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Abstract: Pericarp structure was investigated in 158 species of the families Lamiaceae
and Verbenaceae. Data from 221 out of 262 genera of Lamiaceae s.1. and a few of Verben-
aceae s.str. were collected in a table. A cladistic analysis was performed on the basis of
pericarp characters only. The abandonment of subfam. Pogostemonoideae as a taxonomic
unit is considered. Examples of groups given additional support by similarities in pericarp
characters are: (1) the gynobasic-styled labiates (subfamilies Pogostemonoideae, Lamioi-
deae, Nepetoideae); (2) a Lamioideae-Pogostemonoideae-group; (3) Nepetoideae; (4) a
Westringia-Hemigenia-Hemiandra-Microcorys group (in subfam. Chloranthoideae); (5) a
Lepechinia-Chaunostoma-group (in Nepetoideae); (6) a Prunella-Cleonia-group (in Nepe-
toideae).

In Verbenaceae and Lamiaceae, the ovary consists of two, sometimes one or three
to five, carpels. Each carpel is usually divided into two chambers by the intrusion
of partitions from the carpellary midrib. As each chamber has one ovule, the entire
ovary usually has 4, or sometimes 2, 6, 8, or 10 ovules which develop into as many
or often fewer seeds, the latter due to abortion. The ovary (and the fruit) is entire
with a terminal style or shallowly to deeply lobed with a subterminal to gynobas-
ic style. The fruit is indehiscent or splits up into free mericarps (nutlets).

It is widely accepted that the Lamiaceae evolved from the Verbenaceae. Tradi-
tionally (BEntHaM 1932-1936, 1948; Briouer 1895-1897; WunperLicH 1967), the
Lamiaceae are distinguished from the Verbenaceae on the basis of gynoecium and
fruit structure. Whereas most genera with a more or less four-lobed fruit that splits
up into four mericarps have been placed in Lamiaceae, those with entire, often
indehiscent, fruits have been placed in Verbenaceae. However, examination of the
variation within both families reveals a continuum rather than a clear distinction,
and the traditional distinction offered neither a well-marked boundary between the
two families nor a synapomorphy for Lamiaceae. Cantivo (1992 a) carried out a
cladistic analysis of the Lamiaceae and those Verbenaceae that appeared to be
most closely related to the Lamiaceae. In this consensus tree, groups of genera
assigned to Lamiaceae are linked to at least four verbenaceous sister groups.
Whereas the family as a whole appears to be polyphyletic, most of the genera fall
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within a single large clade characterized by a gynobasic style, a prominent nectary
disc, and a smooth to irregularly roughened (versus reticulately ridged) pericarp
surface. The four closest relatives of the major clade are Ajuga, Acrymia, Cyma-
ria, and Holocheila (all in Ajugoideae). Garrettia forms a connecting link between
this more inclusive clade and the Verbenaceae s.l. Scutellaria, Tinnea and Ren-
schia fall within a clade with the verbenaceous Holmskioldia as a sister group. The
two other “labiate”-clades contain Teucrium with allies and Prostanthera with
allies. The cladograms based on chloroplast DNA characters by OLmsteap & al.
(1992, 1993) and Cuase & al. (1993) also suggest that the Lamiaceae s.str. is poly-
phyletic. However, some of their trees conflict with Cantivo’s (1992 a) cladogram
by also suggesting different origins for subfam. Nepetoideae and the other gyno-
basic-styled labiates. The cladistic analysis based on chemistry and morphology
by Riverer & al. (1992) focused on the Caryopterioideae and some other subfam-
ilies of Verbenaceae (now abandoned by Cantivo & al. 1992) and only included
few representatives of the gynobasic-styles labiates. In their cladogram, Tinnea,
Prostanthera and some of its allies are nested within the clade of gynobasic-styled
labiates.

