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Embryology allows one to work with a wide array of characters (more than 50 in 
general) for each taxon of angiosperms. This paper, while providing a brief review of 
recent studies on Myrtales and associated families by me and my co-workers, discusses 
evidence for the general utility of embryological characters for the study of plant 
systematics. In particular, evidence is given that characters of seed coat anatomy may 
be best applied to the study of specific and sectional (and even familial) relationships, 
those of seed appendages as well as of integumentary morphology and histogenesis to the 
study of generic relationships, and other major characters to the study of familial 
relationships. Embryology thus provides many features that are complex and, when 
properly applied along with evidence from other sources, offers good indications of 
relationships at various taxonomic level, from the ordinal to the specific level. Despite 
its evident systematic value and increasing need, however, information on embryological 
characters is still lacking for a majority of genera, and even at the family level, data is 
lacking or insufficiently available for more than 300/0 of families. 
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The embryology of angiosperms, a research area encompassing investigations on 
virtually all the events relevant to sexual reproduction (Schnarf, 1929), has contribut- 
ed much over the last century to an understanding of the structural diversity in micro- 
and megasporogenesis, the development of micro- and megagametophytes, the fertili- 
zation, and the development of embryo, endosperm and seed coat. At various times 
in the past, an attempt has been made to compile accumulated data and to clarify 
embryological attributes for each family (e.g., Sehnarf, 1931 ; Davis, 1966). Thus the 
embryology is at present incorporated in most general publications on angiosperm 
systematics as one of the major sources of systematic characters (e.g., Cronquist, 1981, 
1988). 

The systematic value of embryological characters has often been persuasively 
argued (e.g., Maheshwari, 1963; Maheshwari and Kapil, 1966; Palser, 1975; Herr, 
1984). In so doing, authors have usually demonstrated the utility of embryological 
information in clarifying the position of certain problematic families. Davis (1966) 
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and Philipson (1974) have taken a broader view on assessing the systematic value of 
embryological characters; in particular they have attempted to show a restricted 
occurrence of character states in angiosperms. The most illustrative evidence for 
consistent occurrence of certain character states was presented by Dahlgren (1975) in 
his two-dimensional map, the "Dahlgrenogram", a construct further refined by Gertrud 
Dahlgren in the XIV International Botanical Congress at Berlin in 1987. 

Despite the increasing value of embryological characters in angiosperm system- 
atics, however, studies on embryology have apparently become progressively inactive 
over the last 20 years. Early in 1960s more than 150 articles on plant embryology 
were published a year, while early in 1980s only 20-30 papers were published a year. 
This may have occurred in part because most of the major easily accessible groups have 
already been studied, and in part because the time-consuming and difficult tasks of 
embryology, largely based on mierotome sections and optical microscopy, are no longer 
fashionable and have been increasingly replaced by studies using new technologies 
(e.g., electron microscopy and molecular techniques). However the information 
obtained by such new technologies is still extremely limited, and our knowledge is still 
much far from sufficient to allow overall comparisons of any higher rank taxa. 

Over the past six to seven years embryological studies in Myrtales and associated 
groups have convinced me that such investigations are still badly needed for many 
taxa and that the systematic position and evolutionary relationships assessed by 
embryological evidence cordinates well with those indicated by other available evi- 
dence. Further, even where other evidence is not yet fully available or has failed to 
resolve disputed systematic problems, embryological characters alone can often pro- 
vide a sound basis for the resolution of such problems. 

This short article is intended to demonstrate how embryological characters can be 
practically applied to systematic and evolutionary studies and to show which em- 
bryological character(s) is (are) most likely to be useful for the studies at a given 
taxonomic level. The evidence and examples presented here are principally from the 
results of my own continuing investigations, published over the past six-seven years 
(and therefore not cited in earlier review papers on embryology) and still in progress. 
This review may provide some aid both to professionals unfamiliar to embryology and 
to students who are looking for additional or supplemental approaches to their research 
subjects. 

Characters  and Character  States  

Embryological characters include basically all morphological characters con- 
cerned with the development of anthers, ovules and seeds insofar as they show unique 
character states. Since they have been well discussed in the earlier texts or review 
articles (e.g., Maheshwari, 1950; Davis, 1966; Palser, 1975; Herr, 1984), it seems 
unnecessary to describe them again here in detail ; it would be sufficient to state that 
usually more than 50 characters may be investigated for each species. On the left side 
of Table 1, 48 characters and their respective character states are presented. These 
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characters were selected for discussion on the embryology of Myrtales and associated 
families but should also represent well major characters for the whole of angiosperm 

embryology. 

Technologies  

The paraffin methods are still standard for the study of the embryology. Rotary- 
microtome sectioning of the materials that were first fixed and preserved in liquid and 
later replaced with paraffin-wax is the major process prior to observations (see Johan- 
sen, 1940). Sections are stained and mounted in various chemicals into permanent 
preparations and are observed by optical microscopy. Despite this time-consuming 
process, such methods allow us to examine the whole of the embryological characters, 
in contrast to the other methods (e.g., electron microscopy) that are applicable only to 
a limited number of characters as stated below. 

In order to cover all the embryological characters, a full range of developmental 
stages of anthers, ovules and seeds must be fixed (usually in FAA [5 parts stock 
formalin, 5 parts glacial acetic acid, 90 parts 70 or 50% ethanol]); some emphasis 
must always be placed on the smallest buds, because they contain many important 
characters that will not be observed in later stages. It may thus take at least a few 
months or even a year until a complete set of materials is obtained. However, if once 
collected, liquid-preserved materials can be studied at any convenient time later. 
Pollen and seeds from herbarium sheets can also be used to look at cells in mature 
pollen and anatomical characters of seed. 

