornea, 401
Philcoxia, 565
Philenoptera, 352
Philesia, 642, 643
Philesiaceae, 642, 643, 644
Philibertia, 522
Philippiella, 141
Philippodendraceae, 270
Phillydrella, 713
Philocrenaceae, 312
Philodendreae, 618
Philodendroideae, 618
Philodendron, 616, 618
Philodice, 724
Philotheca, 375
Philydraceae, 711, 716, 717, 735
Philydrella, 716
Philydrum, 713, 716
Philyra, 288
Phinaea, 567
Phlebiophragmus, 253
Phlebocarya, 715, 717
Phlebolobium, 253
Phlegmatospermum, 253
Phlocideae, 201
Phlogacanthus, 570
Phlomidoschema, 573
Phlomis, 573
Phlomoides, 573
Phlox, 201
Phochlamys, 707
Phoebe, 51

Phoenicaceae, 694
Phoenicanthus, 42
Phoenicaulis, 253
Phoeniceae, 695
Phoenicophorium, 695
Phoenix, 694, 695
Pholidia, 569
Pholidocarpus, 695
Pholidostachys, 695
Pholisma, 541, 543
Pholistoma, 541
Phoradendraceae, 423
Phoradendreae, 423
Phoradendron, 423
Phormiaceae, 656, 661, 667
Phormioideae, 661, 667
Phormium, 661, 667
Photinia, 321
Phragmanthera, 422
Phragmipedium, 648
Phragmites, 745
Phragmocarpidium, 270
Phragmotheca, 270
Phrodus, 533
Phryganocydia, 566
Phryma, 571
Phrymataceae, 557, 571
Phrynella, 142
Phrynium, 708
Phtheirospermum, 566
Phthirusa, 422
Phuodendron, 462
Phuopsis, 519
Phycella, 669
Phygelius, 565
Phyla, 571
Phylacium, 352
Phylica, 432
Phylicaceae, 432
Phyliceae, 432
Phyllachne, 494
Phyllachneae, 494
Phyllactis, 462
Phyllagathis, 340
Phyllanoa, 287
Phyllanthaceae, 284, 285, 286, 287
Phyllantheae, 286
Phyllanthera, 521
Phyllanthoideae, 287
Phyllanthus, 284, 285, 287
Phyllarthron, 567
Phyllis, 519
Phylloboeae, 567
Phyllobolus, 137
Phyllobotryon, 224, 226
Phyllocara, 542
Phyllocarpus, 350
Phyllocarpus, 350
Phylloclinium, 224, 226
Phyllocosmus, 399, 401
Phylloctenium, 567
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Phyllocyclus, 520
Phyllodium, 353
Phyllodoce, 192
Phyllodoceae, 192
Phyllonoma, 470
Phyllonomaceae, 468, 470
Phyllophyton, 573
Phyllopodium, 565
Phyllorachideae, 743
Phyllorachis, 741, 743
Phylloscirpus, 731
Phyllosma, 375
Phyllospadix, 611, 612
Phyllostegia, 573
Phyllostemonodaphne, 51
Phyllostylon, 280
Phyllota, 352
Phylloxylon, 352
Phyllyrea, 546
Phylohydrax, 519
Phymatarum, 619
Phymatocarpus, 342
Phymosia, 270
Physacanthus, 570
Physaliastrum, 533
Physalis, 533
Physaria, 253
Physena, 153
Physenaceae, 153
Physenales, 129, 152
Physocalymma, 341
Physocalyx, 566
Physocardamum, 253
Physocarpus, 318, 319
Physocaulis, 479
Physochlaina, 533
Physokentia, 695
Physoleucas, 573
Physoplexis, 488
Physopsis, 572
Physoptychis, 253
Physopyrum, 155
Physorhynchus, 253
Physospermum, 479
Physostegia, 573
Physostigma, 352
Phytelephantaceae, 694
Phytelephas, 693, 695
Phytelepheae, 695
Phyteuma, 488
Phyteumateae, 488
Phytocrenaceae, 469
Phytocrene, 468, 469
Phytocreneae, 469
Phytolacca, 136
Phytolaccaceae, 129, 130, 131, 136, 137, 138, 140, 141, 143, 

157, 254
Phytolaccoideae, 136
Piaranthus, 522
Picardaea, 519
Picconia, 546

Pichonia, 211
Pickeringia, 352
Picnomon, 502
Picralima, 521
Picramnia, 372, 376
Picramniaceae, 372, 376
Picramnioideae, 376
Picrasma, 371, 376
Picria, 565
Picridaceae, 502
Picris, 503
Picrodendraceae, 285, 287
Picrodendron, 287
Picrolemma, 372, 376
Picrorhiza, 566
Pictetia, 352
Pieris, 193
Pierranthus, 565
Pierreodendron, 376
Pierrina, 203, 204
Pigafetta, 695
Pilea, 281
Pileanthus, 343
Pileostegia, 447
Pilidiostigma, 343
Piliostigma, 350
Pillansia, 658
Pillansieae, 658
Piloblephis, 573
Pilocarpaceae, 375
Pilocarpus, 375
Pilocosta, 340
Pilosocereus, 139
Pilosperma, 182
Pilostyles, 66, 67
Pilydraceae, 713
Pimelea, 261, 272
Pimelodendron, 288
Pimenta, 343
Pimpinella, 479
Pinacopodium, 401
Pinanga, 694, 695
Pinckneya, 519
Pineda, 226
Pinellia, 619
Pinguicula, 562, 563, 564, 571
Pinguiculaceae, 570
Pintoa, 391, 394
Pinzona, 168
Piper, 56, 57, 59
Piperaceae, 56, 57, 59
Piperales, 55
Piperales, 59
Piperanae, 55
Piperanthera, 59
Piptadenia, 351
Piptadeniastrum, 351
Piptadeniopsis, 351
Piptanthus, 352
Piptatherum, 744
Piptocalyx, 25
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Piptocarpha, 503
Piptoptera, 143
Piptospatha, 619
Piptostigma, 42
Pipturus, 281
Piranhea, 287
Piriadacus, 566
Pirinia, 141
Piriqueta, 228
Piriquetaceae, 228
Piscidia, 352
Pisonia, 137
Pisoniaceae, 137
Pisonieae, 137
Pisoniella, 137
Pistacia, 378
Pistacia, 374
Pistaciaceae, 378
Pistacioideae, 378
Pistia, 616, 619
Pistiaceae, 615, 734
Pistorinia, 305
Pisum, 353
Pitardia, 573
Pitavia, 375
Pitcair, 700
Pitcairnia, 699
Pitcairnieae, 700
Pitcairnioideae, 700
Pithecelloblum, 351
Pithecoctenium, 567
Pitraea, 571
Pittosporaceae, 315, 473, 477, 478
Pittosporeae, 473, 478
Pittosporopsis, 469
Pittosporum, 473, 477, 478
Pityopus, 191
Pityranthe, 268
Pityrodia, 572
Placea, 669
Placocarpa, 520
Placodiscus, 364
Placopoda, 519
Placospermeae, 72
Placospermum, 72
Plagianthaceae, 270
Plagianthus, 270
Plagiobothrys, 542
Plagiocarpus, 352
Plagiolirion, 669
Plagiopteraceae, 411, 412
Plagiopteron, 412
Plagiorhegma, 83
Plagiosiphon, 350
Plagiostachys, 707
Plagiostyles, 288
Plakothira, 447
Plakothira frutescens, 446
Planchonia, 202, 204
Planchonioideae, 204
Planera, 280

Planocarpa, 193
Planodes, 253
Plantaginaceae, 553, 568, 587
Plantago, 553, 568
Platanaceae, 70, 75
Platanales, 70
Platanthera, 649
Platanus, 70
Platea, 469
Plathymenia, 351
Platonia, 182
Platostoma, 573
Platyadenia, 567
Platycapnos, 96
Platycarioideae, 126
Platycarpum, 519
Platycarya, 123, 125, 126
Platycaulos, 739
Platycelyphium, 352
Platychorda, 739
Platycodon, 487, 488
Platycodoneae, 488
Platycraspedum, 253
Platycrater, 447
Platycyamus, 352
Platydesma, 375
Platygyne, 288
Platykeleba, 522
Platylobium, 352
Platylophus, 295
Platymiscium, 352
Platymitra, 42
Platypholis, 566
Platypodium, 352
Platypterocarpus, 412
Platysace, 479
Platysepalum, 352
Platyspermatiaceae, 497
Platyspermation, 496
Platyspermation, 496, 497
Platystemma, 567
Platystemon, 94, 95
Platystemonaceae, 95
Platystemonoideae, 95, 96
Platytheca, 231, 232
Platytinospora, 80
Pleconax, 142
Plectaneia, 521
Plecto, 695
Plectocomiopsis, 695
Plectrachne, 745
Plectranthastrum, 573
Plectranthus, 573
Plectritis, 462
Plectrocarpa, 394
Pleea, 597, 598
Pleiocarpa, 521
Pleioceras, 521
Pleiochiton, 340
Pleiocoryne, 519
Pleiogynium, 374
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Pleiokirkia, 370, 377
Pleiomeris, 215
Pleione, 649
Pleioneura, 141
Pleiosepalum, 319
Pleiospermium, 376
Pleiospilos, 138
Pleiostachya, 708
Pleithiandra, 340
Plenckia, 412
Pleodendron, 31
Pleogyne, 80
Pleonotoma, 566
Pleradenophora, 289
Plerandra, 473, 478
Plethadenia, 375
Plettkea, 141
Pleurantho, 707
Pleuranthodendron, 226
Pleuranthodes, 432
Pleuraphis, 745
Pleuricospora, 191
Pleuricosporeae, 191
Pleurisanthaceae, 469
Pleurisanthes, 469
Pleurocalyptus, 342
Pleuropetalum, 142
Pleurophora, 341
Pleuropterantha, 142
Pleurospermeae, 479
Pleurospermum, 479
Pleurostachys, 731
Pleurostelma, 522
Pleurostima, 685, 686
Pleurostylia, 411
Pleurothallis, 649
Pleurothyrium, 51
Plicosepalus, 422
Plinia, 343
Plinthanthesis, 744
Plinthus, 137
Plocama, 519
Plocosperma, 568
Plocospermataceae, 556, 568
Ploiarium, 180, 181, 182
Plowmania, 533
Plowmanianthus, 716
Pluchea, 503
Plukenetia, 288
Plukenetieae, 288
Plumbagella, 157
Plumbaginaceae, 129, 156, 157
Plumbaginales, 129, 154, 156, 158
Plumbaginoideae, 156, 157
Plumbago, 157
Plumeria, 521
Plumeriaceae, 521
Plumerieae, 521
Plumerioideae, 522
Plutarchia, 193
Poaceae, 694, 742

Poales, 735, 741, 742
Poales, 694, 739
Poanae, 694, 735
Poanae, 734
Poarium, 565
Podaceae, 689
Podadenia, 288
Podalyieae, 352
Podalyria, 352
Podandra, 522
Podandrogyne, 252
Podandrogyneae, 252
Podoaceae, 375, 378
Podocalyceae, 287
Podocalyx, 287
Podocarpium, 353
Podococceae, 695
Podococcus, 695
Podocytisus, 352
Podolasia, 618
Podolobium, 352
Podolotus, 353
Podoon, 378
Podophyllaceae, 82, 92, 94
Podophylloideae, 83
Podophyllum, 81, 82, 83
Podopterus, 155
Podorungia, 570
Podostemaceae, 1, 312
Podostemales, 311, 312
Podostemeae, 312
Podostemoideae, 312
Podostemum, 312
Podranea, 566
Poeae, 744
Poecilandra, 187
Poecilanthe, 352
Poecilocalyx, 518
Poeciloneuron, 182
Poellnitzia, 667
Poeppigia, 350
Poga, 297, 298
Poggea, 226
Pogogyne, 573
Pogonanthera, 340
Pogonia, 648
Pogoniopsis, 648
Pogonolobus, 518
Pogonophora, 287
Pogonophoreae, 287
Pogonopus, 519
Pogonorrhinum, 565
Pogonotium, 695
Pogostemeae, 573
Pogostemon, 573
Poikilacanthus, 570
Poikilogyne, 340
Poikilospermum, 279, 281
Poilannommia, 340
Poincianella, 351
Poiretia, 352
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Poissonia, 353
Poitea, 353
Polanlsia, 252
Polaskia, 140
Polemannia, 479
Polemanniopsis, 479
Polemoniaceae, 201
Polemoniales, 200
Polemonieae, 201
Polemonioideae, 201
Polemonium, 201
Polhillia, 352
Polianthes, 668
Poliomintha, 573
Poliothyrsidaceae, 226
Poliothyrsis, 224, 226
Pollia, 716
Pollichia, 141
Polpoda, 141
Polpodaceae, 141
Polulina, 570
Polyalthia, 42
Polyandra, 288
Polyandrococos, 695
Polyaster, 375
Polyaulax, 42
Polycardia, 411
Polycarena, 565
Polycarpaea, 141
Polycarpaeaceae, 141
Polycarpaeae, 141
Polycarpon, 141
Polycephalium, 469
Polyceratocarpus, 42
Polyclathra, 235
Polyclita, 193
Polycnemaceae, 142
Polycnemoideae, 142
Polycnemum, 142
Polyctenium, 253
Polygala, 356
Polygalaceae, 322, 357
Polygalales, 327, 356
Polygaleae, 357
Polygaloideae, 357
Polygonaceae, 129, 154, 155
Polygonales, 129, 154
Polygonanae, 154, 160
Polygonanthus, 297, 298
Polygonataceae, 677
Polygonateae, 677
Polygonatum, 677
Polygoneae, 155
Polygonella, 155
Polygonoideae, 155
Polygonum, 155
Polylepis, 320
Polylophium, 479
Polylychnis, 570
Polymeria, 534
Polyosma, 437, 440, 447