In an attempt to delimit monophyletic families, Cantivo (1992 b) and Cantino
& al. (1992) adopted Junerr’s (1934) greatly expanded circumscription of Lamia-
ceae which includes many verbenaceous groups. Lamiaceae sensu JuneLL (1934)
and Cantivo & al. (1992) differs from the Verbenaceae s.str. by having the ovules
attached a short distance from the carpel margin. Cantivo & al.’s (1992) subfamil-
ial classification is heavily influenced by Cantmvo’s (1992 a) cladistic analysis and
divides the famliy into the following eight subfamilies: the more or less ‘apical-
styled” Chloanthoideae, Teucrioideae, Viticoideae, and Ajugoideae, the apical- to
gynobasic-styled Scutellarioideae, plus the gynobasic-styled Pogostemonoideae,
Lamioideae and Nepetoideae.

Cantivo (1992 a) used differences in fruit type, surface structure and fleshiness
of the nutlets as characters in his cladistic analysis, but he did not include charac-
ters of the pericarp ultrastructure. However, the usefulness of such characters in
the classification of the labiates has been demonstrated by many authors, i.e.,
Waaner (1914), BiLvmovrrscr (1935), Murtar (1940, 1946, 1947), WorCIECHOWSKA
(1958, 1961 a, b, 1966, 1972), Jarrry (1966), Makarova (1967), Hepce (1970),
Wirzrom (1978), Krestovskara (1988), Zuarakova & MyLnikova (1990), and Ryping
(1992 a, 1993 a, b, 1994 a—c). On the basis of pericarp characters, BiLimovirsch
(1935) and Woiciecnowska (1966) presented informal subfamilial classifications
of the European labiates, and the latter classification has been found to be rather
well-correlated to Cantvo & al.’s (1992) subfamilial classification. Ryping’s
(1992 a, 1993a) subtribal classification of the Nepetoideae tribe Ocimeae is influ-
enced by the differences in pericarp characters.

The objectives of this study are: (1) to investigate the pericarp structure in as
many as possible of the hitherto unstudied genera of Lamiaceae s.1. and in some
Verbenaceae s. str.; (2) to present a summary of pericarp characters, which
includes old reports as well as new data about pericarp structure; (3) to carry out a
cladistic analysis based on these pericarp characters; (4) to compare the new cla-
dogram with the ones presented by other authors, and to discuss the phylogeny
and classification of the labiates in the light of the new data.
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The circumscription and subfamilial classification of Lamiaceae in this study
largely follows Cantivo & al. (1992).

Material and methods

This study is based on material from the following herbaria: C, E, GH, K, S, and UPS
(abbreviations according to Hovmeren & al. 1990). New vouchers are enumerated in
Appendix 1. In some cases, Ryping’s (1992 a, 1993 a, b, 1994 a—c) slides have been re-
examined in a search for new data.

Microscope slides with sections of the pericarp have been prepared by the method
described by Ryping (1993 b) and are deposited at UPS. Presence or absence of myxo-
carpy and starch grains have been studied by the methods described by Ryping (1992 b).
The free sclereids in Fig. 5 B-I were isolated from the sclerenchyma region after the nut-
lets had been cut up and macerated in sodium hypochlorite.

The regions of the pericarp and their homology

In order to facilitate the anatomical description, the pericarp is often divided into
three regions called exocarp (epicarp), mesocarp and endocarp. The terms are
commonly used for the purpose of description without relation to ontogenetic or
evolutionary origin, but in this study attempts have been made to apply the same
name for presumably homologous parts of the pericarp. In the labiates, the outer
pericarp epidermis is often referred to as the exocarp, the inner epidermis as the
endocarp, and all the intervening layers are placed in the mesocarp. As also the
case with the outermost epidermis, the inner epidermis may be assumed to corre-
spond in all labiate mericarps, but these layers may well have duplicated in some
taxa (see below). Thus, layers placed in the mesocarp might have originated from
the exocarp or endocarp. In the innermost part of the mesocarp (in its traditional
sense), there is usually a very characteristic and distinct portion of sclerenchyma.
If traced, the vascular bundles (which are presumed to constitute homologous
structures) are restricted to the usually parenchymatous mesocarp layers outside
this sclerenchyma. Thus, it seems probable that this distinct sclerenchymatous
layer of the pericarp is homologous in all labiate nutlets. In his treatment of Oci-
meae, Ryping (1992 a) included it in the endocarp, but today it seems more suit-
able to treat it as a separate region, and in the following context it will be referred
to as ‘the sclerenchyma region’.