Recently improved microscopes provided with phase contrast, Nomarsky interfer- 
ence, or fluorescence optics are also used for the examination of particular characters 
with fresh or non-sectioned materials. For instance, phase contrast and Nomarsky 
optics can be used for the study of ovule structure and the development of 
megagametophyte in cleared ovules (e.g., Herr, 1971, 1973), and perhaps for other 
characters also. Fluorescence microscopy has been used to examine the presence of 
callose during the micro- and megasporogenesis (e.g., Rodkiewicz, 1967, 1970). In 
addition, scanning electron microscopy is used for the study of fine surface sculpturing 
of seeds and other parts, and transmission electron microscopy for the study of the fine 
structure of gametophytic cells and metabolic changes during their development. 
Although these microscopies can be applied to only particular embryological charac- 
ters at one time, they have contributed much to the increase of our knowledge. 

Practical Applications of the Embryologica l  Characters 
to the Study at Different Ta x o n o mic  Levels 

When we study the embryology of a certain taxon at a certain taxonomic level, 
the embryological characters do not always have the same systematic value. Their 
systematic value may differ depending on the taxon as well as on the taxonomic level. 
Indeed, embryological characters consistent in one family may not be consistent in 
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another family. Nevertheless, any family has at least some characters that are 

consistent in it, and those characters form a distinctive combination of embryological 

features. Such is also the case at the ordinal level. As far as an order comprises 

related families, it also has a distinctive combination of embryological features 

distinguishable from that of another order. On the other hand, characters that are 

diverse within a family may be consistent at some lower level (i.e., subfamilial, tribal, 

generic or sectional level), and those are useful for considering generic or specific 

relationships. 

Table I, indicating on the left side 48 selected embryological characters and their 

respective character states, indicates at which taxonomic level each character state was 

consistent in Myrtales and associated families. Figs. 1-4 present a character state 

distribution to show how Myrtales can be defined embryologieally and be demarcated 

from associated families, and Figs. 5 and 6 show embryological features characteristic 

of some of the constituent families. 

Application at the ordinal and the familial level 
Of the 48 embryological characters selected, 24 are found to be consistent within 

any of the 14 eonsituent families of Myrtales* (though Psiloxylaceae and Stre- 
phonematoideae of Combretaceae are not yet known embryologically). Among those, 
eight characters provide a distinctive character state combination to Myrtales. All 
families (with rare exceptions) share : (1) two-celled pollen at the time of shedding; 
(2) a glandular anther tapetum ; (3) a crassinucellate ovule ; (4) a two- layered inner 
integument ; (5) a mieropyle formed by both integuments (except in Alzateaceae and 
Rhynchocalycaceae); (6) no or ephemeral antipodal cells; (7) a Nuclear type of 
endosperm formation ; and (8) exalbuminous mature seed (Figs. 1-4 ; for details see 
Tobe and Raven, 1983a, 198~a). Of the above eight features six are apparently 
plesiomorphic, and two (i.e., features 6 and 8) apparently apomorphie. This eharac- 
teristie combination of (apomorphie and plesiomorphic) features defining Myrtales was 
first suggested by my earlier review paper, based on rather insufficient information 
(Tobe and Raven, 1983a), but has been confirmed through later studies (Tobe and 
Raven, 1983b, 1984b, c, e, f, 1986, 1987a, b, c, d, e, 1988a). 

Importantly a circumscription of Myrtales thus defined embryologieally accords 
well with that suggested by evidence from many other sources (in particular, from 
wood anatomy) (Dahlgren and Thorne, 1984; Johnson and Briggs, 1984; van Vliet 
and Baas, 1984). Some other families, like Haloragaceae, Lecythidaceae, Rhizophor- 
aceae and Thymelaeaceae, have also been considered to have close aifinities with 

* By the consensus of the participants in the symposium on the order Myrtales, held at the XlII 
International Botanical Congress, Sydney, Australia, the order is defined to include the 
following families (with subfamilies in brackets): Onagraceae, Trapaeeae, Lythraeeae 
(Lythroideae, Sonneratioideae, Duabangoideae, Punieoideae), Oliniaceae, Combretaceae (Com- 
bretoideae, Strephonematoideae), Alzateaeeae, Rhynchoealycaceae, Penaeaceae, Crypter- 
oniaeeae, Melastomataceae, Memecylaeeae, Psiloxylaceae, Heteropyxidaeeae and Myrtaceae 
(Raven, 1984). 
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Pigs. 1 and 2. Distribution of embryological character states (apomorphies) in Myrtales and other 
families (two-dimensional maps, as well as those in Figs. 3-6, from Dahlgren and Thorne [19841 ). 
1 : Amoeboid tapetum (hatch with cross) ; 3-celled pollen (oblique-stripe). 2 : Tenuinucellate 
ovule (vertical-stripe) ; lack of, or ephemeral antipodals (dot). 
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~igs. 3 and 4. Distribution of embryological character states (apomorphies) in Myrtales and ol~her 
families. 3: Multi-layered inner integument (oblique-stripe); micropyle formed only by the 
inner integument (vertical-stripe). 4 : Cellular endosperm formation (hateh with cross) ; exal- 
buminous seed (dot). 
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myrtalean families and even have been included in the order. However, any one of 
those families lacks one, two or three of the above eight embryological features. For 
instance, Thymelaeaceae, which have most often been assigned to Myrtales (e.g., 
Cronquist, 1981, 1988), clearly differ from the order in having (1) three-celled pollen ; 
(2) a thick, three- to four-layered inner integument; (3) persistent antipodal cells; 
and (4) albuminous seeds (see Figs. 1-4). These differences indicate that 
Thymelaeaceae have no close relationships with Myrtales and can be safely excluded 
from the order (Tobe and Raven, 1983a). 