Polyosmaceae, 440
Polyosmeae, 440
Polypleurum, 313
Polypogon, 744
Polypompholyx, 571
Polyporandra, 469
Polypremaceae, 549, 564
Polypremum, 564
Polypsecadium, 253
Polyrhabda, 142
Polyscias, 473, 478
Polyspatha, 716
Polysphaeria, 519
Polyspora, 173
Polystachya, 649
Polystachyeae, 649
Polystemma, 522
Polystemonanthus, 350
Polytepalum, 141
Polytoca, 746
Polyxena, 668
Pomaderreae, 432
Pomaderris, 432
Pomaria, 351
Pomatosace, 215
Pomax, 519
Pometia, 364
Pommereschea, 707
Pommereulla, 745
Ponapea, 695
Poncirus, 376
Pongamia, 352
Pongamiopsis, 352
Pontederia, 714, 716
Pontederiaceae, 714, 716, 717, 735
Pontederieae, 716
Ponthieva, 649
Pooideae, 743
Popoviocodonia, 488
Popoviolimon, 157
Popowia, 42
Populus, 225, 226, 227
Porana, 534
Porandra, 716
Poranopsis, 534
Poranthera, 287
Porantheraceae, 286
Poraqueiba, 469
Porcelia, 42
Porlieria, 394
Porodittia, 564
Porophyllum, 503
Porospermum, 474, 478
Portea, 701
Porterandia, 519
Porterella, 489
Portlandia, 520
Portulaca, 138
Portulacaceae, 132, 138, 139, 140, 154, 156
Portulacaria, 139, 140
Portulacariaceae, 140
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Portulacarioideae, 140
Portulaceae, 138
Posadaea, 235
Posidonia, 611
Posidoniaceae, 609, 611
Poskea, 551, 568
Posoqueria, 519
Potalia, 520
Potaliaceae, 520
Potalieae, 520
Potameia, 51
Potamoganos, 567
Potamogeton, 609, 611
Potamogetonaceae, 609, 611, 612
Potamogetonales, 607
Potaninia, 320
Potaninieae, 320
Potarophytum, 724
Potentilla, 318, 320
Potentillaceae, 319
Potentilleae, 320
Potentilloideae, 320, 321
Poteranthera, 340
Poteriaceae, 319
Poterium, 320
Potheae, 618
Pothoaceae, 618
Pothoideae, 618
Pothoidium, 618
Pothomorphe, 59
Pothos, 618
Potoxylon, 51
Pottingeria, 411
Pottingeriaceae, 411
Pottingerioideae, 411
Pottsia, 521
Poulsenia, 281
Poupartia, 378
Poupartiopsis, 378
Pourouma, 281
Pouteria, 211
Pouzolzia, 281
Povedadaphne, 51
Pozoa, 479
Pradosia, 211, 212
Praecitrullus, 235
Prainea, 281
Pranceacanthus, 570
Prangos, 479
Praravinia, 518
Prasieae, 573
Prasium, 558, 573
Prasophyllum, 649
Pratia, 489
Pravinaria, 518
Premna, 571
Prenanthes, 503
Prenia, 137
Prepusa, 520
Preslia, 557, 573
Presliophytum, 446, 447

Prestoea, 695
Prestonia, 521
Pretrea, 568
Pretreeae, 568
Preussiella, 340
Preussiodora, 519
Priamosia, 226
Priestleya, 352
Primula, 215
Primulaceae, 212, 214, 215, 216
Primulales, 212, 213, 216
Primulanae, 208
Primuleae, 215
Primulina, 567
Primuloideae, 215
Principina, 731
Pringlea, 252
Pringleeae, 252
Pringleochloa, 745
Prinsepia, 321
Prinsepieae, 321
Prionanthium, 744
Prioniaceae, 731
Prionium, 729, 730, 731
Prionostemma, 412
Prionotaceae, 191
Prionoteae, 193
Prionotes, 190, 193
Prionotrichon, 253
Priori, 350
Prismatocarpeae, 488
Prismatocarpus, 488
Prismatometis, 518
Pristimera, 412
Pritchardia, 695
Pritchardiopsis, 695
Priva, 571
Priveae, 571
Proboscidea, 559, 568
Prochnyanthes, 668
Prockia, 226, 232
Prockiaceae, 226
Prockieae, 226, 232, 261
Prockiopsis, 226
Procris, 281
Proiphys, 669
Prometheum, 305
Pronaya, 478
Prosartes, 633
Proserpinaca, 300, 305
Prosopanche, 64
Prosopidastrum, 351
Prosopis, 351
Prospero, 668
Prostanthera, 557, 572
Prostanthereae, 572
Prostantheroideae, 572
Prosthecidiscus, 522
Protarum, 619
Protasparagus, 678
Protea, 72
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Proteaceae, 72, 75, 366
Proteales, 71
Proteanae, 70
Proteeae, 72
Proteoideae, 72
Protieae, 378
Protium, 378
Protocyrtandra, 567
Protolirion, 598
Protomegabaria, 287
Protoschwenckia, 533
Prunaceae, 319
Prunella, 573
Prunelleae, 573
Prunus, 321
Przewalskia, 533
Psammetes, 565
Psammisia, 193
Psammomoya, 409, 411
Psammophiliella, 141
Psammotropha, 141
Psathyrostachys, 744
Pseliaceae, 80
Pseudabutilon, 270
Pseudaechmea, 701
Pseudagrostistachys, 288
Pseudalepyrum, 739
Pseudalthenia, 612
Pseudananas, 701
Pseudanthaceae, 287
Pseudanthus, 287
Pseudarthria, 353
Pseudeminia, 352
Pseuderemostachys, 573
Pseuderucaria, 253
Pseudoanastatica, 253
Pseudoarabidopsis, 253
Pseudoartabotrys, 42
Pseudobaeckea, 444
Pseudobartsia, 566
Pseudoberlinia, 350
Pseudobetckea, 462
Pseudobombax, 270
Pseudobotrys, 469
Pseudobrsama, 377
Pseudocalyx, 569
Pseudocamelina, 253
Pseudocarapa, 377
Pseudocarpidium, 571
Pseudocaryopteris, 572
Pseudocatalpa, 566
Pseudocedrela, 378
Pseudochirita, 567
Pseudoclausia, 253
Pseudoconnarus, 359
Pseudocorchorus, 268
Pseudocyclanthera, 235
Pseudocydonia, 321
Pseudodicliptera, 570
Pseudodracontium, 619
Pseudodrimys, 31

Pseudoellipanthus, 359
Pseudoeriosema, 352
Pseudofortuynia, 253
Pseudofu-maria, 96
Pseudogaillonia, 519
Pseudogaltonia, 668
Pseudogomphrena, 142
Pseudohedyotis, 518
Pseu-dohydrosme, 618
Pseudolachnostylis, 287
Pseudolithos, 522
Pseudolmedia, 281
Pseudolotus, 353
Pseudoloxocarya, 739
Pseudolysimachion, 566
Pseudomacrolobium, 350
Pseudomantalania, 519
Pseudomarrubium, 573
Pseudomelasma, 566
Pseudomertensia, 542
Pseudomisopates, 565
Pseudomonnina, 357
Pseudomonotes, 261, 268
Pseudomonotoideae, 268
Pseudomuscari, 668
Pseudomussaenda, 519
Pseudonemacladus, 488
Pseudoosbeckia, 340
Pseudopanax, 478
Pseudoparis, 716
Pseudopentameris, 744
Pseudophoenicaceae, 694
Pseudophoenix, 695
Pseudopiptadenia, 351
Pseudoplantageae, 142
Pseudoplantago, 142
Pseudoprosopis, 351
Pseudoprospereae, 668
Pseudoprospero, 668
Pseudopyxis, 519
Pseudorhipsalis, 139
Pseudorobanche, 566
Pseudorontium, 565
Pseudoruellia, 570
Pseudosabicea, 519
Pseudosamanea, 351
Pseudosaponaria, 141
Pseudoscabiosa, 463
Pseudoschoenus, 731
Pseudosciadium, 478
Pseudoscolopia, 223, 226
Pseudosedum, 305
Pseudoselago, 565
Pseudosempervivum, 253
Pseudosenefeldera, 289
Pseudosericocoma, 142
Pseudosicydium, 235
Pseudosindora, 350
Pseudosmelia, 226
Pseudosmilax, 643, 644
Pseudosophora, 352
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Pseudosopubia, 566
Pseudostellaria, 141
Pseudostenomesson, 669
Pseudostifftia, 503
Pseudostriga, 566
Pseudotrillium, 629
Pseudotrimezia, 658
Pseudovanilla, 648
Pseudovesicaria, 253
Pseudovigna, 352
Pseudoweinmannia, 295
Pseudowintera, 30, 31
Pseudowolffi a, 619
Pseudoxandra, 42
Pseuduvaria, 42
Pseusmagennetus, 522
Psidium, 336, 343
Psiguria, 235
Psilanthele, 570
Psilanthus, 519
Psilocaulon, 137
Psilolemma, 745
Psilopeganum, 375
Psilotrichopsis, 142
Psilotrichum, 142
Psiloxylaceae, 342
Psiloxylea, 342
Psiloxyloideae, 342
Psiloxylon, 342
Psiloxylon, 328
Psittacanthaceae, 422
Psittacanthus, 422
Psophocarpus, 352
Psoralea, 353
Psoraleeae, 353
Psoralidium, 353
Psorospermum, 181, 182
Psorothamnus, 352
Psychine, 253
Psychotria, 518
Psychotriaceae, 518
Psychotrieae, 518
Psychrogeton, 503
Psydrax, 519
Psylliostachys, 156, 157
Psyllocarpus, 519
Ptaecoxanthus, 649
Ptaeroxylaceae, 370, 377
Ptaeroxylon, 370, 377
Ptelea, 375
Pteleaceae, 375
Pteleocarpa, 541
Pteleopsis, 339
Ptelidium, 412
Pteralyxia, 521
Pterandra, 404, 405
Pteranthus, 141
Pteridophyllaceae, 94, 96
Pteridophyllum, 94, 96
Pterisanthaceae, 316
Pterisanthes, 316

Pternandra, 340
Pterocactus, 139
Pterocarpus, 352
Pterocarya, 126
Pterocaulon, 503
Pteroceltis, 280
Pterocephalidium, 463
Pterocephalus, 463
Pterocissus, 316
Pterocymbium, 269
Pterodiscus, 568
Pterodon, 352
Pterogaillonia, 519
Pterogastra, 340
Pterogyne, 351
Pterolepis, 340
Pterolobium, 351
Pteromonnina, 357
Pteronia, 503
Pteropepon, 235
Pterorhachis, 377
Pterosicyos, 235
Pterospermum, 269
Pterospora, 191
Pterosporeae, 191
Pterostegia, 155
Pterostegieae, 155
Pterostemon, 306, 307
Pterostemonaceae, 304, 306, 307
Pterostylis, 649
Pterostyrax, 208, 209
Pterygiella, 566
Pterygiosperma, 253
Pterygocalyx, 520
Pterygota, 269
Ptilochaeta, 405
Ptilostemon, 502
Ptilothrix, 731
Ptilotus, 142
Ptychoc, 695
Ptycholobium, 352
Ptychopetalum, 421
Ptychopyxis, 288
Ptychosema, 352
Ptychosperma, 695
Ptychotis, 479
Ptyssiglottis, 570
Pucara, 669
Puccinellia, 744
Puccionia, 252
Puelia, 743
Puelieae, 743
Puelioideae, 743
Pueraria, 352
Pugionium, 253
Pulchranthus, 570
Pulicaria, 503
Pullea, 294, 295
Pulled, 294
Pulmonaria, 539, 542
Pulsatilla, 88
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Pultenaea, 352
Punica, 341
Punicaceae, 340
Punicoideae, 335, 341
Punjuba, 351
Puntia, 573
Pupalia, 142
Purdiaea, 189, 191
Purdieanthus, 520
Purpureostemon, 342
Purshia, 320, 321
Purshieae, 320
Puschkinia, 668
Pushkinia, 665
Putoria, 519
Putranjiva, 287
Putranjivaceae, 285, 287
Puya, 699, 700
Puyeae, 700
Pycnandra, 212
Pycnanthemum, 573
Pycnanthus, 46
Pycnarrhena, 80
Pycnobotrya, 521
Pycnocoma, 288
Pycnocomeae, 288
Pycnocomon, 463
Pycnocycia, 479
Pycnophylleae, 141
Pycnophyllopsis, 141
Pycnophyllum, 141
Pycnoplinthopsis, 253
Pycnoplinthus, 253
Pycnorhachis, 522
Pycnospatha, 618
Pycnosphaera, 520
Pycnospora, 353
Pycnostachys, 573
Pycnostelma, 522
Pycreus, 731
Pygeum, 321
Pygmaeopremna, 571
Pygmaeothamnus, 519
Pyracantha, 321
Pyraceae, 319
Pyramidanthe, 42
Pyramidium, 253
Pyramidoptera, 479
Pyramidoptereae, 479
Pyranthus, 352
Pyrenacantha, 469
Pyrenaria, 171, 173
Pyrgophyllum, 707
Pyroideae, 320, 321
Pyrola, 192
Pyrolaceae, 191
Pyrolirion, 669
Pyroloideae, 192, 193
Pyrorchis, 649
Pyrostegia, 566
Pyrostria, 519

Pyrrorhiza, 715, 716
Pyrularia, 422
Pyrus, 321
Pyxidanthera, 198, 199

Q
Qualea, 343
Quapoya, 182
Quaqua, 522
Quararibea, 270
Quassia, 376
Quassiaceae, 376
Quebrachia, 378
Queenslandiella, 731
Quercaceae, 117
Quercoideae, 117
Quercus, 117
Queria, 141
Quesnelia, 701
Quiabentia, 139
Quiina, 186, 187
Quiinaceae, 183, 186, 187
Quillaja, 321, 322
Quillajaceae, 319, 321, 322
Quillajoideae, 321
Quinchamalium, 422
Quincula, 533
Quintinia, 437, 440
Quiotania, 521
Quisqualis, 339
Quivisianthe, 377
Quivisianthoideae, 377
Quizeliantha, 253