Delimitation of the sclerenchyma region. Delimitation of the sclerenchyma
region is rarely problematic. However, Stenogyne, Haplostachys, Dicrastylis
(Fig. 4 E), and Premna (Fig. 4 D) contain two distinct regions of sclerenchyma, an
outer which contains stone-shaped and comparatively thin-walled sclereids, and
an inner typical sclerenchyma region. When considering its position in the peri-
carp, where it surrounds the vascular bundles, it seems plausible that the outer tis-
sue of sclerenchyma is homologous to parenchymatous mesocarp tissues of most
other labiates. Hence, the outer sclerenchyma of these taxa is considered as part of
the mesocarp s. str.

Delimitation of the endocarp. A few taxa have two, not one, layers of similar
thin cells below the sclerenchyma region. The additional cell layer may be pre-
sumed to have evolved by duplication of the inner epidermis. Consequently, both
these layers are here considered as a part of the endocarp. However, in nutlets that
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lack a distinct sclerenchyma region, it may be difficult to distinguish between non-
epidermal cells which have originated from the endocarp and true mesocarp cells
(see below).

Problems with distinction between exocarp and mesocarp. In the subtribe
Plectranthinae, non-mucilaginous exocarp cells seem to have divided to form sev-
eral cell layers next to the vertically longer mucilaginous cells. Ryping (1992 a)
placed such non-mucilaginous cells in the exocarp. In many Nepetoideae
(Fig. 3 A), Paraphlomis, Suzukia (Fig. 2 C), Tinnea (Fig. 2 H) and some other
labiates, the outer epidermis and the layers immediately below are similar. Thus,
it is possible that layers here referred to as mesocarp might have originated from
the exocarp.

Problems of the homology when the sclerenchyma region seems to be lack-
ing. The absence of a sclerenchyma region provides considerable difficulties with
the identification of cell layers. Fibres and elongate cells with a large pits or sca-
lariform wall thickening mainly occur in taxa that apparently lack a sclerenchyma
region. For the sake of convenience, such cells are (in the following chapter and
Table 1) described under the mesocarp, but it is uncertain to which region they
really belong. Four different hypotheses about their origin are here discussed (1)
Xylem elements. The large cells with a scalariform wall thickening in Ajuga (see
Wacner 1914: fig. 63) have been found to be elongate and (as the veins in many
other apical-styled labiates) at the edges of the large reticulum of the sclerenchy-
ma region. Hence, these cells apparently belong to the vascular bundles. The same
may also apply to cells with large pits in some Mosla species (illustrated by Wag-
NeR 1914: fig. 17). In Comanthosphace, which lacks a sclerenchyma region, cells
with scalariform wall thickening form a more or less coherent tissue, and Ryping
(1994 a) suggested that they may be tracheids. However, the similar but solitary
cells in the presumably related Leucosceptrum may hardly have this function.
Fibres in Chelonopsis, which form several layers below the tracheary elements,
and sometimes are absent from areas between these elements were suggested to
represent remnants of the xylem (Rypmwe 1994 b). (2) Elements of the scleren-
chyma region. Fibres in Chelonopsis, Tinnea and Renschia occur in the inner part
of the pericarp at or near the position which, in other taxa, is occupied by the scler-
enchyma region. This is also the case with the sclereids of Gomphostemma, which
vary from being almost bone-shaped to almost fibre-shaped. (3) Endocarp
elements. Endocarp cells often have a large-pitted or scalariform to reticulate
wall thickening. According to Wacner (1914: fig. 53), several of the innermost
cell layers may be identical in Scutellaria. The same may perhaps also apply to
Rostrinucula. However, the fact that the presumably related Leucosceptrum,
Comanthosphace, Achyrospermum, Tinnea and Renschia, which have an orna-
mented ‘mesocarp’ cell, lack such wall structures in the cells of the inner epider-
mis, contradicts the suggestion that the ornamented cells may originate from the
endocarp. (4) Ordinary mesocarp elements. In Newcastelia, which has a typical
sclerenchyma region, all mesocarp cells have a scalariform-reticulate wall thick-
ening. Ordinary mesocarp cells differ from the xylem elements by being less elon-
gate and more thin-walled. Stone cells in Haplostachys and Stenogyne have rather
large pits. Thus, scalariform, reticulate or large-pitted cells in Leucosceptrum, Ach-
yrospermum and related species may have originated from ordinary mesocarp cells.
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Fig. 1. The exocarp of the Lamiaceae in tangential section. A Neohyptis paniculata,
mucilaginous cells which contain a reduced plate, and darker non-mucilaginous cells.
B Pitardia nepetoides, mucilaginous cells surrounded by smaller non-mucilaginous cells.
C Drepanocaryum sewerzowii with a ‘mucilage bud’. D Hedeoma molle, large muci-
laginous cells and much smaller, brownish non-mucilaginous cells. E Ballota africana,
showing two cell types, ordinary thin-walled cells and brownish, thick-walled cells with
large pits. F Callicarpa japonica, showing two types of cells. The vouchers are cited in
Appendix 1. Bar: 50 pm