One might suggest that the aforementioned characteristic combination of the eight 
embryological features can be found in other related or unrelated families. However, 
even if each individual feature is found elsewhere outside Myrtales, the combination 
of the eight features is apparently restricted among the angiosperms. When compared 
with Rosales sensu  Dahlgren* (1983), an order which is considered most closely allied 
with Myrtales (Dahlgren and Thorne, 1984), Myrtales are obviously distinct from 
Rosales in lacking albuminous seeds (for embryological characters of Rosales s s n s u  

Dahlgren see Tobe and Raven, 1989). Rosales further differ from Myrtales in having 
an obturator (which is restricted to Combretaeeae in Myrtales) and lacking the fibrous 
exotegmen (which is rather prevalent in Myrtales). Therefore, any order, like 
Myrtales or Rosales, seems to have a characteristic combination of embryological 
features distinguishable from that of other orders. 

Likewise, individual families also have characteristic embryological features. 
Within Myrtales, for instance, Onagraceae have a unique Oenothera type embryo sac 
which is unknown elsewhere in angiosperm (Tobe and Raven, 1987b ; see also Tobe 
and Raven, 1983a, for review) ; Trapaeeae have a nueellar beak and an asymmetrical 
embryo with unequally developed cotyledons, both of which are unknown elsewhere 
in Myrtales (Tobe and Raven, 1983a, review); Crypteroniaceae are the only family 
that has an ephemeral nucellar tissue, so that a developing embryo sac directly borders 
on the inner integument by the time of fertilization (Tobe and Raven, 1983b, 1987d, 
e) ; Alzateaeeae ( A l z a t e a  only) are characterized by having a micropyle formed by the 
inner integument alone and the bisporic Allium type embryo sac (Tobe and Raven, 
1984f); Oliniaeeae have a characteristic campylotropous ovule (Tobe and Raven, 
1984b); Penaeaceae have a unique tetrasporic Penaea type embryo sac; Melas- 
tomataceae have an endothecium which does not develop fibrous thiekenings in 
relation to a characteristic porieidal anther wall dehiscing mode (Tobe and Raven, 
1983a, review) ; Heteropyxidaceae have a unique anther that is tetralocular at anth- 
esis, rather than biloeular as in other Myrtales, and possesses the Allium type embryo 
sac (Tobe and Raven, 1987c) (for character state distribution see Figs. 5 and 6). 
Although I do not specify here, all other families of Myrtales also have their own 

* Rosales are rather narrowly defined by Dahlgren (1983) to include Rosaceae, Malaceae 
(=Pomaeeae), Amygdalaceae and Neuradaceae and, with some doubt, further to include 
Crossosomataceae, Surianaceae and Rhabdodendraceae. Embryological data available from 
the former three families are summarized as those of Rosales sensu Dahlgren (Tobe and Raven, 
1989). 
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Figs. 5 and 6. Distribution of embryological character states (apomorphies) in Myrtales and other 
families. 5: Non-fibrous endothecium (hatch with cross); ephemeral nucellar tissue (black 
dot) ; nucellar beak (black star) ; ephemeral endothecium (while triangle) ; tetralocular anther 
at anthesis (black triangle). 6 : Oenothera type (white dot), Penaea type (white square), and 
Allium type (black square) embryo sac ; asymmetrical embryo with unequally developed dicoty- 
ledons (white star) ; campylotropous ovule (vertical-stripe). 
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distinct combination of embryological features. 
Certain embrylogical characters may further be useful to suggest evolutionary 

relationships of some families in the order. The endothecium of some large families 
(e.g., Combretaceae, Lythraceae, Myrtaceae, and Onagraceae), like many other un- 
related angiospermous families, develop fibrous thiekenings. However, in some other 
small families (i.e., Alzateaeeae, Crypteroniaeeae, Oliniaceae, Penaeaceae, and 
Rhynchocalycaceae) the endotheeium degenerates without developing fibrous thicken- 
ings (Fig. 5). Each of these families has been controversial with respect to its system- 
atic position and has generally been considered peripheral to one or another of the large 
families (see their positions scattered in Fig. 1). The shared unique ephemeral anther 
endothecium (an obvious apomorphy), however, may suggest that they are all derived 
from a common ancestor of only one large family, although the latter family is 
uncertain in our present knowledge (for more detailed discussion see Tobe and Raven, 
1984e). Thus, this embryological character, which has not attracted much attention 
so far, may prove valuable to the solution of disputed familial relationships. 