R
Rabdosia, 573
Rabdosiella, 573
Rabiea, 138
Racinaea, 701
Radamaea, 566
Raddia, 743
Radermachera, 566
Radiata, 353
Radinosiphon, 658
Radiola, 398, 401
Radlkofera, 364
Radyera, 270
Raffenaldia, 253
Raffl esia, 67
Raffl esiaceae, 66, 67
Raffl esiales, 65
Raffl esianae, 65
Rafnia, 352
Rahowardiana, 533
Raimondia, 42
Rajania, 690, 691
Rajasia, 522
Ramirezella, 353
Ramisia, 137
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Ramona, 573
Ramonda, 552, 567
Ramondaceae, 567
Ramorinoa, 352
Ramosmania, 519
Ranalisma, 606
Randicaceae, 518
Randonia, 247, 254
Ranopisoa, 565
Ranunculaceae, 86, 98
Ranunculales, 85, 91, 94, 129, 366
Ranunculanae, 77, 92, 94
Ranunculeae, 88
Ranunculidae, 69, 98, 129
Ranunculoideae, 88
Ranunculus, 86, 88
Ranzania, 82
Ranzaniaceae, 82, 83
Rapanea, 215
Raparia, 254
Rapatea, 724
Rapateaceae, 700, 720, 721, 724, 727
Rapateoideae, 721, 724
Raphanaceae, 252
Raphanorhyncha, 252
Raphanus, 253
Raphia, 695
Raphidiocystis, 235
Raphiocarpus, 567
Raphiostylis, 469
Raphistemma, 522
Rapistrum, 253
Rapona, 534
Raputia, 375
Raritebe, 519
Raspalia, 444
Rathbunia, 140
Rauhia, 669
Rauia, 375
Raukaua, 478
Rauvolfi a, 521, 522
Rauvolfi oideae, 521
Rauwenhoffi , 42
Ravenala, 702, 703, 706, 707
Ravenaleae, 706
Ravenea, 695
Ravenia, 375
Ravensara, 52
Rawsonia, 226
Rayania, 223
Razisea, 570
Readea, 518
Reaumuria, 159
Reaumuriaceae, 159
Reaumurieae, 158, 159
Reboudia, 253
Rebutia, 140
Recchia, 373, 376, 377
Recordia, 571
Recordoxylon, 351
Redowskia, 253

Reedia, 731
Reevesia, 269
Regelia, 342
Rehdera, 571
Rehderodendron, 209
Rehmannia, 566
Rehmanniae, 566
Reichardia, 503
Reicheella, 141
Reichenbachia, 137
Reineckea, 677
Reinhardtia, 695
Reinhardtieae, 695
Reinwardtia, 401
Reinwardtiodendron, 377
Reissantia, 412
Reissekia, 432
Relbunium, 519
Reldia, 567
Relhania, 503
Remijia, 519
Remirea, 731
Remirema, 534
Remusatia, 619
Renanthera, 649
Renealmia, 707
Renellia, 518
Renggeria, 182
Renschia, 572
Requienia, 352
Resales, 442
Reseda, 254
Resedaceae, 246, 247, 254, 255
Resedales, 246
Resedeae, 254
Resia, 567
Resnova, 668
Restella, 272
Restio, 736, 739
Restionaceae, 736, 737, 738, 739, 742
Restionales, 736, 739, 742
Restrepia, 649
Retama, 352
Retanilla, 432
Retiniphylleae, 519
Retiniphyllum, 519
Retispatha, 695
Retzia, 550, 565
Retziaceae, 564
Retzioideae, 565
Reussia, 714, 716
Reutealis, 288
Reverchonia, 287
Reyemia, 565
Reyesia, 530, 533
Reynoldia, 473
Reynoldsia, 478
Reynosia, 430, 432
Reynoutria, 155
Rhabdadenia, 521
Rhabdocaulon, 573
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Rhabdodendraceae, 130, 131, 136
Rhabdodendron, 136
Rhabdophyllum, 187
Rhabdosciadium, 479
Rhabdothamnopsis, 567
Rhabdothamnus, 567
Rhabdotosperma, 565
Rhadamanthopsis, 668
Rhadamanthus, 668
Rhadinothmnus, 375
Rhagadiolus, 503
Rhagodia, 143
Rhammatophyllum, 253
Rhamnaceae, 430, 432, 433, 476
Rhamnales, 315, 433
Rhamnales, 429
Rhamnanae, 429
Rhamneae, 432
Rhamnella, 432
Rhamnidium, 432
Rhamnoneuron, 271
Rhamnus, 432
Rhamphicarpa, 566
Rhaphidophora, 618
Rhaphidophyton, 143
Rhaphiodon, 573
Rhaphiolepis, 321
Rhaphionacme, 522
Rhaphispermum, 566
Rhaphithamnus, 571
Rhapidophyllum, 695
Rhapis, 695
Rhaptonema, 80
Rhaptopetalaceae, 203
Rhaptopetaloideae, 204
Rhaptopetalum, 203, 204
Rheome, 658
Rheum, 154, 155
Rhexia, 340
Rhexiaceae, 339
Rhexieae, 340
Rhigiocarya, 80
Rhigiophyllum, 487, 488
Rhigospira, 521
Rhigozum, 566
Rhinacanthus, 570
Rhinanthaceae, 565
Rhinantheae, 566
Rhinanthus, 566
Rhinephyllum, 138
Rhinopetalum, 634
Rhipidantha, 518
Rhipsalideae, 140
Rhipsalis, 140
Rhizanthella, 649
Rhizanthes, 67
Rhizobotrya, 253
Rhizophora, 400, 401
Rhizophoraceae, 397, 400, 401, 402
Rhizophorea, 397
Rhizophoreae, 400, 401

Rhoaceae, 378
Rhodamnia, 343
Rhodiola, 302, 305
Rhodiolaceae, 305
Rhodocactus, 139
Rhodochiton, 565
Rhodocodon, 668
Rhodocolea, 567
Rhodocoma, 739
Rhododendraceae, 191, 192
Rhododendreae, 192
Rhododendroideae, 192
Rhododendron, 188, 192
Rhododon, 573
Rhodog, 270
Rhodognaphalopsis, 270
Rhodohypoxis, 648
Rhodolaena, 268
Rhodolaenaceae, 268
Rhodoleia, 109
Rhodoleiaceae, 109
Rhodoleioideae, 109
Rhodomyrtus, 343
Rhodophiala, 669
Rhodopis, 352
Rhodoraceae, 191, 200
Rhodosphatha, 618
Rhodostemonodaphne, 51
Rhodothamnus, 192
Rhodothyrsus, 289
Rhodotypaceae, 319
Rhodotypeae, 320
Rhodotypos, 320
Rhodotypos, 318, 319
Rhoeae, 378
Rhoiacarpos, 422
Rhoicissus, 315, 316
Rhoideae, 378
Rhoiptelea, 123, 124, 126
Rhoipteleaceae, 125, 126
Rhombochlamys, 570
Rhombophyllum, 138
Rhoogeton, 567
Rhopalephora, 716
Rhopaloblaste, 695
Rhopalocarpaceae, 270
Rhopalocarpus, 265, 270
Rhopalocnemis, 427
Rhopalopilia, 421
Rhopalostylis, 695
Rhuacophila, 667
Rhus, 374, 378
Rhynchanthera, 340
Rhynchanthus, 707
Rhyncharrhena, 522
Rhynchocalycaceae, 328, 329, 338, 339
Rhynchocalyx, 338
Rhynchocladium, 731
Rhynchocorys, 566
Rhynchoglossum, 567
Rhyncholacis, 312
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Rhynchophora, 405
Rhynchophoreae, 405
Rhynchosia, 352
Rhynchosida, 270
Rhynchosinapis, 253
Rhynchospora, 731
Rhynchostigma, 522
Rhynchotechum, 567
Rhynchotheca, 386, 389
Rhynchothecoideae, 385, 388
Rhynchotropis, 352
Rhysotoechia, 364
Rhyssolobium, 522
Rhyssopteris, 405
Rhyssostelma, 522
Rhyticaryum, 469
Rhytidanthera, 183, 185, 187
Rhytidocaulon, 522
Rhytidosporum, 478
Rianthus, 340
Ribes, 306
Ribesiaceae, 306
Richardia, 519
Richea, 193
Richeeae, 193
Richella, 42
Richeria, 287
Richeriella, 287
Ricinaceae, 287
Ricinocarpaceae, 287
Ricinocarpeae, 288
Ricinocarpos, 288
Ricinodendreae, 288
Ricinodendron, 288
Ricinus, 286, 288
Ricotia, 253
Ridleyandra, 567
Riedelia, 707
Riedelieae, 707
Riedeliella, 352
Rigidella, 658
Rigiostachyeae, 376
Rigiostachys, 376
Rindera, 542
Rinorea, 222, 227
Rinoreae, 227
Rinoreocarpus, 227
Rinzia, 343
Riocreuxia, 522
Riodocea, 519
Ripogonaceae, 642, 643, 644
Ripogonum, 642, 643
Ristantia, 342
Ritchiea, 252
Ritonia, 570
Rivea, 532, 534
Rivina, 136
Rivinaceae, 136
Rivineae, 136, 137
Rivinioideae, 136
Robbrechtia, 519

Robeschia, 253
Robinia, 349, 353
Robiniaceae, 350
Robinieae, 353
Robinsiophyton, 352
Robinsonella, 270
Robinsonia, 503
Roborowskia, 96
Rochea, 305
Rochefortia, 541
Rochelia, 542
Rochelieae, 542
Rockinghamia, 288
Rodgersia, 300, 303, 306
Roella, 488
Roemeria, 95
Roentgenia, 567
Roepera, 394
Rogeria, 568
Rogersonanthus, 520
Roggeveldia, 658
Rogiera, 520
Rohdea, 677
Rohrbachia, 735
Roigella, 520
Rojasia, 522
Rojasimalva, 270
Rollandia, 489
Rollinia, 42
Rolliniopsis, 42
Rollinsia, 252
Romanoa, 288
Romanschulzia, 252
Romanzoffi a, 541
Romeroa, 566
Romnalda, 728
Romneya, 94, 95
Romnneyeae, 95
Romulea, 658
Romyrtus, 342
Rondeletia, 520
Rondeletieae, 518, 520
Rondonanthus, 723, 724
Ronnbergia, 701
Roridula, 207
Roridulaceae, 207
Roridulales, 207
Rorippa, 253
Rorippiella, 253
Rosa, 320
Rosaceae, 298, 318, 319, 322, 325
Rosaeeae, 319
Rosaceous, 321
Rosales, 298, 324, 325, 350, 436
Rosanae, 293, 350, 358, 407
Roscheria, 695
Roscoea, 707
Rosenbergiodendron, 519
Rosidae, 101, 293, 294, 300, 329
Rosifax, 142
Rosmarineae, 573
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Rosmarinus, 573
Rosoideae, 320, 321
Rostkovia, 730, 731
Rostrinucula, 573
Rosularia, 305
Rotala, 335, 340, 341
Rotheca, 572
Rothia, 352
Rothmannia, 519
Rottboellia, 746
Rotula, 541
Roucheria, 401
Roupala, 73
Rourea, 359
Roureopsis, 359
Roussea, 484, 485
Rousseaceae, 484, 485
Rousseales, 484
Rousselia, 281
Roxburghiaceae, 688
Roycea, 143
Royena, 209
Roylea, 573
Roystonea, 695
Roystoneae, 695
Ruagea, 377
Rubia, 519
Rubiaceae, 516, 518, 520, 568
Rubiales, 520, 529, 546, 564
Rubiales, 511
Rubieae, 519
Rubioideae, 516, 518, 520
Rubiteucris, 572
Ruboideae, 320, 321
Rubovietnamia, 519
Rubus, 320
Rudbeckia, 503
Rudgea, 518
Ruellia, 570
Ruellieae, 570
Ruelliospis, 570
Rufodorsia, 567
Ruizia, 269
Ruizodendrom, 42
Ruizterania, 343
Rulingia, 269
Rumex, 155
Rumicaceae, 155
Rumicastrum, 138
Rumicieae, 155
Rumicola, 649
Rungia, 570
Rupertia, 353
Rupicapnos, 96
Rupicola, 193
Ruppia, 611
Ruppiaceae, 610, 611
Ruprechtia, 154, 155
Ruptiliocarpon, 408, 411
Rusbya, 193
Ruscaceae, 674, 677

Ruschia, 138
Ruschiae, 138
Ruschianthemum, 138
Ruschianthus, 138
Ruschioideae, 137
Ruscus, 676, 677
Ruspolia, 570
Russelia, 565
Russelieae, 565
Rustia, 519
Ruta, 375
Rutaceae, 368, 369, 375, 376, 395
Rutales, 368, 376, 383, 395, 397
Rutanae, 358
Ruteae, 375, 376
Ruthalicia, 235
Ruthiella, 489
Rutidea, 519
Rutoideae, 375
Ruttya, 570
Ruyschia, 178
Ryania, 226
Rylstonea, 343
Ryparosa, 226, 284
Rytidocarpus, 253
Rytidophyllum, 567
Rytidosperma, 744
Rytidostylis, 235
Rytigynia, 519