Description of the pericarp structure

The thickness of the pericarp varies from 20 pm (in Tetradenia) up to at least
8 mm (recorded in Teijsmanniodendron), and it consists of (3-)4 to numerous
layers of cells. Immediately below the pericarp, there are layers that belong to the
seed.

The variation in the most prominent and/or distinctive characters of the peri-
carp ultrastructure is described below, and their distribution in the genera is given
in Table 1. Data about the following types of characters, which are presumed to be
of little systematic value mainly due to great variations within genera, are often
omitted in this study.: (1) the size of the cells and the thickness of their layers; (2)
the colour of the cells; (3) the nutlet indumentum, which is often given in many
Floras and revision works of genera. The hairs and glands often got very damaged
during the preparation of the slides, and would better be studied by a stereo micro-
scope or SEM.
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Pericarp surface characters. Wirzrum (1978), Rypivg (1982, 1986, 1992 a,
1993 b, 1994 b), Reart (1990), Sessese Demissew & Harcey (1992), Bouman &
Mzeuse (1992), Paron (1992), Campion-Bourcer & al. (1993), Bupantsev (1993 a,
b), and Mary & al. (1994) have demonstrated the presence of interesting nutlet
surface structures. Such characters may be useful in a study of phylogeny, partic-
ularly within genera. However, similarities in surface structure do not always
reflect homology in anatomical structure. Such structures are here described under
several different subheadings on the basis of their ultrastructural background (see
below).

A plicate pericarp. Macbridea has a plicate pericarp which forms ribs at the

proximal side of the nutlets (Ryping 1994 b: fig. 1 E).
"~ Shape of exocarp cells. When seen from the nutlet surface, the exocarp cells
are usually isodiametric or slightly elongate along the nutlet axis (Fig. 1), but in
some species, e.g., of Leucas, Leonurus and Stachys, they have been found to be
very elongate (Ryping 1993 b, WosciecHowska 1966, SeBseBe Demissew & HarLey
1992). The cells may be convex or concave and then form minutely colliculate or
reticulate nutlet surfaces (see Ryping 1986: fig. 11 D, P).

A sclerenchymatous exocarp. Exocarp cells are usually parenchymatous, but
Amasonia, Bostrychanthera, Chaunostoma, Lepechinia, Gmelina, Spartothamnel-
la, and Tectona have sclerenchymatous exocarp cells. In Lepechinia and Chauno-
stoma these cells have long parallel pit canals in their apical part (Fig. 3 E).