Since embryological characters provide a characteristic embryological profile for 
each family, they may be of use to test the homogeneity of a vaguely defined family 
and, thereby, to clarify the misplacement of an unrelated segregate. Two examples 
are presented below, one involving Chrysobalanaceae, and another Anisophylleaceae. 
Traditionally Chrysobalanaceae had been assigned to Rosaeeae as a tribe or sub- 
family; even if accepted as an independent family, Chrysobalanaceae have nearly 
always been placed near Rosaceae (for review of the systematic position of 
Chrysobalanaeeae see Prance, 1972 ; Tobe and Raven, 1984d). However, by the study 
of the embryology (Tobe and Raven, 1984d) Chrysobalanaeeae were found to dearly 
differ from Rosaceae in having a tenuinueellate ovule, a small nucellus with the tissue 
soon disintegrating (i.e., an ephemeral nueellar tissue), an endbthelium, and an exal- 
buminous seed. This combination of distinguishing embryological features (all 
apomorphies) negates any close relationship between Chrysobalanaeeae and Rosaeeae, 
and rather suggests, with evidence from other sources, that Chrysobalanaceae be placed 
in Theales and probably near Theaeeae. 

Anisophylleaeeae had long been assigned as a tribe or subfamily in Rhizophor- 
aceae (for historical survey of the systematic position of Anisophylleaceae see Tobe 
and Raven, 1987f). Recent embryological studies (Tobe and Raven, 1987f, 1988b, 
Anisophylleaceae ; Tobe and Raven, 1987a, 1988a, Rhizophoraeeae), however, showed 
that Anisophylleaceae are clearly distinct from Rhizophoraeeae. For instance, the 
inner integument is two-layered in Anisophylleaceae (Poga and Polygonanthus), but 
multi-layered in Rhizophoraceae ; the nueellar tissue persists until early stages of seed 
development in Anisophylleaceae, but soon disintegrates in Rhizophoraceae (the latter 
condition, subsequently, is accompanied by -the formation of an endothelium except in 
mangrove genera); mature seeds are exalbuminous in Anisophylleaeeae but al- 
buminous in Rhizophoraceae. These embryological differences, with support from 
other evidence, support a recognition of the separate family Anisophylleaceae. In 
latest publications, thus, a celastralean affinity is proposed for Rhizophoraeeae (Dahl- 
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Table 1. Embrylogical  characters, and their  respective character state and consistency 
l imit  at  different taxonomic levels estimated from the work wi th  Myrtales and 
associated families 

Characters/character  states Section Genus Tribe Snbfam. Family 

Anthers 

Number of sporangia:  two or four, or + 
more 

Type of wall  deve lopmen t :  Basic,  + 
Dicotyledonous, Monocotyledonous, or 
Reduced 

Epidermis : persistent or not  + 

Endothee ium:  developing fibrous thick- + 
enings or not  

Middle layers : persistent or not  ( + 

Tape tum:  glandular or amoeboid + 

Number of nuclei in a tapetal  cell : one, ( +  
two or more 

Delimitat ion of mierospores: simultane- + 
ous or successive 

P r e d o m i n a n t  shape  of mierospore  + 
tetrads : tetrahedral,  isobilateral, or 
otherwise 

Number of cells in a mature pollen : two + 
or three 

Anther  at  anthesis : bi- or tetralocular + 

Ovules 

Degree of ovule curvature :  anatropous, + 
campylotropous, or otherwise 

Number of integuments : one or two + 

Thickness of in teguments  : two- or + 
multi-layered 

Histological origin of outer in tegument :  + 
dermal or subdermal 

Vascular tissue in integuments :  present + 
or absent 

Mieropyle: formed by inner, outer, or + 
bo th  integuments 

Endothe l ium : formed or not + 

Arehesporium : one- or multi-celled + 

Nueellus : tenui- or erassinucellate + 

Thickness of parietal cells: e.g., two to + 
three or five to six cell-layered, other- 
wise 

Shape of megaspore te t rads:  linear, T- ( +  
shaped or otherwise. 

Type of megagametophyte development : + 
Polygonum, Oenothera, Penaea, or 
other 

Antipodal  cells : persistent or ephemeral + 

+ + + § 

§ - -  _ _  

+ ? ? ? 

+ § § § 

§ § + § 

( + )  - - 

+ + § + 

§ + § § 

§ + + § 

§ § § + 

+ § + § 

+ 

§ 

+ 

§ - -  

+ § + + 

+ + 

§ + § + 

+ ( + )  ( + /  ( + )  

§ - -  

(+) 

§ + § + 

§ + + § 
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Table 1. Continued 
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Characters/character states Section Genus Tribe Subfam. Family 

Shape of mature embryo sac : ellipsoidal, 
ovoid, or other 

Nueellar cap : formed or not 

Nueellar beak : formed or not 

Hypostase : present or absent 

Obturator : present or absent 

Starch grains in embryo sac: present or 
absent 

Fat ty  globules in megaspores and an 
embryo sac : present or absent 

Seeds 

Path of pollen tube:  pore-, ehalazo- or 
mesogamous 

Type of endosperm formation: Nuclear 
or Cellular 

Endosperm : ruminate or not 

Endosperm in mature seed: present or 
absent 

Type of embryogeny : Onagrad, Solanad, 
or otherwise 

Characteristics of suspensor : short, mas- 
sive, haustorial, or otherwise 

Embryo : di- or monocotyledonous 

Nucellar tissue in mature seed: present 
or not 

Adjuncts to seed : aril, arillode, or other 

Exotesta:  collapsed or papillate, other- 
wise 

Mesotesta: selerenchymatous or not 

Endotesta:  erystaliferous or not 

Endotesta : thick or thin 

Exotegmen : tracheoidal or not 

Exotegmen : multiplied or not 

+ + + + + 

§ + + + + 

+ + + + + 

+ + - _ _ 

+ + ? ? ? 