S
Saba, 521
Sabal, 695
Sabalaceae, 694
Sabaleae, 695
Sabatia, 520
Sabaudiella, 534
Sabia, 366
Sabiaceae, 366
Sabiales, 366
Sabicea, 519
Sabiceaceae, 518
sabiceeae, 519
Sabinea, 353
Sabioideae, 366
Saccellium, 542
Saccharaceae, 742
Saccharum, 746
Saccifoliaceae, 520
Saccifolieae, 520
Saccifolium, 514, 515, 520
Sacciolepis, 746
Saccocalyx, 573
Sacleuxia, 521
Sacoglottis, 401
Sadiria, 215
Sagaceae, 694
Sageraea, 42
Sageretia, 432
Sagina, 141
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Saginaceae, 694
Sagittaria, 606
Sagoneaceae, 541
Sagotia, 288
Saharanthus, 157
Saintpaulia, 567
Saintpauliopsis, 569
Sairocarpus, 565
Sakoanala, 352
Salacca, 695
Salacia, 412
Salaciaceae, 411
Salacieae, 412
Salacighia, 412
Salaxidaceae, 191
Salazaria, 572
Salazariaceae, 571
Saldinia, 518
Salicaceae, 226, 227
Salicornia, 143
Salicorniaceae, 142
Salicornieae, 143
Salicornioideae, 143
Salix, 225, 226, 227
Salomonia, 356, 357
Salpianthus, 137
Salpichroa, 533
Salpiglossidaceae, 533
Salpiglossis, 530, 533
Salpiglossoideae, 533
Salpinctes, 521
Salpinga, 340
Salpixantha, 570
Salsola, 143
Salsolaceae, 142
Salsoleae, 143
Salsoloideae, 143
Saltera, 339
Saltia, 142
Salvadora, 249, 255
Salvadoraceae, 249, 254, 255
Salvertia, 343
Salvia, 558, 573
Salviaceae, 571
Salvieae, 573
Salweenia, 352
Salzmannia, 520
Samadera, 376
Samaipaticereus, 140
Samanea, 351
Sambucaceae, 461, 462
Sambucus, 461, 462
Sameraria, 253
Samolaceae, 215
Samoleae, 215
Samolus, 213, 215
Sampantaea, 288
Samuelssonia, 570
Samyda, 226
Samydaceae, 226, 284
Samydeae, 226

Sanango, 568
Sanblasia, 708
Sanchezia, 570
Sanctambrosia, 134, 141
Sandbergia, 253
Sandemania, 340
Sandersonia, 633
Sandoriceae, 377
Sandoricum, 377
Sandwithia, 288
Sanguinaria, 95
Sanguis, 319
Sanguisorba, 318, 320
Sanguisorbeae, 320
Sanguisorboideae, 321
Sanicula, 479
Saniculeae, 474, 479
Saniculiphyllum, 306
Saniculoideae, 479
Saniella, 648
Sankowskia, 287
Sansevieria, 675, 677
Sansevieriaceae, 677
Santalaceae, 416, 419, 422
Santalales, 416, 427
Santalanae, 416
Santaleae, 422
Santalum, 419, 422
Santiria, 378
Santisukia, 566
Santolina, 503
Santolinaceae, 502
Santomasia, 182
Sapindaceae, 360, 361, 362, 363, 364, 366
Sapindales, 358, 360, 361, 366, 367, 368
Sapindeae, 364
Sapindoideae, 364
Sapindus, 364
Sapium, 288
Saponaria, 141
Sapotaceae, 211, 212, 213
Sapotales, 211, 213
Sapphoa, 570
Sapranthus, 42
Sapria, 67
Saprosma, 519
Saraca, 350
Saracha, 533
Saranthe, 708
Sararanga, 680
Sarawakodendroideae, 412
Sarawakodendron, 412
Sarcandra, 25, 26
Sarcaulus, 211
Sarcobataceae, 131, 136
Sarcobatus, 136
Sarcocaceae, 136
Sarcocapnos, 96
Sarcocaulon, 386, 388
Sarcocephalus, 520
Sarcochlamys, 281
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Sarcococca, 114, 115
Sarcococceae, 115
Sarcocornia, 143
Sarcodes, 191
Sarcodraba, 253
Sarcodum, 352
Sarcolaena, 268
Sarcolaenaceae, 262, 268, 269
Sarcolobus, 522
Sarcolophium, 80
Sarcomelicope, 375
Sarcomphalus, 432
Sarcopera, 178
Sarcopetalum, 80
Sarcophrynium, 708
Sarcophytaceae, 427
Sarcophyte, 427
Sarcophytoideae, 427
Sarcopilea, 281
Sarcopoterium, 320
Sarcopyramis, 340
Sarcorhachis, 59
Sarcorhiza, 521
Sarcosperma, 211, 520
Sarcospermataceae, 211
Sarcostemma, 522
Sarcostigma, 469
Sarcostigmataceae, 469
Sarcostigmateae, 469
Sarcotheca, 359
Sarcozona, 138
Sarcozygium, 394
Sargentodoxa, 78
Sargentodoxoideae, 78
Saritaea, 567
Sarmienta, 567
Saropsis, 739
Sarothamnus, 352
Sarracenia, 206
Sarraceniaceae, 206, 207
Sarraceniales, 206
Sartidia, 744
Sartoria, 353
Saruma, 58, 59, 589
Sarumeae, 59
Sassafras, 49, 51, 52
Satakentia, 695
Satanocrater, 570
Satranala, 695
Sattadia, 522
Satureieae, 573
Satureja, 573
Satyria, 193
Satyrium, 649
Saugetia, 745
Saurauia, 189, 190
Saurauioideae, 190
Sauromatum, 619
Sauropus, 287
Saururaceae, 55, 56, 57
Saururus, 56, 57, 59

Saussurea, 502
Sautiera, 570
Sauvagesia, 183, 185, 187
Sauvagesiaceae, 185, 186, 187
Sauvagesioideae, 186
Sauvallea, 716
Sauvallella, 353
Savannosiphon, 658
Savia, 286
Savignya, 253
Saxicolella, 313
Saxicolla, 313
Saxifraga, 300, 304, 306
Saxifragaceae, 300, 304–307, 436, 442
Saxifragales, 298, 300, 306, 307, 312, 318, 324, 329, 442
Saxifragella, 306
Saxifragodes, 306
Saxifragoideae, 307
Saxifragopsis, 306
Saxofridericia, 724
Saxofridericioideae, 724
Saxofriedericioideae, 721
Sayauxia, 219
Scabiosa, 460, 463
Scabiosaceae, 463
Scabiosiopsis, 463
Scadoxus, 664, 669
Scaevola, 499, 501
Scaevolaceae, 501
Scagea, 287
Scaligeria, 479
Scambopus, 253
Scandentia, 519
Scandiceae, 479
Scandix, 479
Scaphiophora, 637
Scaphispatha, 619
Scaphium, 269
Scaphocalyx, 226
Scaphochlamys, 707
Scaphopetalum, 269
Scapicephalus, 542
Scariola, 503
Sceletium, 137
Scepaceae, 286
Schaefferia, 412
Schaffnerella, 745
Schaueria, 570
Schefferomitra, 42
Scheffl era, 473, 478
Scheffl ereae, 478
Scheffl erodendron, 352
Scheffl eropsis, 478
Schelhammera, 633
Schellenbergia, 359
Scheuchzeria, 595
Scheuchzeria, 611
Scheuchzeriaceae, 607, 608, 611
Schickendantzia, 641
Schickendantziella, 669
Schiedea, 141
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Schiekia, 716
Schima, 173
Schimpera, 253
Schinaceae, 378
Schindleria, 136
Schinopsis, 378
Schinus, 378
Schinziella, 520
Schinziophyton, 288
Schippia, 695
Schisandra, 23
Schisandraceae, 21, 23, 25
Schismatoclada, 518
Schismatoglottideae, 619
Schismatoglottidoideae, 618
Schismatoglottis, 619
Schismocarpus, 447
Schismus, 744
Schistocarpaea, 432
Schistocaryum, 542
Schistogyen, 522
Schistonema, 522
Schistophragma, 565
Schistostemon, 401
Schivereckia, 253
Schizanthoideae, 533
Schizanthus, 530, 534
Schizeilema, 479
Schizenterospermum, 519
Schizobasis, 668
Schizoboea, 567
Schizocarpum, 235
Schizocarpus, 668
Schizocodon, 199
Schizoglossum, 522
Schizolaena, 268
Schizolobium, 351
Schizomeria, 294, 295
Schizomussaenda, 519
Schizonepeta, 573
Schizopepon, 234, 235
Schizopeponeae, 235
Schizopetalaceae, 252
Schizopetaleae, 254
Schizopetalon, 254
Schizophragma, 447
Schizosepala, 565
Schizostemma, 522
Schizostigma, 519
Schizostylis, 658
Schizotorenia, 565
Schizozygia, 521
Schlechtendalia, 502
Schlechteranthus, 138
Schlechterella, 521
Schlechteria, 253
Schlechterina, 228
Schlegelia, 565
Schlegeliaceae, 565
Schlegelieae, 565
Schleichera, 364

Schleichereae, 364
Schleinitzia, 351
Schlumbergera, 140
Schmardaea, 378
Schmidtottia, 520
Schnabelia, 572
Schoeneae, 731
Schoenobiblus, 271
Schoenocaulon, 627
Schoenocephalium, 724
Schoenocrambe, 253
Schoenolaena, 479
Schoenolirion, 665, 668
Schoenoplectus, 731
Schoenoxiphium, 731
Schoenus, 731
Schoepfi a, 416
Schoepfi aceae, 286
Schoepfi aceae, 421
Schoepfi oideae, 421
Scholleropsis, 713, 716
Scholtzia, 343
Schotia, 350
Schoutenia, 268
Schouwia, 253
Schradera, 518
Schradereae, 518
Schraderia, 573
Schrankia, 351
Schrebera, 546
Schreberaceae, 546
Schrebereae, 546
Schreiteria, 138
Schrenkia, 479
Schubertia, 522
Schultesia, 520
Schultesianthus, 533
Schultesiophytum, 682
Schumacheria, 168
Schumannianthus, 708
Schumanniophyton, 519
Schuurmansia, 187
Schuurmansiella, 187
Schwackaea, 340
Schwalbea, 566
Schwantesia, 138
Schwartzia, 178
Schweiggeria, 227
Schweinfurthia, 565
Schwenckia, 533
Schwenckieae, 533
Schwendera, 519
Sciadodendron, 478
Sciadotenia, 80
Sciaphila, 683
Sciaphileae, 683
Scilla, 668
Scillaceae, 667
Scindapsus, 618
Scirpaceae, 731
Scirpeae, 731
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Scirpodendron, 731
Scirpoides, 731
Scirpus, 731
Sclerachne, 746
Scleranthaceae, 141
Sclerantheae, 141
Scleranthopsis, 141
Scleranthus, 141
Scleria, 731
Sclerieae, 731
Sclerioideae, 731
Scleroblitum, 143
Sclerocactus, 140
Sclerocarya, 378
Sclerocephalus, 141
Sclerochiton, 570
Sclerocroton, 289
Sclerolaena, 143
Sclerolaeneae, 143
Sclerolinon, 401
Sclerolobium, 351
Scleromitrion, 519
Scleronema, 270
Sclerophylacaceae, 532, 534
Sclerophylax, 534
Scleropyrum, 422
Sclerosperma, 695
Sclerospermeae, 695
Sclerostegia, 143
Sclerotheca, 489
Scoliaxon, 253
Scoliopaceae, 630, 631, 634
Scoliopus, 634
Scolophyllum, 565
Scolopia, 226
Scolopieae, 226, 261
Scolosanthus, 520
Scolymus, 503
Scoparia, 565
Scopelogena, 138
Scopolia, 533
Scopulophila, 141
Scorodocarpus, 421
Scorodophloeus, 350
Scorpiothyrsus, 340
Scorpiurus, 353
Scorzonera, 503
Scottellia, 226
Scrofella, 566
Scrophularia, 565
Scrophulariaceae, 546, 551, 564, 565, 566, 567, 568, 569, 

570, 587
Scrophulariales, 442, 546
Scrophulariceae, 571
Scrophularieae, 567, 568
Scrophularioideae, 565, 569
Scrotochloa, 743
Scurulla, 422
Scutellaria, 558, 572
Scutellariaceae, 571
Scutellarioideae, 572

Scutia, 432
Scutinanthe, 378
Scybaliaceae, 427
Scybalioideae, 427
Scybalium, 427
Scyphanthus, 447
Scyphiphora, 519
Scyphocephalium, 46
Scyphochlamya, 519
Scyphogyne, 190
Scyphostegia, 227
Scyphostegiaceae, 223, 227
Scyphostelma, 522
Scyphostrychnos, 517
Scyphosyce, 281
Scytopetalaceae, 202, 203
Scytopetaloideae, 204
Scytopetalum, 204
Sebaea, 520
Sebastiania, 288
Sebastiano-Schaueria, 570
Secale, 744
Secamone, 522
Secamoneae, 522
Secamonoideae, 522
Secamonopsis, 522
Sechiopsis, 235
Sechium, 235
Secondatia, 521
Securidaca, 357
Securigera, 353
Securinega, 287
Sedaceae, 305
Seddera, 534
Sedeae, 305
Sedella, 305
Sedoideae, 305
Sedum, 303, 305
Seemannaralia, 474
Seetzenia, 391, 392, 394
Seetzenieae, 394
Seguieria, 136
Seguieriaceae, 136
Seguierieae, 136
Seidelia, 288
Selaginaceae, 565
Selagineae, 550, 568
Selago, 565
Seldlitzia, 143
Selenia, 253
Selenicereus, 139
Selenipedium, 648
Selinocarpus, 137
Selliera, 499, 501
Sellocharis, 352
Selysia, 235
Semaphyllanthe, 519
Semecarpeae, 378
Semecarpus, 378
Semele, 676, 677
Semelocardium, 178
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Semialarium, 412
Semiaquilegia, 87
Semibegoniella, 236
Semiliquidambar, 109
Semiramisia, 193
Sempervivaceae, 305
Semperviveae, 305
Sempervivoideae, 305
Sempervivum, 305
Senaea, 520
Senecionaceae, 502
Senecioneae, 503
Senefeldera, 289
Senefelderopsis, 289
Senna, 351
Senra, 270
Senyumia, 567
Sepikaea, 567
Septotheca, 270
Septulina, 422
Serenoa, 695
Sergia, 488
Serianthes, 351
Sericanthe, 519
Sericocoma, 142
Sericocomopsis, 142
Sericodeae, 394
Sericodes, 392, 394
Sericolea, 232
Sericorema, 142
Sericostachys, 142
Sericostoma, 542
Seringia, 269
Serissa, 519
Serjania, 362, 364
Serratula, 502
Serratulaceae, 502
Serruria, 72
Sesameae, 568
Sesamoides, 247, 254
Sesamothamnus, 568
Sesamum, 568
Sesbania, 353
Sesbanieae, 353
Seseli, 479
Seshagiria, 522
Sessea, 533
Sesseopsis, 533
Sessilanthera, 658
Sesuviaceae, 137, 141
Sesuvioideae, 137
Sesuvium, 137
Setaria, 746
Setchellanthaceae, 251, 255
Setchellanthus, 255
Seutera, 522
Sevada, 143
Severinia, 376
Seychellaria, 683
Seymeria, 566
Seymeriopsis, 566