A fleshy exocarp. Exocarp cells are usually dry, but Prasium (WacNer 1914:
fig. 58) and Clerodendrum cephalantha have vertically very elongate exocarp
cells that form a fleshy layer. In other taxa, the fleshy portion of the mericarp is
formed by the mesocarp (see below).

A thick outer wall in the exocarp cells and/or a thick cuticle. A highly lus-
trous nutlet surface usually reflects the presence of a thick outer cell wall and/or a
thick cuticle (Rypmvg 1993 b: fig. 1 G). That probably applies to the taxa in Can-
tIvo’s (1992 a) cladistic analysis. However, the character is vague, and a glossy
surface may also reflect the presence of plates in mucilaginous exocarp cells (see
below).

Indumentum and conic exocarp cells. Nutlet hairs are modified exocarp
cells. They are represented in all the subfamilies of Lamiaceae, but are more fre-
quent in the Verbenaceae and the apical-styled labiates than in the gynobasic-
styled members of the family. As in the stems and leaves of the same plants, they
may be unicellular and/or multicellular, simple and/or branched, eglandular and/or
glandular.

Dicrastylis has a peculiar type of hairy surface in which all exocarp cells form
hairs, mostly unicellular ones and some multicellular and branched ones
(Fig. 4 E). Unlike the multicellular hairs, the unicellular hairs are covered by a
thick cuticle. The following Australian and E Asiatic Chloanthoideae and Teucri-
oideae, which have conic to papillose exocarp cells, may be regarded as interme-
diate between Dicrastylis and other labiates which have a comparatively smooth
surface: Caryopteris incana, Teucridium parvifolium, Hemigenia purpurea, Hemi-
andra incana, Microcorys barbata, Westringia rosmarinifolia, and W. rigida.

In Callicarpa, Lamioideae and Nepetoideae, glandular and/or eglandular hairs
often occur together with the two other types of differentiated exocarp cells (men-
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tioned below) on the same nutlets. This condition suggests that the latter cell types
do not correspond to hairs.

Mucilaginous cells and myxocarpy. In some labiates, the exocarp cells pro-
duce mucilaginous material upon wetting. The mucilage is formed by the cell
walls which consist of hygroscopic spiral fibrillae that slit up (Rypmg 1992 a). In
most cases, the swelling mucilaginous cells protrude on the pericarp surface, but
in Pycnostachys the mucilaginous material emerges from the inside of flakes
(Rypive 1992 a). Functional mucilaginous cells always have colourless walls, but
vestigial cells often have brownish walls. Mucilaginous cells usually have a plug-
shape, sometimes brownish, content in the centre, but in the tribe Ocimeae sub-
tribe Plectranthinae, the cell content forms a peltate, usually brownish plate
(Fig. 3 G). When the plate covers the apical surface of the cells, the nutlet surface
usually appears lustrous (Ryping 1992 a: fig. 1 X). Data on the size of this plate in
the different species (covering viz. more or less reduced) have been provided by
Rypmvg (1992 a).

According to Ryping (1992 b), who studied the presence or absence of myxo-
carpy in most genera of Lamiaceae, the phenomenon has only been recorded in
subfam. Nepetoideae. Some additions to Ryping’s (1992 b) list are given here:
Zhumeria majdae was found to show a strong mucilaginous reaction (obtaining c.
0.7 mm long cells). Drepanocaryum sewerzowii was found to show a moderately
strong mucilaginous reaction (obtaining 0.2 mm long cells). The following taxa
were found to show a weak mucilaginous reaction (obtaining less than 0.1 mm
long cells): Cyclotrichium stamineum, Elsholtzia flava, Minthostachys mollis, and
Xenopoma bolivianum. The following taxa did not show any mucilaginous reac-
tion: Caryopteris incana, C. paniculata, Chaunostoma mecistandrum, Dicrastylis
verticillata, Duranta erecta, Heterolamium debile, Hymenopyramis brachiata,
Kurzamra pulchella, Lantana camara, Oxera oblongifolia, Peronema canescens.