+ + § + + 

+ + + + - 

+ + + + + 

+ + + + + 

+ + + + + 

+ + § + + 

( + )  

+ + + + + 

+ + + § + 

+ + + + + 

+ + ( + )  -- _ 

( + )  . . . .  

+ 

+ + + + + 

@ - -  _ _  

+ + + (+)  (+)  
@ - -  _ _  _ _  

Character state: + ,  always consistent; (+) ,  consistent depending on a taxon;  , not 
consistent. 

gren,  1988;  T o b e  a n d  R a v e n ,  1988a),  w h i l e  a r o s a l e a n  or  m y r t a l e a n  a f f in i ty  or  an  

i so l a t ed  p o s i t i o n  is s u g g e s t e d  for  A n i s o p h y l l e a c e a e  ( D a h l g r e n ,  1988 ; T o b e  a n d  R a v e n ,  

1987f, 1988b, c). 

T h e  f a c t  t h a t  a f a m i l y  g e n e r a l l y  s k e w s  a c h a r a c t e r i s t i c  c o m b i n a t i o n  of  em-  

b r y o l o g i c a l  f e a t u r e s  also m a k e s  i t  poss ib le  to sea rch  for  af f in i t ies  o f  g e n e r a  w h o s e  

f a m i l i a l  o r  o r d i n a l  p o s i t i o n s  h a v e  b e e n  u n c e r t a i n .  T h e  s t u d y  of  t h e  e m b r y o l o g y ,  as a 

p a r t  o f  a m u l t i d i s e i p l i n a r y  s t u d y ,  has  c o n t r i b u t e d  in  p l a c i n g  Ern f l eur id iurn ,  a 

m o n o t y p i c  s o u t h w e s t e r n  C a p e  genus  ( G o l d b l a t t  et al., 1985), in  t h e  C e l a s t r a e e a e  a n d  
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in recognizing the Fagales as the closest allies for Ticodend~'on, the only genus of a new 

monotypic family from Central America (Tobe, 1989). 

Application at the subfamilial, tribal and generic level 
Some characters of seeds and integuments appear to be diverse within a family but  

consistent at the generic level (Table 1). These can be applied to the study of generic 

relationships. 
Probably in any family it seems worthwhile to investigate whether seeds have an 

appendage (like an aril, arillode, wing, or other)  or no t ;  whether the number of 

integuments is one or two ; whether integuments are multiplicative (multi-layered) or 

not (2-layered) ; whether the outer integument is of dermal origin or of subdermal 

origin* ; whether integuments have a vascular bundle(s) ; and whether the 

integumentary tapetum (=endothe l ium)  differentiates or not. My studies on those 

characters often have contributed to an understanding of generic relationships. 

In Onagraceae (seven tribes and 17 genera [Raven, 1988]), the ovule is always 

bitegmic. The genera differ from one another with regard to whether the outer 

integument is of dermal, subdermal, or both dermal and subdermal origin, and four 

different developmental types can be recognized : (1) of subdermal origin Lopezia 
(Lopezieae), Fuchsia (Fuchsieae), and Circaea (Circaeeae) ; (2) of both dermal and 

subdermal origin, with derivatives of the subdermal initials dividing more actively 

than those of dermal i n i t i a l s -  Oenothera and Stenosiphon (Onagreae) ; (3) of both 

dermal and subdermal origin, with derivatives of the subdermal initials dividing less 

actively than those of the dermal initials Hauya (Hauyeae) and Calylophus and 

Gaura (Onagreae) ; (4) of dermal o r i g in - -Ludwig i a  (Jussiaeeae) ; Boisduvalia and 

Epilobium (Epilobieae);  and Cammisonia, Clarlcia, GayoThytum , Gongylocarpus, 
Heterogaura, and Xylonagra (Onagreae) (Tobe and Raven, 1985). Importantly,  the 

patterns of relationships suggested on the basis of the developmental mode of the outer 

integument accord closely with those derived from other lines of evidence. 

The number of integuments as well as the presence or absence of vascular bundles 

in the integument have also been useful in supporting the distinctness of two genera 

in Myrtaeeae, Eugenia and Syzygium, whose delimitation has been controversial (for 

historical survey on this controversy see Schmid, 1972). Besides the evidence from 

floral vascular anatomy (Schmid, 1972), the embryology provided further evidence for 

distinguishing Syzyqium from Eugenia. In Syzygium the ovule has a single integu- 

ment with vascular bundles, while in Eugenia it has two integuments neither of which 

has vascular bundles as in other Myrtaceae (Tobe and Raven, 1983a). The uti l i ty of 

* The terminology of "dermal origin" and "subdermal origin" for integuments follows Bouman 
(1974). The "dermal origin" is designated to the case in which the initiation and the subse- 
quent growth of the integument takes place by divisions of dermal initials and their deriva- 
rives, while in the "subdermal origin" the integument is initiated by the periclinaI divisions of 
subdermal cells and grows by the subsequent divisions of subdermal derivatives. In addition, 
I used the hybridized term, "both dermal and subdermal origin", for the case in which the 
integument is formed by derivatives of both the dermal and the subdermal initials. 
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these integumentary characters was also confirmed in distinguishing Comb+'etocarpus 
(without the integumentary vascular bundles), or both Combretocarpus and Aniso- 
phyllea (with unitegmic ovules), from the rest of Anisophylleaceae (Tobe and Raven, 
1987f). 