Seyrigia, 235
Sgeocarpeae, 141
Shaniodendron, 109
Shepherdia, 430, 431, 432
Sherardia, 519
Sherbournia, 519
Shibateranthis, 87
Shirakiopsis, 289
Shiuyinghua, 565
Shorea, 268
Shoreae, 268
Shortia, 199
Shuteria, 352
Siamanthus, 707
Siamosia, 142
Sibangea, 287
Sibara, 253
Sibaropsis, 253
Sibbaldia, 320
Sibbaldianthe, 320
Sibiraea, 319
Sibthorpia, 566
Sibthorpiaceae, 565
Sibthorpieae, 566
Sicana, 235
Sicrea, 267
Sicydium, 235
Sicyeae, 235
Sicyocodon, 488
Sicyos, 235
Sicyosperma, 235
Sida, 270
Sidalcea, 270
Sidasodes, 270
Sidastrum, 270
Siderasis, 716
Sidereae, 342
Sideritis, 573
Sideroxyleae, 211
Sideroxylon, 211
Siegfriedia, 432
Sieversandreas, 566
Sieversia, 320
Sigesbeckia, 503
Silenaceae, 141
Silene, 142
Sileneae, 142
Silicularia, 254
Siliquamomum, 707
Silphium, 503
Silvianthus, 552
Silvianthus, 568
Silviella, 566
Silybum, 500, 502
Simaba, 371, 376
Simabaceae, 376
Simarouba, 371, 376
Simaroubaceae, 368, 372, 376, 377, 383
Simethis, 667
Simicratea, 412
Simira, 519
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Simirestis, 412
Simmondsia, 142
Simmondsiaceae, 135, 142
Simsia, 503
Sinadoxa, 461, 462
Sinapidendron, 253
Sinapis, 253
Sindechites, 521
Sindora, 350
Sindoropsis, 350
Sinia, 187
Sinningia, 552, 567
Sinningieae, 567
Sinoadina, 520
Sinobacopa, 565
Sinobaijiania, 235
Sinocalycanthus, 51
Sinocrassula, 305
Sinodolichos, 352
Sinofranchetia, 78
Sinofranchetieae, 78
Sinojackia, 209
Sinojohnstonia, 542
Sinomenium, 80
Sinopodophyllum, 81, 83
Sinorchis, 648
Sinosophiopsis, 253
Sinowilsonia, 108, 109
Siolmatra, 235
Sipanea, 519
Sipaneeae, 519
Sipaneopsis, 519
Sipapoantha, 520
Siparuna, 48, 51
Siparunaceae, 48, 51
Siphanthera, 340
Siphocampylus, 489
Siphocodon, 487, 488
Siphocodoneae, 488
Siphocranion, 573
Siphokentia, 695
Siphonandra, 193
Siphonanthaceae, 571
Siphonella, 462
Siphoneugenia, 343
Siphonochiloideae, 707
Siphonochilus, 707
Siphonodon, 409, 412
Siphonodontaceae, 411
Siphonodontoideae, 412
Siphonostegia, 566
Siraitia, 235
Sisymbrella, 253
Sisymbriaceae, 252
Sisymbrieae, 253
Sisymbriopsis, 253
Sisymbrium, 253
Sisyndite, 392, 394
Sisynditeae, 394
Sisyranthus, 522
Sisyrhinchium, 653, 657, 658

Sisyrinchieae, 658
Sixalix, 463
Skapanthus, 573
Skiatophytum, 138
Skimmia, 375
Skytanthus, 521
Sladenia, 173
Sladeniaceae, 171, 173
Slandiella, 731
Sleumerodendron, 73
Sloanea, 232
Sloaneae, 232
Slum, 479
Smeathmannia, 221, 228
Smeathmanniaceae, 227
Smelowskia, 253
Smicrostigma, 138
Smilacaceae, 643, 644
Smilacales, 642
Smilacina, 677
Smilax, 644
Smirnowia, 353
Smithatris, 707
Smithia, 352
Smithiantha, 567
Smyrniaceae, 479
Smyrnieae, 479
Smyrniopsis, 479
Smyrnium, 479
Smythea, 432
Sobolewskia, 253
Sobralia, 649
Socotria, 341
Socratea, 695
Socratina, 422
Soderstroimia, 745
Soemmeringia, 352
Sogerianthe, 422
Solanaceae, 531, 533, 534
Solanales, 529, 539
Solandra, 533
Solandreae, 533
Solaneae, 533
Solanoideae, 533
Solanum, 530, 533
Solaria, 669
Soldanella, 213, 214, 215
Soleirolla, 281
Solena, 235
Solenanthus, 542
Solenomelus, 658
Solenophora, 567
Solenopsis, 489
Solenostemma, 522
Solenostemon, 573
Solfi a, 695
Solidago, 503
Soliva, 503
Sollya, 478
Solmsia, 266, 271
Solmsieae, 271
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Solmslaubachia, 253
Solonia, 215
Sommera, 519
Sommieria, 695
Sonchus, 503
Sonderothamnus, 339
Sonerila, 340
Sonerileae, 340
Sonneratia, 341
Sonneratiaceae, 340
Sonneratioideae, 341
Sophiopsis, 253
Sophora, 352
Sophoraceae, 350
Sophoreae, 351, 352, 353
Sophronanthe, 565
Sopubia, 566
Soramiaceae, 168
Sorbaceae, 319
Sorbaria, 319
Sorbarieae, 319, 321
Sorbus, 321
Sorghastrum, 746
Sorghum, 746
Soridium, 683
Sorindela, 378
Sorocea, 281
Sorocephalus, 72
Soroseris, 503
Soulamea, 372, 376
Soulameaceae, 376
Souliea, 87
Souroubea, 178
Sowerbaea, 663, 667
Soyauxia, 221, 225, 227
Soymida, 378
Spachea, 404, 405
Spananthe, 479
Spanizium, 141
Sparattanthelium, 51
Sparattosperma, 566
Sparattosyce, 281
Sparaxis, 658
Sparganiaceae, 734, 735
Sparganium, 734, 735
Sparmannia, 268
Sparmanniaceae, 267
Sparmannieae, 268
Spartidium, 352
Spartina, 742, 745
Spartinaceae, 742
Spartium, 352
Spartothamnella, 572
Spatalla, 72
Spathacanthus, 570
Spathandra, 339
Spathantheum, 618
Spathanthus, 724
Spathelia, 375
Spatheliaceae, 375
Spathelioideae, 375

Spathia, 746
Spathicalyx, 567
Spathicarpa, 618
Spathicarpeae, 618
Spathionema, 352
Spathiostemon, 288
Spathiphyllum, 618
Spathodea, 554, 566
Spatholirion, 716
Spatholobus, 352
Speea, 669
Spegazziniophytum, 288
Speirantha, 677
Spelaeanthus, 567
Spenceria, 320
Speranskia, 288
Spergula, 141
Spergulaceae, 141
Spergularia, 141
Sperguleae, 141
Spermacoce, 515, 519
Spermacoceae, 519
Spermadictyon, 519
Sphacanthus, 570
Sphacele, 573
Sphaeradenia, 682
Sphaerantia, 342
Sphaerocardamum, 253
Sphaerocaryum, 745
Sphaerocodon, 522
Sphaerocoma, 141
Sphaerocyperus, 731
Sphaerolobium, 352
Sphaerophysa, 353
Sphaerosacme, 377
Sphaerosepalaceae, 265, 270
Sphaerostylis, 288
Sphaerothylax, 313
Sphallerocarpus, 479
Sphalmioideae, 72
Sphalmium, 72
Sphedam, 405
Sphenandra, 565
Sphenocentrum, 80
Sphenoclea, 487
Sphenocleaceae, 486, 487
Sphenodesme, 571
Sphenostemon, 470
Sphenostemonaceae, 469, 470
Sphenostigma, 658
Sphenostylis, 352
Sphenotoma, 193
Sphinctacanthus, 570
Sphinctanthus, 519
Sphinctospermum, 353
Sphinga, 351
Sphoenocephaleae, 724
Sphyranthera, 288
Sphyranthereae, 288
Sphyrospermum, 193
Spiculaea, 649
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Spielmannia, 569
Spielmanniaceae, 569
Spigelia, 518
Spigelia, 514
Spigeliaceae, 514, 518, 520
Spigelieae, 518
Spiloxene, 648
Spinacia, 143
Spinaciaceae, 142
Spingiphila, 566
Spinifex, 746
Spiradiclis, 518
Spiraea, 319
Spiraeaceae, 319
Spiraeanthemaceae, 295
Spiraeanthemum, 294, 296
Spiraeanthus, 319
Spiraeeae, 319
Spiraeoideae, 318, 319, 321
Spiraeopsis, 295
Spiranthera, 375
Spiranthes, 649
Spirella, 522
Spirodela, 619
Spirogardnera, 422
Spirolobium, 521
Spiropetalum, 359
Spirorhynchus, 253
Spirostachys, 288
Spirostegia, 566
Spirostigma, 570
Spirotecoma, 566
Spirotheca, 270
Spirotropis, 352
Spondiaceae, 378
Spondianthus, 287
Spondias, 378
Spondieae, 378
Spondioideae, 378
Spongiocarpella, 353
Spongiosperma, 521
Sporadanthus, 739
Sporobolus, 742, 745
Sporoxeia, 340
Spraeanthemum, 295
Spraguea, 138
Spragueanella, 422
Sprekelia, 669
Sprengelia, 193
Spryginia, 253
Spyridium, 432
Squamellaria, 518
Sredinskya, 215
Staavia, 444
Staberoha, 739
Stachyandra, 287
Stachyanthus, 467, 469
Stachyarrhena, 519
Stachydeoma, 573
Stachyopsis, 573
Stachyothyrsus, 351

Stachyphrynium, 708
Stachys, 573
Stachystemon, 287
Stachystemonoideae, 287
Stachytarpheta, 571
Stachyuraceae, 171, 173, 226
Stachyurus, 173, 457
Stackhousia, 412
Stackhousiaceae, 410, 412
Stackhousioideae, 412
Stadiochilus, 707
Staelia, 519
Stahlia, 351
Stahlianthus, 707
Staintoniella, 253
Stanfi eldiella, 716
Stanfordia, 252
Stangea, 462
Stanhopea, 649
Stanleya, 252
Stanleyaceae, 252
Stapeliaceae, 521
Stapelianthus, 522
Stapeliopsis, 522
Stapella, 522
Stapfi ella, 228
Staphylea, 361, 363
Staphyleaceae, 361, 363, 364
Stathmostelma, 522
Staticaceae, 157
Staticoideae, 156, 157
Staudtia, 46
Stauntonia, 78
Stauntonieae, 78
Stauracanthus, 352
Stauranthera, 567
Stauranthus, 375
Staurogyne, 569
Staurophragma, 565
Stawellia, 667
Stayneria, 138
Steganotaenia, 479
Steganthera, 50
Stegnosperma, 138
Stegnospermataceae, 130, 132, 138
Stegolepis, 724
Steirachne, 745
Stelechantha, 518
Stelechocarpus, 42
Steleostemma, 522
Stelestylis, 682
Stelis, 649
Stellaria, 135, 141
Stellariaceae, 141
Stellarioides, 668
Stellera, 272
Stelleropsis, 272
Stellularia, 566
Stelmacrypton, 521
Stelmagonum, 522
Stelmation, 522
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Stelmatocodon, 522
Stemmacantha, 502
Stemmadenia, 521
Stemodia, 565
Stemodieae, 565
Stemodiopsis, 565
Stemona, 688
Stemonaceae, 685, 688, 689
Stemonales, 687, 690
Stemonocoleus, 350
Stemonoporus, 268
Stemonuraceae, 469
Stemonurus, 469
Stemotria, 552, 564
Stenachaenium, 503
Stenandrium, 570
Stenanona, 42
Stenanthemum, 432
Stenanthium, 627
Stenocactus, 140
Stenocarpus, 72
Stenocereus, 140
Stenochilus, 569
Stenodon, 340
Stenodraba, 253
Stenodrepanum, 351
Stenogonum, 155
Stenogyne, 558, 573
Stenomeria, 522
Stenomeridaceae, 690, 691
Stenomeris, 690, 691
Stenomesseae, 669
Stenomesson, 669
Stenopetaleae, 254
Stenopetalum, 254
Stenosiphon, 342
Stenosiphonium, 570
Stenosolen, 521
Stenosolenium, 542
Stenospermation, 618
Stenostelma, 522
Stenostephanus, 570
Stenotaenia, 479
Stenotalis, 739
Stenothyrsus, 570
Stephanandra, 319
Stephania, 80
Stephanocaryum, 542
Stephanocereus, 139
Stephanococcus, 520
Stephanodaphne, 271
Stephanomeria, 503
Stephanopodium, 327
Stephanostegia, 521
Stephanostema, 521
Stephanotis, 522
Steptorhamphus, 503
Sterculia, 269
Sterculiaceae, 264, 269, 284
Sterculieae, 269
Sterculioideae, 269, 270