Non-mucilaginous cells (in an otherwise mucilaginous exocarp). In addition
to functional or vestigial mucilaginous cells, the exocarp usually contains ordinary
non-mucilaginous cells (Table 1). When studied on the nutlet surface, the non-
mucilaginous exocarp cells are usually smaller than the mucilaginous cells, usual-
ly asteroid due to concave anticlinal walls and are usually brownish (Fig. 1 A-D).
At the base and centre, these cells are usually much thinner than the mucilaginous
cells, but are more or less widened towards the apex. Unlike other Nepetoideae,
the subtribe Plectranthinae and perhaps also some other members of the Ocimeae
have the non-mucilaginous cells vertically short and forming more than one cell
layer beside vertically longer mucilaginous ones (Fig. 3 G; Ryping 1992 a).

Arrangement of mucilaginous and non-mucilaginous cells on the nutlet
surface. On the nutlet surface, mucilaginous and non-mucilaginous cells form dif-
ferent types of patterns. Three main types of patterns are distinguished here, but
the data on their distribution is very incomplete and intermediates between the two
first types are apparently common. (1) In the following taxa, solitary or small
groups of mucilaginous cells have been found to be separated from each other by
smaller non-mucilaginous cells (Fig. 1 B, D): Conradina, Dicerandra, Hedeoma,
Hymenocrater, Lallemantia, Lavandula (Wacner 1914: fig. 11), Mentha p.p.,
Pitardia, Pycnanthemum, Rhabdocaulon, Xenopoma. (2) In subtribe Plectranthi-
nae, the non-mucilaginous cells are arranged in groups surrounded by mucliagi-
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Fig. 2. The pericarp of Lamiaceae subfamilies Lamioideae and Scutellarioideae. A Ballo-
ta frutescens in transverse section (t.s.) with two types of exocarp cells, ordinary pale cells
and brownish, thick-walled cells with reticulate secondary thickenings in the walls.
B Microtoena delavayi in t.s. with two types of exocarp cells. C Suzukia luchensis in t.s.
D Renschia heterotypica, longitudinal section of a papilla, upper cells of the mesocarp
bluish to violet, central cells containing small prismatic crystals, lower cells fibre-shaped.
E Craniotome furcata in t.s. with small crystals in the bone cells. F Wiedemannia orien-
talis in t.8.; the exocarp contains two cell types. G Achyrospermum radicans in longitudi-
nal section with elongate, large-pitted cells in the mesocarp. H Tinnea gracilis in t.s. with-
out sclerenchyma region, with fibres and cells with scalariform thickening in the meso-
carp, with a layer of crystals above these cells. Abbreviations for the regions and struc-
tures: ¢ prismatic crystal; d druse; e exocarp; f fibre; ie. endocarp; m mesocarp; s scleren-
chyma region. The vouchers are cited in Appendix 1. Bar: 50 pm
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Fig. 3. The pericarp of Lamiaceae subfamily Nepetoideae in transverse sections. A Schizone-
peta tenuifolia with mucilaginous and non-mucilaginous cells in the exocarp. B Cleonia clu-
sitanica with a sclerenchymatous second innermost cell layer of the mesocarp, with small
crystals in the innermost cell layer of the mesocarp. C Micromeira juliana with a minutely
sculptured sclerenchyma region. D Drepanocaryum sewerzowii with a ‘mucilage bud’.
E Lepechinia chamaedryoides with sclereids in the exocarp which have parallel pit channels
at the apex. F Zhumeria majdae with the non-mucilaginous exocarp cells covering the
mucilaginous ones, with crystals in the innermost layer of the mesocarp. G Capitanya oto-
stegioides with two cell types in the exocarp; mucilaginous cells containing a plate-like
structure; the nonmucilaginous cells form several layers; the second innermost layer of
the mesocarp contains prismatic crystals. Abbreviations for the regions and structures:
¢ prismatic crystal; d druse; e exocarp; ie endocarp; m mesocarp; s sclerenchyma region.
s0 “striate” outer part of the bone cells. The vouchers are cited in Appendix 1. Bar: 50 pm
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nous cells (Fig. 1 A). Due to differences in their surface, the contrast between
mucilaginous and non-mucilaginous cells often appears on the nutlet surface
(Wrrzrum 1978; Ryping 1982, 1986). Callicarpa and Petitia lack myxocarpy, but
have differentiation of the exocarp cells similar to the one in Nepetoideae
(Figs. 1 F, 4 B). However, in C. japonica, it is the cells with a convex anticlinal
walls that are darker and occur together in large groups on the nutlet surface. (3)
In Zhumeria from arid Iran, the non-mucilaginous cells are longer, strongly wid-
ened at the apex and cover the shorter mucilaginous cells completely (Fig. 3 F).
When mucilage is formed, a skin consisting of non-mucilaginous cells flakes off
from the nutlet surface.