In Rhizophoraceae (four tribes and 14 genera [Tobe and Raven, 1988a]), of ten 
inland genera four (Blepharistemma, Cassipourea, Comiphyton and C~'ossostylis) have 
arillate seeds; three (Anopyxis, Macarisia, and Sterigmapetalum) have winged seeds; 
and the remaining three (Carallia, Gynotroches and Pellacalyx) do not have any 
adjuncts on seeds. This distribution pattern, along with evidence from other em- 
bryological characters, explains well evolutionary relationships within Rhizophoraceae 
(Tobe and Raven, 1988a). 

With regard to the value of the thickness of integuments, the possession of a thick, 
multiplicative inner integument has proved one of the important characteristics 
distinguishing Rhizophoraceae from Myrtales (Tobe and Raven, 1987a). In addition, 
within Rhizophoraeeae, Gynotroches and Pellaelayx are regarded as forming a separate 
group in having a two-layered outer integument instead of the multilayered one found 
in all other genera (Tobe and Raven, 1988a; Juneosa and Tobe, 1988). 

Thus, seed and integumentary characters, as mentioned above, seem very likely to 
provide good evidence for intergeneric relationships in other families. 

Application at the subgeneric, sectional and specific level 
The seed coat, which developed from integuments, usually comprises several 

histologically distinguishable layers, and its structural details are usually diverse 
within a genus but  rather uniform at the sectional level (and occasionally even at the 
family level). 

In Oenothera (14 sections and 124 species) of the Onagraceae, the seed coats exhibit 
considerable anatomical diversity, particularly in the exdtesta, mesotesta, endotesta, 
and even in the exotegmen (Tobe et al., 1987). My analysis indicated that the seed 
coat structure of Oenothera is section-specific : in fact, every section has its own 
distinct combination of seed coat anatomical features. Further, seed coat anatomy is 
apparently correlated with adaptations to new habitats ; consequently, consideration 
of these characters allows speculation about evolutionary trends in Oenothera (Tobe et 
al., 1987). The usefulness of seed coat anatomy toward elucidating specific and 
sectional relationships has further been confirmed in the study of Ludwigia (Tobe and 
Raven, 1987b ; Tobe et al., 1988), and in studies of other genera in Onagraceae now in 
progress. It  seems likely that seed coat characters will prove useful for systematic 
studies at the generic level wherever they are applied. 

It  has also been suggested that differences in the size and shape of ovule, 
megasporocyte, or gametophyte may be useful for comparisons at the specific or higher 
level (Palser, 1975 ; Herr, 1984). Herr (1984) reviewed a few recent quantitative or 
statistical studies on growth of the developing female gametophyte (Comus, Smith, 
1975; Glycine and Phaseolus, George et al., 1979), which involved the size measure- 
ments of the length and width of functional megaspores or embryo sac at the two-, 
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four- and eight-nucleate stages. However, if the purpose of the study lies in the 
solution of disputed taxonomic relationships and not in the nature of the ovule and/ 
or gametophyte development per se, I would recommend the study of seed coat 
structure. The latter allows the use of dried herbarium specimens and makes possible 
overall comparisons, which would be very difficult with developmental studies that 
essentially require fresh or preserved materials. 

Summary  Discussion and Prospects 

As discussed above, the seed coat structure appears most likely to provide a 
reliable evidence for specific and sectional relationships within a genus ; likewise, the 
seed appendage as well as the integumentary morphology (i.e., number, thickness, 
presence or absence of vascular bundles, etc.) and histogenesis (i.e., how it is formed, 
dermally versus subdermally) may afford evidence for generic relationships and for 
grouping genera into higher rank categories within a family. Further, other major 
embryological characters may contribute to visualizing familial relationships and, 
hence, to defining orders and ordinal relationships. Embryological characters may 
have evolved independently many times in unrelated taxa, and therefore they have not 
equal systematic value. Characters relevant to the seed coat structure, for instance, 
may not afford evidence as clear in other taxa as in Oenothera. However, results from 
the study of Oenothera suggest that it is worthwhile to investigate seeds of all taxa. A 
continuing study on the seed coat anatomy of Onagraceae is indicating many 
significant differences in every genus examined. Similarly, if less variable characters 
are chosen, embryology can be expected to provide good indications of relationships at 
the family level as shown in work on the Myrtales and in many other examples 
presented in earlier review papers and individual papers. 

One with interest in the study of embryology may question the size of samples 
examined. I suggest that, if the taxon is coherent, one species (preferably two for the 
safety) may afford sufficient information on the major embryological characteristics for 
each section, genus, or family. In a comparative study of the embryology in Ludwigia 
on the basis of seven sections and 11 species, which were selected so as to cover the 
whole variation of the genus, I did not see any essential differences within the genus 
except for certain differences in endotestal structure among sections. This result 
indicates that the study of one species per genus may be enough to show major 
embryological characteristics of the genus. A more critical conclusion will be drawn 
on this subject when my overall study of Onagraceae is finished in near future. 

Although the embryology affords a wide array of characters that are undoubtedly 
of systematic value at various taxonomic levels, many families and genera are still 
unknown embryologically or known only to a limited degree. In particular, informa- 
tion on integuments and seed coats in individual genera is extremely limited, with 
information totally lacking in a majority of genera. With regard to major characters 
that are less diverse within a family, Johri (pets. comm. in 1988) suggested that 58 
families (following Melchior, 1964) are unknown. Beyond this, many other families 



Embryology of Angiosperms 365 

tha t  have already been studied to some extent  often lack information on some 

significant characters or on impor tan t  genera (which take a key  position for under- 

standing familial  characteristics). I would estimate tha t  more than  30% of the 
families (173 of 467 families sensu  Dahlgren ([1983]) need a thorough or supplemental  

study. 