Stereocaryum, 343
Stereosandra, 649
Stereospermum, 566
Sterigmapetalum, 401
Sterigmostemum, 253
Steriphoma, 252
Steris, 142
Sternbergia, 669
Stetsonia, 140
Steudnera, 619
Stevenia, 253
Stevensia, 520
Stevia, 503
Stewartia, 172, 173
Stewartieae, 173
Steyerbromelia, 700
Steyermarkochloa, 746
Steyermarkochloeae, 746
Stichoneuron, 688
Stictocardia, 534
Stifftia, 502
Stifftieae, 502
Stigmaphyllon, 404, 405
Stigmatodactylus, 649
Stigmatorhynchus, 522
Stilaginaceae, 286
Stilbaceae, 550, 564
Stilbanthus, 142
Stilbe, 564
Stilbocarpa, 474, 479
Stilboideae, 564
Stillingia, 288
Stilobasieae, 376
Stilpnophyllum, 519
Stimpsonia, 215
Stipa, 744
Stipaceae, 742
Stipagrostis, 744
Stipeae, 744
Stipecoma, 521
Stiptanthus, 573
Stipularia, 519
Stipulicida, 141
Stirlingia, 72
Stirtonanthus, 352
Stixeae, 252
Stixis, 252
Stizolobium, 352
Stizolophus, 502
Stizophyllum, 566
Stocksia, 364
Stockwellia, 343
Stokesia, 503
Stomatium, 138
Stomatocalyceae, 288
Stomatostemma, 521
Stonesia, 313
Stonesiella, 352
Storckiella, 351
Stracheya, 353
Stranges, 72
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Stranvaesia, 321
Strasburgeria, 186
Strasburgeriaceae, 183, 184, 186
Stratiotaceae, 603
Stratiotes, 603
Straussiella, 253
Streblacanthus, 570
Streblorrhiza, 353
Streblosa, 518
Streblus, 281
Strelitzia, 703, 706, 735
Strelitziaceae, 702, 703, 706, 707
Strelitzieae, 706
Strempeliopsis, 521
Strephonema, 331, 332, 339
Strephonematoideae, 339
Streptantella, 253
Streptanthella, 252
Streptanthus, 252
Streptocalyx, 701
Streptocarpus, 567
Streptocaulon, 521
Streptochaeta, 742
Streptochaetaceae, 742
Streptochaeteae, 742
Streptoglossa, 503
Streptolirion, 716
Streptoloma, 253
Streptomanes, 521
Streptopeae, 630, 633
Streptopetalum, 228
Streptopus, 633
Streptosiphon, 570
Streptosolen, 533
Streptothamnus, 218
Striga, 566
Strigosella, 253
Strobilacanthus, 570
Strobilanthes, 570
Strobilanthopsis, 570
Strobilopsis, 565
Stroeberia, 138
Stroganowia, 253
Stromanthe, 708
Strombocactus, 140
Strombosia, 417, 421
Strombosiaceae, 421
Strombosiopsis, 421
Strongylodon, 352
Strophanthus, 521
Strophioblachia, 288
Strophostyles, 353
Strumaria, 669
Strumariaceae, 669
Struthanthus, 422
Struthiola, 272
Strychnaceae, 514, 517, 522
Strychnopsis, 80
Strychnos, 511, 517
Stryphnodendron, 351
Stubendorffi a, 253

Stuckertia, 522
Stuhlmannia, 351
Stussenia, 340
Stylapterus, 339
Stylidiaceae, 492, 493, 494
Stylidiales, 492
Stylidieae, 494
Stylidium, 493, 494
Stylisma, 534
Stylobasium, 368, 373, 376, 377
Styloceras, 113, 114, 115
Stylocereae, 115
Stylochaeton, 618
Stylochaetoneae, 618
Stylodon, 571
Stylogyne, 215
Stylomecon, 95
Stylophorum, 95
Stylosanthes, 352
Stypandra, 661, 667
Styphelia, 193
Styphe-liaceae, 191
Styphelieae, 193
Styphelioideae, 188, 190, 192
Styphnolobium, 352
Styracaceae, 199, 208, 209
Styracales, 199, 208, 211
Styrax, 208, 209
Suaeda, 143
Suaedeae, 143
Suberanthus, 520
Subularia, 254
Succisa, 460, 463
Succisella, 463
Succowia, 253
Suchtelena, 542
Suckleya, 143
Suessenguthia, 570
Suessenguthiella, 141
Sukinia, 519
Suksdorfi a, 306
Sulaimania, 573
Sulitia, 519
Sulla, 353
Sullivantia, 306
Sumatroscirpus, 731
Sumbaviopsis, 288
Suphesia, 138
Suregada, 288
Suriana, 373, 376
Surianaceae, 373, 376
Surianeae, 376
Sutera, 565
Sutherlandia, 353
Suzukia, 573
Svensonia, 571
Svitramia, 340
Swainsona, 353
Swartzia, 351
Swartziaceae, 350
Swartzieae, 351, 353
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Sweetia, 352
Swertia, 520
Swida, 451, 453
Swietenia, 378
Swieteniaceae, 377
Swietenieae, 378
Swietenioideae, 377
Swinglea, 376
Swintonia, 378
Syagrus, 695
Sycopsis, 108, 109
Sylvichadsia, 352
Symbegonia, 235, 236
Symbolanthus, 520
Symmeria, 155
Symonanthus, 530, 534
Sympegma, 143
Sympetalandra, 351
Symphionema, 72
Symphionematoideae, 72
Symphonia, 182
Symphorema, 571
Symphoremataceae, 555, 571
Symphoricarpos, 462
Symphostemon, 573
Symphyandra, 488
Symphyllia, 288
Symphyllophyton, 520
Symphyochlamys, 270
Symphyopappus, 503
Symphysia, 193
Symphytum, 542
Symplocaceae, 208, 209
Symplocarpeae, 618
Symplocarpus, 616, 618
Symplococarpon, 173
Symplocos, 209
Synadenium, 289
Synandra, 573
Synandrina, 226
Synandrodaphne, 271
Synandrodaphneae, 271
Synandrospadix, 618
Synaphea, 71, 72
Synapsis, 565
Synaptantha, 519
Synaptolepis, 271
Synaptophyllum, 137
Synardisia, 215
Syncarpia, 343
Syncarpieae, 343
Synclisia, 80
Syncolostemon, 573
Syndiclis, 51
Syndyophyllum, 288
Synechanthaceae, 694
Synechanthus, 695
Syngenetiaceae, 502
Syngonanthus, 722, 723, 724
Syngonium, 619
Synoum, 377

Synsepalum, 212
Synsndropus, 80
Synstemon, 253
Synthlipsis, 253, 254
Synthyris, 566
Syntriandrium, 80
Sypharissa, 668
Syrenia, 253
Syrenopsis, 253
Syringa, 545, 546
Syringaceae, 546
Syringantha, 520
Syringodea, 658
Syringodium, 610, 612
Syrmatium, 353
Syrrheonema, 80
Systellantha, 215
Systemonodaphne, 51
Systenotheca, 155
Syzygieae, 342
Syzygium, 337, 342
Szovitsia, 479

T
Tabebuia, 566
Tabernaemontana, 521, 522
Tabernaemontaneae, 521
Tabernanthe, 521
Tacarcuna, 287
Tacarcuneae, 287
Tacazze, 522
Tacca, 690, 691
Taccaceae, 689, 690, 691
Taccarum, 618
Tachia, 520
Tachiadenus, 520
Tachigali, 351
Tachydium, 573
Tacinga, 139
Tacitus, 305
Tadehagi, 353
Taeniophyllum, 649
Tagetes, 503
Tahitia, 268
Taihangia, 320
Takhtajaneae, 31
Takhtajania, 30, 31
Takhtajaniaceae, 31
Takhtajaniella, 253
Talauma, 35, 36
Talbotia, 685, 686
Talbotiella, 350
Talguenea, 432
Talinaceae, 138
Talinaria, 138
Talineae, 138
Talinella, 138
Talinopsis, 138
Talinum, 138
Talipariti, 270
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Talma, 364
Taltalia, 641
Tamaceae, 691
Tamaricaceae, 158, 159
Tamaricales, 158
Tamariceae, 159
Tamarindaceae, 350
Tamarindus, 350
Tamarix, 158, 159
Tambourissa, 47
Tambourissa, 50
Tamijia, 707
Tamijioideae, 707
Tamilnadia, 519
Tammsia, 519
Tamnaceae, 691
Tamonea, 571
Tamus, 691
Tanacetaceae, 502
Tanacetum, 503
Tanaecium, 567
Tanakaea, 303, 306
Tangtsima, 648
Tannodia, 288
Tanquana, 138
Tapeinia, 658
Tapeinochilos, 702, 708
Tapeinochilus, 707
Tapeinosperma, 215
Tapeinostemon, 520
Taphrospermum, 253
Tapinanthus, 422
Tapirira, 378
Tapirocarpus, 378
Tapiscia, 361, 363
Tapisciaceae, 362, 363
Tapoides, 288
Tapura, 326, 327
Tara, 351
Taraktogenos, 226
Taralea, 352
Tarasa, 270
Taraxacum, 503
Taraxis, 739
Tarchonantheae, 502
Tarchonanthus, 502
Tarennoidea, 519
Tarrena, 519
Tarrietia, 269
Tarrietieae, 269
Tasmanneae, 31
Tasmannia, 30, 31
Tassadia, 522
Tateanthus, 340
Tauscheria, 253
Tauschia, 479
Tavaresia, 522
Taverniera, 353
Taxillus, 422
Teclea, 375
Tecna, 567

Tecoma, 553, 566
Tecomanthe, 566
Tecomeae, 566
Tecomella, 566
Tecophilaea, 655, 657
Tecophilaeaceae, 655, 656, 657
Tecophileales, 678
Tecticornia, 143
Tectiphiala, 695
Tectona, 571
Tectoneae, 571
Tecunumania, 235
Tedingea, 669
Teedia, 565
Teedieae, 565
Teesdalia, 254
Teesdaliopsis, 254
Tegicornia, 143
Tejsmanniodendreae, 571
Tejsmanniodendron, 571
Telectadium, 521
Telekia, 503
Telephiaceae, 141
Telephieae, 141
Telephium, 134
Telephium, 141
Telesonix, 306
Telfairia, 235
Teline, 352
Telitoxicum, 80
Tellima, 304, 306
Telminostelma, 522
Telopea, 72
Telosiphonia, 521
Telosma, 522
Teloxys, 143
Temnadenia, 521
Temnopteryx, 519
Temon, 342
Templetonia, 352
Tenaris, 522
Tengia, 567
Tenicroa, 668
Tennantia, 519
Tephrosia, 352
Tepualia, 342
Tepuia, 193
Tepuianthaceae, 265, 271
Tepuianthus, 265, 271
Teramnus, 352
Terebinthaceae, 378, 476
Terminalia, 331, 332, 339
Terminaliaceae, 339
Terminaliopsis, 339
Ternstroemia, 173
Ternstroemiaceae, 171, 173
Ternstroemieae, 173
Tersonia, 247, 254
Tesmophora, 564
Tessarandra, 545, 546
Tessmannia, 350



862 Index

Tessmanniacanthus, 570
Tessmannianthus, 340
Testudinaria, 691
Testulea, 187
Tetilla, 387, 388, 389
Tetraberlinia, 350
Tetracarpaea, 304
Tetracarpaeaceae, 300, 302, 304
Tetracentraceae, 103, 104, 105
Tetracentron, 103, 104
Tetraceroideae, 168
Tetrachaete, 745
Tetrachne, 745
Tetrachondra, 564
Tetrachondraceae, 549, 564
Tetraclea, 572
Tetraclis, 209
Tetracme, 253
Tetracmidion, 253
Tetracoccus, 287
Tetractomia, 375
Tetradenia, 573
Tetradiclidaceae, 391, 393, 395
Tetradiclidoideae, 395
Tetradiclis, 395
Tetradium, 375
Tetradoxa, 461, 462
Tetradyas, 422
Tetradymia, 503
Tetraena, 391, 392, 394
Tetraenoideae, 394
Tetragastris, 378
Tetraglochin, 320
Tetragonia, 137
Tetragoniaceae, 137
Tetragonioideae, 137
Tetragonolobus, 353
Tetralix, 268
Tetralocularia, 534
Tetramelaceae, 235, 236
Tetrameles, 235, 236
Tetramerantheae, 42
Tetrameranthus, 42
Tetramerista, 177, 178
Tetrameristaceae, 173, 175, 177, 178
Tetramerium, 570
Tetranema, 565
Tetrapanax, 478
Tetrapathaea, 228
Tetrapetalum, 42
Tetraphyllum, 567
Tetraphysa, 522
Tetraplandra, 289
Tetraplasandra, 474, 478
Tetrapleura, 351
Tetrapogon, 745
Tetrapollinia, 520
Tetrapteris, 405
Tetrapterocarpon, 351
Tetrardisia, 215
Tetraria, 731

Tetraselago, 565
Tetrasida, 270
Tetraspidium, 566
Tetrastigma, 315, 316
Tetrastylidiaceae, 421
Tetrastylidium, 421
Tetrasynandra, 50
Tetrataxis, 341
Tetratheca, 232
Tetrathecaceae, 232
Tetrathylacium, 226
Tetrathyrium, 109
Tetraulacium, 565
Tetrazygia, 340
Tetreacera, 168
Tetroncium, 608, 611
Tetrorchidium, 288
Teucridium, 572
Teucrieae, 572
Teucrium, 572
Teyleria, 352
Thacla, 87
Thailentadopsis, 351
Thalassia, 601, 603
Thalassiaceae, 603
Thalassioideae, 603
Thalassodendron, 612
Thaleropia, 342
Thalia, 706, 708
Thalictraceae, 86
Thalictreae, 86, 87
Thalictroideae, 87, 88
Thalictrum, 85, 87
Thamnea, 444
Thamnocharis, 567
Thamnochortus, 739
Thamnosma, 375
Thapsia, 479
Thaumasianthes, 422
Thaumato, 708
Thawatchaia, 313
Thea, 173
Theaceae, 170, 172, 173, 181, 191
Theales, 170, 173, 180, 191, 203, 206, 220, 226
Thecacoris, 287
Thecocarpus, 479
Thecorchis, 519
Theeae, 173
Theilera, 488
Theineae, 169
Thelephieae, 305
Thelethylax, 313
Theligonaceae, 517
Theligonum, 520
Thelionema, 667
Thellungiella, 253
Thelocactus, 140
Thelymitra, 649
Thelypodieae, 252, 254
Thelypodiopsis, 252
Thelypodium, 252
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Themeda, 746
Themidaceae, 660, 666, 668
Themis, 668
Themistoclesia, 193
Themum, 724
Thenardia, 521
Theobroma, 269
Theobromataceae, 269
Theobromeae, 269
Theodoravia, 487
Theophrastaceae, 213, 214, 215, 216
Theophrastaceae, 212
Thereianthus, 658
Theriophonum, 619
Thermopsideae, 352
Thermopsis, 352
Theropogon, 677
Therorhodion, 192
Thesiaceae, 422
Thesidium, 422
Thesieae, 422
Thesium, 419, 422
Thespesia, 270
Thevenotia, 502
Thevetia, 521
Thibaudia, 193
Thilachlum, 252
Thiloa, 339
Thinicola, 352
Thinouia, 364
Thismia, 636, 637
Thismiaceae, 636, 637
Thladiantha, 235
Thlaspeocarpa, 253
Thlaspi, 254
Thlaspiaceae, 252
Thomandersiaceae, 569
Thomasia, 269
Thompsonella, 305
Thomsonieae, 619
Thonningia, 428
Thophoenix, 695
Thoracocarpus, 682
Thorncroftia, 573
Thornea, 182
Thottea, 58, 59, 60
Thouinia, 362, 364
Thouinidium, 364
Thouinieae, 364
Threlkeldia, 143
Thrinax, 695
Thryallis, 405
Thryptomene, 343
Thsochloa, 745
Thunbergia, 561, 569
Thunbergiaceae, 569
Thunbergianthus, 566
Thunbergieae, 569
Thunbergioideae, 569, 570
Thuranthos, 668
Thurneraceae, 729