The s tudy of embryology is apparent ly  changing from a purely descriptive phase 

to one involving synthesis;  the lat ter  involves not only compiling the accumulated 

information, but  a critical evaluat ion of characters. Through the process of synthesis, 

it will become apparent  wha t  families or genera and what  characters need further 

investigation. Effective selection of species for investigation, together with an (re-) 

evaluat ion of synthesized data, seems to be one of the best  ways to visualize the whole 

picture of systematic relationships among the angiosperms or among any lower rank 

categories. 

I gratefully acknowledge the editor's assistance for providing an oppor tuni ty  to 

contribute this article. Dr. Peter  H. Raven and his associates have long supported the 

work reviewed here, which I greatly appreciate. Wi thout  their  valuable  suggestions 

as well as their cooperation and assistance in obtaining materials, the work will not 

have been done well. Dr. Barbara  Palser provided me information on missing litera- 

ture published between late 1960s and early 1970s. Dr. George C. Carroll, a visit ing 

professor to our College, k indly  read a manuscript.  

R e f e r e n c e s  

BOUMAN, F. 1974. Developmental studies of the ovule and integuments in some angiosperms. 
Thesis. Univ. of Amsterdam. 

CROXqUIST, A. 1981. An Integrated System of Classification of Flowering Plants. Columbia 
Univ. Press, New York. 

- - .  1988. The Evolution and Classification of Flowering Plants, 2nd ed. The New York 
Bet. Gard., New York. 

DAHLaR~>r, R. 1975. The distribution of characters within an angiosperm system. I. Some 
embryological characters. Bet. Notiser 128: 181-197. 
�9 1983. General aspects of angiosperm evolution and macrosystematics. Nor& J. Bet. 
3 : 119-149. 

- - .  1988. Rhizophoraeeae and Anisophylleaeeae: summary statement, relationships. 
Ann. Missouri Bet. Gard. 75 : 1259 1277. 

- -  AND R.F. T~ORNE. 1984. The order Myrtales: circumscription, variation, and rela- 
tionships. Ann. Missouri Bet. Gard. 71 : 633-699. 

DAVIS, G.L. 1966. Systematic Embryology of the Angiosperms. John Wiley & Sons, New 
York�9 

GEORGE, G.P., R.A. GEORaE AND J.M. HERR, JR. 1979. A comparative study of ovule and 
megagametophyte development in field-grown and greenhouse-grown plants of Glycine 
max and Phaseolus aureus (Papilionaceae). Amer. J. Bet. 6 6 : 1 0 3 3  1043. 

GOLDBLATT, P., H. TOBE, S. CARLqmST AND P. PATEL. 1985. Familial position of the Cape 
genus Empleuridium. Ann. Missouri Bet. Gard. 72: 167-183. 

HEAR, JR. J.M. 1971. A new clearing-squash technique for the study of ovule development in 
angiosperms. Amer. J. Bet. 58:785 790. 



366 H. TOBE 

- - .  ]973. The use of Nomarski-interference microscopy for the study of structural fea- 
tures in cleared ovules. Acta Bot. Indica 1 : 35-40. 

- - .  1984. Embryology and taxonomy. In B.M. Johri, ed., Embryology of Angiosperms, 
pp. 647 796. Springer-Verlag, Berlin. 

JOHANSEN,  D.A. 1940. Plant Microtechnique. McGraw-Hill, New York. 
JOHNSON, L.A.S. AND B.G. B~IGGS. 1984. Myrtales and Myrtaceae a phylogenetic analysis. 

Ann. Missouri Bot. Gard. 71 : 700 756. 
JUNCOSA,  A.M. AND H. TOBE. 1988. Embryology of tribe Gynotrocheae (Rhizophoraceae) and 

its developmental and systematic implications. Ann. Missouri Bot. Gard. 75: 1410- 
]424. 

MAHESHWARI,  P. 1950. An Introduction to the Embryology of Angiosperms�9 McGraw-Hill, 
New York. 
�9 1963. Embryology in relation to taxonomy. Vistas in Botany 4 : 55-97. 

- -  AND R.N. K~IL.  1966. Some Indian contributions to the embryology of angiosperms. 
Phytomorphology 15 :239  291. 

MELCHIOR, H. (ed.) 1964. A Engler's Syllabus der Pflanzenfamilien. 2. Gebrfider Borntraeger, 
Berlin. 

PALSER, B.F. 1975. The bases of angiosperm phylogeny: embryology. Ann. Missouri Bot. 
Gard. 62 : 621-646. 

PHILIPSON, W.l~,. 1974. Ovular morphology and the major classification of the dicotyledons. 
Bot. J. Linn. Soc. 6 8 : 8 9  108. 

PRANCE,  G.T. 1972. Chrysobalanaceae. Flora Neotropica Monogr. No. 9. Hafner Publ., 
New York. 

RAVEN, P.H. 1984. The order Myrtales : a symposium. Ann. Missouri Bot. Gard. 71 : 631-632. 
�9 1988. Onagraceae as a model of plant evolution. In L.D. Gottlieb and S.K. Jain, 
ed., Plant  Evolutionary Biology, pp. 85 107. Chapman and Hall, London. 

RODKIEWlCZ, B. 1967. Walls with callose in the megaspore and hypostase of ovules of Antirr- 
hinum majus observed in a fluorescence microscope. Bull. Acad. Polon. Sci., S6r. Sci. 
Biol. 15: 493-495. 

- - .  1970. Callose in cell walls during megasporogenesis in angiosperms. Planta 93 : 39- 
47. 

SCHMID, R. 1972. A resolution of the Eugenia-Syzygium controversy (Myrtaeeae). Amer. J. 
Bot. 5 9 : 4 2 3  435. 

SCHNARF, K. 1929. Embryologie der Angiospermen. Gebriider Borntraeger, Berlin. 
- - .  1931. Vergleichende Embryologie der Angiospermen. Gebriider Borntraeger, Berlin. 
SHITH, B.B. 1975. A quantitative analysis of the megagametophyte of five species or Comus L. 

Amer. J. Bot. 62: 387-394. 
TOBE, H. 1989. Reproductive morphology, anatomy and relationships of Ticodendron. Ann. 

Missouri Bot. Gard. 76 : (in press). 
- -  AND P.H. RAVEN. 1983a. An embryological analysis of Myrtales : its definition and 

characteristics. Ann. Missouri Bot. Gard. 70: 71-94. 
- -  AND . 1983b. The embryology of Axinandra zeylanica (Crypteroniaeeae) and 

the relationships of the genus. Bot. Gaz. 114 : 426 432. 
- -  AND . 1984a. The number of cells in the pollen of Melastomataeeae 

(Myrtales). Bot. Mag. Tokyo 97 :131  136. 
- -  A N D  . 1984b. The embryology and relationships of Oliniaceae. Plant Syst. 

Evol. 146: 105-116. 
- -  AND - - .  1984C. The embryology and relationships of Penaeaceae (Myrtales). 

Plant  Syst. Evol. 146 : 181-195�9 ~ 
AND . 1984d. An embryological contribution to systematics of the 

Chrysobalanaceae. I. Tribe Chrysobalaneae. Bot. Mag. Tokyo�9 9 7 : 3 9 7  4 l l .  
- -  A N D  , 1984e. The embryology and relationships of Rhynchocalyx Oliv. 

(Myrtales). Ann. Missouri Bot. Gard. 71 : 836 843. 
- -  A N D  . 1984f. The embryology and relationships of Alzatea Ruiz & Pay. 



Embryology of Angiosperms 367 

(Myrtales). Ann. Missouri Bot. Gard. 71 : 844-852. 
- -  AND - - .  1985. The histogenesis and evolution of integuments in Onagraceae. 

Ann. Missouri Bot. Gard. 72 : 291-316. 
- -  A N D  . 1986. The evolution ofpolysporangiate  anthers in Onagraceae. Amer. 

J. Bot. 73 : 475-488. 
- -  AND - - - .  1987a. The embryology and relationships of Cassipourea and Ster@ 

mapetalum (Rhizophoraceae-Macarisieae). Opera Bot. 92 : 253-264. 
- -  AND . 1987b. A comparative study of the embryology of Ludwigia (Ona- 

graeeae) : characteristics, variations, and relationships. Ann. Missouri Bot. Gard. 73 : 
768-787. 

- -  AND - - .  1987C. Embryology and systematic position of Heteropyxis (Myrtales). 
Amer. J. Bot. 7 4 : 1 9 7  208. 

- -  AND - - .  1987d. The embryology and relationships of Crypteronia (Crypter- 
oniaceae). Bot. Gaz. 1 4 8 : 9 6  102. 

- -  AND - - .  1987e. The embryology and relationships of Dactylocladus (Crypter- 
oniaeeae) and a discussion of the family. Bot. Gaz. 148 : 103-111. 

- -  AND . 1987f. Systematic embryology of the Anisophylleaeeae. Ann. Mis- 
souri Bot. Gard. 7 4 : 1  26. 

- -  AND . 1988a. Seed morphology and anatomy of Rhizophoraeeae, inter- and 
infrafamilial  relationships. Ann. Missouri Bot. Gard. 75 : 1319 1342. 

- -  AND . 1988b. Addit ional  notes on the embryology of Potygonanthus (Aniso- 
phylleaceae) and relationships of the family. Ann. Missouri Bot. Gard. 75 : 1425 1428. 

- -  AND . 1988e. Floral morphology and evolution in Anisophylleaceae. Bot. J. 
Linn. Soc. 98: 1-25. 

- -  A N D  . 1989. The embryology and systematic position of Rhabdodendron 
(Rhabdodendraeeae).  In Kit  Tan et al., ed., P lan t  Taxonomy, Phytogeography and 
Related Subjects, pp. 221-236. Edinburgh Univ. Press, Edinburgh.  
, - -  AND C.-I. PENG. 1988. Seed coat anatomy and relationships of Ludwigia 
sects. Mierocarpium, Dantia and Miquelia (Onagraeeae), and notes on fossil seeds of 
Ludwigia from Europe. Bot. Gaz. 149: 450-457. 
, W . L .  W A G N E R  AND H.-C. CHIN. 1987. A systematic and evolutionary study of 
Oenothera : seed coat anatomy. Bot. Gaz. 148 : 235 257. 

V A N  V L I E T ,  G.J.C.M. AND P. BAAS. 1984. Wood anatomy and classification of the Myrtales. 
Ann. Missouri Bot. Gard. 71 : 783-800. 

Received April 10, 1989 