Thurnia, 731
Thurniaceae, 730, 731
Thurniaceae, 724
Thurya, 141
Thuspeinantha, 573
Thylacanthus, 350
Thylacodraba, 253
Thylacospermum, 141
Thymbra, 573
Thymelaea, 271
Thymelaeaceae, 266, 271, 272
Thymelaeoideae, 271
Thymus, 573
Thyridocalyx, 519
Thyrocarpus, 542
Thyrsanthemum, 716
Thyrsanthera, 288
Thyrsosalacia, 412
Thysanocarpus, 253
Thysanolaena, 745
Thysanolaeneae, 745
Thysanostemon, 182
Thysanostigma, 570
Thysanotus, 667
Tianschaniella, 542
Tiarella, 304, 306
Tibetia, 353
Tibouchina, 340
Tibouchinopsis, 340
Ticodendraceae, 120
Ticodendron, 119, 120
Ticorea, 375
Tidestromia, 142
Tieghem, 427
Tieghemella, 211
Tienmuia, 566
Tigrideae, 658
Tigridia, 658
Tilia, 267, 268
Tiliaceae, 226, 232, 262, 267, 268, 269, 272, 278, 279, 432
Tiliacora, 80
Tilieae, 268
Tilioideae, 267
Tillaea, 305
Tillaeaceae, 305
Tillandsia, 699, 701
Tillandsiaceae, 700
Tillandsieae, 701
Tillandsioideae, 700
Timonius, 520
Tina, 364
Tinantia, 716
Tinguarra, 479
Tinnea, 572
Tinomisclum, 80
Tinospora, 80
Tinosporeae, 80
Tintinnabularia, 521
Tipuana, 352
Tiquilia, 541
Tirania, 252
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Tirpitzia, 398, 401
Tisonia, 226
Titanopsis, 138
Titanotrichum, 566
Tithymalaceae, 287
Tittmannia, 444
Tobagoa, 519
Tochloa, 708
Tococa, 340
Tocoyena, 519
Toddalia, 375
Toddalieae, 375
Toddalioideae, 375
Toddaliopsis, 375
Tofi eldia, 598
Tofi eldia, 595, 596, 597, 598
Tofi eldiaceae, 598
Tolmiea, 303, 304, 306
Tolpis, 503
Tolypanthus, 422
Tomanthera, 566
Tonduzia, 521
Tonella, 565
Tonina, 724
Tontelea, 412
Toona, 378
Topobea, 340
Tordylieae, 479
Tordylium, 479
Torenia, 565
Toricellia, 477
Toricelliaceae, 476, 477
Torilis, 479
Tormentillaceae, 319
Toronia, 72
Torulinum, 731
Touchardia, 281
Toulicia, 364
Tournefortia, 540, 542
Tournonia, 139
Touroulia, 187
Touroulla, 186
Tourretia, 553
Tourrettia, 554, 567
Tourrettieae, 567
Toussaintia, 42
Tovaria, 255
Tovariaceae, 245, 246, 248, 255
Tovomita, 182
Tovomitidium, 182
Tovomitopsis, 182
Toxicodendron, 378
Toxicoscordion, 627
Toxocarpus, 522
Tozzia, 566
Trachelanthus, 542
Trachelium, 488
Trachelospermum, 521
Trachomitum, 521
Trachyandra, 667
Trachycalymma, 522

Trachycarpus, 694, 695
Trachydium, 479
Trachymene, 478, 479
Trachyphrynium, 708
Trachypogon, 746
Trachyspermum, 479
Trachystemon, 542
Trachystigma, 567
Trachystoma, 253
Trachystylis, 731
Tractema, 668
Tradescantia, 716
Tradescantiaceae, 715
Tradescantieae, 716
Traganopsis, 143
Traganum, 143
Tragia, 288
Tragiaceae, 287
Tragiella, 288
Tragiola, 565
Tragopogon, 503
Tragus, 745
Trailliaedoxa, 520
Trapa, 342
Trapaceae, 332, 338, 341
Trapella, 569
Trapellaceae, 560, 569
Trattinnickia, 374, 378
Traubia, 669
Trautvetteria, 88
Trautvetterieae, 88
Treculia, 281
Treichelia, 488
Trema, 280
Tremacron, 567
Tremandra, 231, 232
Tremandraceae, 232
Tremandreae, 231, 232
Tremastelma, 463
Trematolobelia, 489
Trematosperma, 469
Trembleya, 340
Tremulina, 739
Tresanthera, 516, 519
Treutlera, 522
Trevesia, 478
Trevoa, 432
Trewia, 288
Trewiaceae, 287
Triadenum, 182
Triadica, 289
Triadodaphne, 51
Triaenophora, 566
Triainolepis, 518
Trianaea, 533
Trianaeopiper, 59
Trianoptiles, 731
Trianthema, 137
Tribelaceae, 438, 441
Tribeles, 441
Tribolium, 744
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Tribonanthes, 714, 717
Tribulaceae, 393
Tribulocarpus, 137
Tribuloideae, 392, 394, 395
Tribulopis, 394
Tribulus, 394
Tricalistra, 677
Tricalustra, 675
Tricalysia, 519
Tricardia, 541
Tricarpelema, 716
Triceratella, 716
Triceratelleae, 716
Trichadenia, 226
Trichantha, 567
Trichanthera, 570
Trichaulax, 570
Trichilia, 371
Trichilla, 377
Trichlora, 669
Trichloris, 745
Tricho, 689
Trichocalyx, 570
Trichocephalus, 432
Trichocereeae, 139
Trichocereus, 140
Trichochiton, 253
Trichocladus, 109
Trichodesma, 542
Trichodiadema, 138
Trichogonia, 503
Tricholepis, 502
Trichoneura, 745
Trichopetalum, 667
Trichophorum, 731
Trichopodaceae, 689, 690, 691
Trichopus, 689, 690, 691
Trichosacme, 522
Trichosanchezia, 570
Trichosandra, 522
Trichosantheae, 235
Trichosanthes, 235
Trichoschoenus, 731
Trichoscypha, 378
Trichospermeae, 432
Trichospermum, 268
Trichostachys, 518
Trichostema, 572
Trichostephanus, 226
Trichostigma, 136
Trichotaenia, 565
Trichotolinum, 253
Trichuriella, 142
Tricliceras, 228
Triclisia, 80
Tricomaria, 405
Tricomarieae, 405
Tricoryne, 663, 667
Tricostularia, 731
Tricyclandra, 235
Tricyrtidaceae, 630, 633

Tricyrtidoideae, 634
Tricyrtis, 634
Tridactylina, 503
Tridax, 503
Tridens, 745
Tridentea, 522
Tridesmostemon, 212
Tridimeris, 42
Tridynamia, 534
Trieenea, 565
Trientalis, 216
Trifi , 353
Trifolieae, 353
Trifolium, 353
Triglochin, 608, 611
Triglochinaceae, 611
Trigonella, 353
Trigonia, 325, 326, 327
Trigoniaceae, 326, 327
Trigoniastrum, 325, 326, 327
Trigoniodendron, 327
Trigonobalanoideae, 117
Trigonobalanus, 117
Trigonocapnos, 96
Trigonocaryum, 542
Trigonopleura, 287
Trigonostemon, 288
Trigonostemoneae, 288
Trigonotideae, 542
Trigonotis, 540, 542
Triguera, 533
Trigynaea, 42
Trilepidea, 422
Trilepideae, 731
Trilepis, 731
Trilepislum, 281
Trilliaceae, 629, 634
Trilliales, 628
Trillidium, 629
Trillium, 628, 629
Trilobachne, 746
Trimenia, 25
Trimeniaceae, 25, 26
Trimeniales, 24
Trimeria, 226
Trimeris, 489
Trimezia, 658
Trinia, 479
Triodanis, 488
Triodia, 745
Triolena, 340
Triomma, 378
Triosteum, 459, 462
Triostomeae, 462
Tripetaleia, 192
Triphasia, 376
Triphyophyllum, 161, 162, 163, 164
Triphysaria, 566
Tripladenia, 633
Triplarideae, 155
Triplarina, 343
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Triplaris, 154, 155
Triplobaceae, 269
Triplochiton, 269
Triplochitonaceae, 269
Triplochitoneae, 269
Triplostegia, 462
Triplostegiaceae, 460, 462, 463
Tripodanthus, 422
Tripodion, 353
Tripogandra, 716
Tripogon, 745
Tripora, 572
Tripsacum, 746
Tripteris, 503
Tripterocalyx, 137
Tripterococcus, 412
Tripterospermum, 520
Tripterygium, 409, 412
Tripterygoideae, 412
Trischidium, 351
Trisepalum, 567
Trisetum, 744
Tristagma, 669
Tristania, 342
Tristanieae, 342
Tristaniopsis, 342
Tristemma, 340
Tristemonanthus, 412
Tristerix, 422
Tristicha, 312
Tristichaceae, 312
Tristichoideae, 312
Triteleia, 666
Triteleiopsis, 668
Trithecanthera, 422
Trithrinax, 695
Trithuria, 724
Trithuria, 723
Triticaceae, 742
Triticeae, 744
Triticum, 744
Tritonia, 658
Tritoniopsis, 658
Triumfetta, 268
Triumfetteae, 268
Triumpheteae, 432
Triunia, 72
Triuridaceae, 683
Triuridales, 683
Triurideae, 683
Triuridopsis, 683
Triuris, 683
Trivalvaria, 42
Trixis, 502
Trochetia, 269
Trochiscus, 253
Trochocarpa, 193
Trochodendraceae, 103, 104
Trochodendrales, 101, 102, 103, 105, 107, 108
Trochodendranae, 102, 107
Trochodendron, 103, 104

Trochomeria, 235
Trochomeriopsis, 235
Trollieae, 87
Trollioideae, 87
Trollius, 85, 87
Tromotriche, 522
Tropaeastrum, 240
Tropaeolaceae, 239, 240
Tropaeolales, 240
Tropaeolum, 240
Trophis, 281
Tropidocarpum, 253
Tropis, 353
Truellum, 155
Trukia, 519
Trymalium, 432
Trymatococcus, 281
Tryphostemma, 228
Tryssophyton, 340
Tsebona, 212
Tsoongia, 571
Tsoongiodendron, 35, 36
Tsusiophyllum, 192
Tuberaria, 271
Tubocapsicum, 533
Tuerckheimocharis, 565
Tulasneantha, 313
Tulbaghia, 666, 669
Tulbaghiaceae, 669
Tulbaghioideae, 669
Tulipa, 630, 634
Tulipaceae, 634
Tulipeae, 634
Tumamoca, 235
Tupeia, 422
Tupidanthus, 474, 478
Tupistra, 675, 677
Tupistraceae, 677
Turanga, 225
Turbina, 534
Turgenia, 479
Turnera, 228
Turneraceae, 220, 223, 228
Turpinia, 363
Turraea, 377
Turraeanthus, 377
Turraeeae, 377
Turricula, 541
Turrigera, 522
Turrillia, 73
Turritis, 253
Tussilago, 503
Tutcheria, 173
Tweedia, 522
Tylecodon, 305
Tyleria, 187
Tylophora, 522
Tylopsacas, 567
Tylosema, 350
Tylosperma, 320
Tynanthus, 567
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Typhaceae, 734, 735
Typhales, 734, 736
Typhonium, 619
Typhonodorum, 619
Tyrbastes, 739
Tytthostemma, 141
Tzeltalia, 533

U
Uapaca, 287
Uapacaceae, 286
Ubochea, 571
Uebelinia, 142
Uebelmannia, 140
Ugni, 336, 343
Uittienia, 351
Uldinia, 479
Uleanthus, 352
Ulearum, 619
Ulex, 352
Ullucaceae, 138
Ullucus, 139
Ulmaceae, 278, 279, 280, 281
Ulmariaceae, 319
Ulmoideae, 280
Ulmus, 280
Ultricularia, 571
Ulugbekia, 542
Umbelliferae, 478
Umbellularia, 52
Umbiliceae, 305
Umbilicus, 305
Umtiza, 351
Uncaria, 520
Uncarina, 568
Uncinia, 731
Ungeria, 269
Ungernia, 669
Ungnadia, 364
Ungulipetalum, 80
Unigenes, 489
Uniola, 745
Unisemataceae, 716
Unonopsis, 42
Upuna, 268
Uragoga, 518
Uraria, 353
Urariopsis, 353
Urbania, 571
Urbanodendron, 51
Urbanodoxa, 252
Urceola, 521
Urceolina, 669
Urena, 270
Urera, 281
Urginea, 668
Urgineoideae, 668
Urgineopsis, 668
Uribea, 352
Urobotrya, 421

Urocarpidium, 270
Urocarpus, 375
Urochondra, 745
Urodon, 352
Urogentias, 520
Uromices, 734
Uromyrtus, 343
Urophylleae, 518
Urophyllum, 518
Urophysa, 87
Uroskinnera, 565
Urospatha, 618
Urospermum, 503
Urostelma, 522
Ursinia, 503
Ursulaea, 701
Urtica, 281
Urticaceae, 278, 280, 281
Urticales, 278, 279
Urticeae, 281
Urvillea, 364
Usteria, 513, 517
Utleria, 521
Utleya, 193
Utricularia, 563, 564
Utriculariaceae, 570
Utsetela, 281
Uvariastrum, 42
Uvarieae, 42
Uvariodendron, 42
Uvariopsis, 42
Uvulareae, 633
Uvularia, 633
Uvulariaceae, 633, 634
Uvularioideae, 633, 675, 677

V
Vaccaria, 141
Vacciniaceae, 191
Vaccinieae, 193
Vaccinioideae, 190, 193
Vaccinium, 188, 193
Vagaria, 669
Vahadenia, 521
Vahlia, 442
Vahliaceae, 436, 437, 442
Vailia, 522
Valantia, 519
Valdivia, 440
Valentiniella, 542
Valeriana, 459, 462
Valerianaceae, 458, 459, 462, 463
Valerianeae, 462
Valerianella, 459, 462
Vallariopsis, 521
Vallaris, 521
Vallea, 231, 232
Vallesia, 521
Vallisneria, 603
Vallisneriaceae, 603
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Vancouveria, 83
Vanda, 649
Vandasina, 352
Vandeae, 649
Vandellia, 565
Vandoideae, 649
Vangueria, 519
Vanguerieae, 519
Vangueriella, 519
Vangueriopsis, 519
Vanheerdea, 138
Vanhouttea, 567
Vanilla, 646, 648
Vanillaceae, 648
Vanilloideae, 648
Vanover, 707
Vanroyenella, 312
Vantanea, 399, 401
Vantaneeae, 401
Vanwykia, 422
Vanzijlia, 138
Varronia, 542
Vasconcellea, 244
Vaseyanthus, 235
Vasivaea, 268
Vassilczenkoa, 157
Vassobia, 533
Vatairea, 352
Vataireopsis, 352
Vateria, 268
Vateriopsis, 268
Vatica, 268
Vatovaea, 352
Vaughania, 352
Vaupesia, 288
Vauquelinia, 321
Vavaea, 377
Vavaeeae, 377
Vavara, 570
Vavilovia, 353
Vegaea, 215
Veillonia, 695
Veitchia, 695
Velascoa, 324
Velezia, 142
Vella, 253
Velleia, 499, 501
Vellozia, 684, 685, 686
Velloziaceae, 685, 686, 700
Velloziales, 684
Velloziella, 566
Veltheimia, 668
Ventilagineae, 432
Ventilago, 429, 432
Vepris, 375
Veratraceae, 626
Veratrilla, 515, 520
Veratrum, 626, 627
Verbascaceae, 565
Verbasceae, 565
Verbascum, 550, 565, 587
Verbena, 571

Verbenaceae, 556, 569, 571, 574
Verbeneae, 571
Verbeno, 571
Verbenoideae, 571
Verbesina, 503
Verbuellia, 59
Vernicaceae, 378
Vernicia, 288
Vernonia, 503
Vernoniaceae, 502
Vernonieae, 503
Veronica, 566
Veronicaceae, 565
Veronicastrum, 566
Veroniceae, 566
Verreauxia, 499, 501
Verrucularia, 404, 405
Verschaffeltia, 695
Versteegia, 519
Verticordia, 343
Veselskya, 253
Vesicarex, 731
Vesselowskya, 294, 295
Vestia, 533
Vexatorella, 72
Viburnaceae, 458, 461
Viburnum, 458, 461
Vicia, 353
Viciaceae, 350
Vicieae, 353
Victoria, 16, 17
Vidalasia, 519
Vieisia, 612
Vigia, 288
Vigna, 349, 352
Viguieranthus, 351
Viguierella, 745
Villadia, 305
Villaresia, 469
Villarsia, 499, 501
Viminaria, 352
Vinca, 521
Vincaceae, 521
Vinceae, 521
Vincetoxicopsis, 522
Vincetoxicum, 522
Vindasia, 570
Viola, 227
Viola, 222
Violaceae, 219, 222, 227
Violales, 218, 219, 226, 227, 233, 247, 261, 284, 285
Violanae, 168
Violates, 220
Violeae, 227
Violioideae, 227
Virectaria, 519
Virectarieae, 519
Virgilia, 352
Viridantha, 701
Viridivia, 228
Virola, 46
Virotia, 73
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Viscaceae, 420, 422, 423
Viscainoa, 392
Viscalnoa, 394
Visceae, 423
Viscum, 420, 423
Vismia, 182
Vismianthus, 359
Vismieae, 182
Visnea, 173
Vitaceae, 315, 316
Vitales, 315
Vitaliana, 215
Vitellaria, 211
Vitellariopsis, 211
Vitex, 571
Viticaceae, 571
Viticeae, 571
Viticipremna, 571
Viticoideae, 555, 571
Vitis, 315, 316
Viviania, 388
Vivianiaceae, 385, 388
Vlokia, 138
Voacanga, 521
Voanioala, 694, 695
Voatamalo, 287
Vochisiaceae, 327
Vochysia, 337, 343
Vochysiaceae, 338, 343
Vochysieae, 343
Vochysioideae, 343
Volkensinia, 142
Volkiella, 731
Volutaria, 502
Votomita, 339
Vouacapoua, 351
Voyria, 520
Voyrieae, 520
Voyriella, 511, 515, 520
Vriesea, 701
Vrueseeae, 700
Vulpia, 744
Vvedenskyella, 253

W
Wachendorfi , 714, 715
Wachendorfi aceae, 716
Wahlenbergia, 488
Wahlenbergieae, 488
Wajira, 352
Walafrida, 565
Waldsteinia, 320
Wallacea, 187
Wallaceodendron, 351
Wallenia, 215
Walleria, 655, 656
Walleriaceae, 655, 656
Wallichia, 695
Walsura, 377
Walteranthus, 254
Waltheria, 269

Warburgia, 31, 519
Wardenia, 478
Warea, 252
Warneckea, 339
Warnockia, 573
Wasabia, 253
Washingtonia, 695
Waterhousea, 342
Watsonia, 658
Watsonieae, 658
Weberbauera, 253
Weberbauerella, 352
Weberocereus, 139
Websteria, 731
Weddellina, 312
Weddellinoideae, 312
Wedelia, 503
Weigela, 459, 462
Weinmania, 295
Weinmannia, 294
Welchiodendron, 342
Weldenia, 716
Welfi , 695
Wellingtoniaceae, 366
Wellstedia, 542
Wellstediaceae, 541
Wellstedioideae, 540, 542
Wenchengia, 572
Wenchengioideae, 572
Wendandiella, 695
Wendlandia, 520
Wendtia, 386, 388
Wenzelia, 376
Werauhia, 701
Wercklea, 270
Werdermannia, 253
Werneria, 503
Westia, 350
Westringia, 572
Westringieae, 572
Wetria, 288
Wettinia, 695
Wettsteiniola, 312
Whipplea, 446
Whiteheadia, 668
Whiteo, 342
Whiteodendron, 87
Whitesloanea, 522
Whitfi eldia, 570
Whitfi eldieae, 570
Whitfordiodendron, 352
Whitmorea, 469
Whittonia, 225, 227
Whyanbeelia, 287
Whytockia, 567
Wiborgia, 352
Widgrenia, 522
Wiedemannia, 573
Wielandia, 286
Wielandieae, 286
Wiesneria, 606
Wigandia, 539, 540, 541



870 Index

Wightia, 550, 565
Wightieae, 565
Wikstroemia, 271
Wilbrandia, 235
Wilhelmsia, 141
Wilkiea, 50
Willardia, 352
Willdenowia, 739
Williamodendron, 51
Willisia, 313
Willughbeia, 521
Willughbeiaceae, 521
Wilsonia, 534
Wilsonieae, 534
Wimmerella, 489
Wimmeria, 412
Windsorina, 724
Winifredia, 739
Winklera, 253
Winklerella, 313
Winteraceae, 30, 31
Wintereae, 31
Wislizenia, 252
Wissadula, 270
Wisteria, 352
Withania, 533
Witheringia, 533
Witsenia, 657
Wittmackanthus, 519
Wittrockia, 701
Wittsteinia, 496
Wittsteinia, 496, 497
Wodyetia, 695
Woehleria, 142
Wolffi a, 617
Wolffi ella, 619
Wolffi oideae, 619
Wolffi opsis, 619
Woodfordia, 341, 378
Woodia, 522
Woodiellantha, 42
Wooleya, 138
Woollsia, 193
Woonyoungia, 36
Woronowia, 320
Worsleya, 669
Woytkowskia, 521
Wrightia, 521
Wrightieae, 521
Wrixonia, 572
Wulfenia, 566
Wulfeniopsis, 566
Wulffi a, 501
Wullughbeieae, 521
Wurdackanthus, 520
Wurmbea, 633
Wurmbeeae, 633

X
Xantheranthemum, 570
Xanthiaceae, 502

Xanthium, 503
Xanthoceras, 364
Xanthocercis, 352
Xanthoceroideae, 364
Xanthomyrtus, 342
Xanthophyllaceae, 357
Xanthophylleae, 357
Xanthophyllum, 356, 357
Xanthophytum, 518
Xanthorhiza, 87
Xanthorhizeae, 87
Xanthorrhoeaceae, 662, 667, 

670, 677
Xanthorroea, 667
Xanthosia, 479
Xanthosoma, 619
Xanthostemon, 342
Xanthostemoneae, 342
Xantolis, 212
Xenoscapa, 658
Xenostegia, 534
Xeranthemum, 502
Xeroaloysia, 571
Xerochlamys, 268
Xeroclada, 351
Xeroderris, 352
Xerodraba, 253
Xerolirion, 727, 728
Xeronema, 667
Xeronemataceae, 661, 667
Xerophyllaceae, 626
Xerophylleae, 626, 627
Xerophyllum, 626, 627
Xerophyta, 684, 686
Xeroplana, 564
Xerosicyos, 235
Xerospermum, 364
Xerospiraea, 319
Xerothamnella, 570
Xerotia, 141
Xerotieae, 141
Xestaea, 520
Ximenia, 416, 417, 421
Ximeniaceae, 421
Ximenieae, 421
Xiphidiaceae, 716
Xiphidium, 715, 716
Xiphotheca, 352
Xizangia, 566
Xolocotzia, 571
Xylanche, 566
Xylia, 351
Xylocalyx, 566
Xylocarpeae, 378
Xylocarpus, 378
Xylococcus, 192
Xylomelum, 72
Xylonagra, 342
Xylonymus, 411
Xyloolaena, 268
Xylophragma, 567
Xylopia, 40, 41, 42
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Xylopieae, 42
Xylopodia, 447
Xylosma, 226
Xylotheca, 226
Xymalos, 47, 50
Xyridaceae, 719, 721, 723, 724, 725
Xyridales, 719, 729
Xyridoideae, 723
Xyris, 721, 723
Xysmalobium, 522

Y
Yeatesia, 570
Yinshania, 253
Yoania, 649
Youngia, 503
Ypsilandra, 627
Yua, 316
Yucaratonia, 353
Yucca, 660, 663, 664, 668
Yuccaceae, 668
Yuccoideae, 668
Yunckeria, 215

Z
Zabelia, 462
Zacateza, 522
Zahariadia, 668
Zaleya, 137
Zaluzianskya, 565, 587
Zamioculcadeae, 618
Zamioculcas, 615, 618
Zandra, 731
Zanha, 364
Zannichellia, 610, 612
Zannichelliaceae, 608, 610, 612
Zanona, 233
Zanonia, 235
Zanoniaceae, 235
Zanonieae, 235
Zantedeschia, 618
Zantedeschieae, 618
Zanthoxylaceae, 375
Zanthoxyleae, 375
Zanthoxylum, 368, 375
Zapoteca, 351
Zataria, 573
Zauschneria, 342
Zea, 746
Zeaceae, 742
Zehnderia, 313
Zehneria, 235
Zelkova, 279, 280
Zenia, 351, 353
Zenkerella, 350
Zenobia, 193
Zephira, 664
Zephyra, 657
Zephyranthaceae, 669

Zephyranthes, 664, 669
Zerdana, 253
Zeugandra, 488
Zeugites, 745
Zeuktophyllum, 138
Zeuxine, 649
Zeyhria, 566
Zeylanidium, 312
Zhumeria, 573
Zieria, 369, 375
Zigadenus, 626, 627
Zilla, 253
Zimmermannia, 286
Zimmermanniopsis, 287
Zingiber, 702, 705, 707
Zingiberaceae, 702, 703, 705, 

707, 708
Zingiberales, 702, 706, 715
Zingiberanae, 700, 702, 707, 711
Zingibereae, 707
Zingiberoideae, 707
Zinnia, 503
Zinowiewia, 412
Zippelia, 56, 57, 59
Zizania, 743
Ziziphaceae, 432
Ziziphora, 573
Ziziphus, 432
Zoegea, 502
Zoelleria, 539, 540, 542
Zollernia, 352
Zollingeria, 364
Zombia, 695
Zombitsia, 235
Zomicarpa, 619
Zomicarpella, 619
Zonanthus, 520
Zornia, 352
Zosima, 479
Zostera, 612
Zosteraceae, 611, 612
Zosterella, 716
Zoysia, 745
Zuccagnia, 351
Zuckia, 143
Zuelania, 226
Zuvanda, 253
Zygia, 351
Zygocarpum, 352
Zygogynum, 30, 31
Zygopetalum, 649
Zygophyllaceae, 391, 392, 393, 395
Zygophyllales, 391
Zygophylleae, 394
Zygophylloideae, 394
Zygophyllum, 394
Zygoruellia, 570
Zygosicyos, 235
Zygostelma, 522
Zygostigma, 520
Zygotritonia, 658
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