Surface structures formed by groups of enlarged non-mucilaginous exo-
carp cells. Vertically longer non-mucilaginous cells sometimes form outgrowths
on the nutlet surface. Examples are the tubercles on Aeollanthus abyssinicus
Hocnst. ex Bentn. and A. pinnatifidus Hocast. ex Benth. (Ryping 1982: fig. 1 1). In
some Hemizygia and Syncolostemon, enlarged non-mucilaginous cells form irre-
gularly arranged ribs that are covered by a thick cuticle and appear as wrinkles
(Ryping 1992 a: fig. 1 K). Drepanocaryum, Hymenocrater, some Nepeta (e.g., N.
azurea) and perhaps also Cedronella canariense have a type of structure that
forms bud-shaped outgrowths (Woiciecnowska 1966: plate 43, 46; BubpanTtsev
1993 b: plate 2.13, 3.6). They consist of functional or vestigial mucilaginous cells
surrounded and more or less covered by long scale-shaped non-mucilaginous
cells (Figs. 1 C, 3 D). When swelling in water, the mucilaginous cells may force
the scale-shaped cells to bend out or break off.

Thick- and thin-walled exocarp cells and surface structures formed by
such cells. Many Lamioideae show a different type of differentiation of the cells
in the exocarp (Table 1). Ordinary exocarp cells are intermixed with solitary or
small groups of divergent cells (Fig. 1 E). The latter cells are comparatively thick-
walled, usually large-piited to scalariform or reticulate, usually slightly wider and
often have a brownish cell wall (Fig. 1 E). In some species, e.g., Ballota frutes-
cens (Fig. 2 A) and some Leucas (Ryping 1993 b: fig. 4 N) the thick-walled cells
are vertically longer and form tubercles on the nutlet surface. The ‘spinulose
structures’ and ‘blunt protrusions’ on nutlets of Stachys hildebrandtii and Lamium
maculatum L., studied by SesseBe Demissew & Harrey (1992) and Bouman &
Meeuse (1992), respectively, are probably also formed by this type of cells. In
Microtoena delawayi slightly thick-walled cells form large groups or cover a large
part of the nutlet surface.

Reticule and scales formed by exocarp cells. In Melittis (WosciEcHOWSKA
1966: plate 63), Eurysolen and Perilla, enlarged exocarp cells form a reticulum,
but in Perilla thick vascular bundles also contribute to this sculpturing. The char-
acteristic scales on the nutlets of Achyrospermum seem to be two cell layers thick,
and both these layers apparently belong to the exocarp.

Starch grains in the exocarp. All investigated species of the following gene-
ra have been found to have starch grains in the exocarp cells: Alvesia, Becium,
Fuerstia, Melittis (Woiciscnowska 1966: plate 73), Moluccella, Notochaete, and
Orthosiphon subg. Nautochilus. Such grains have also been found in some but not
all the species of the following genera: Aeollanthus, Dracocephalum, Hyptis, Lal-
lemantia, Ocimum, and Orthosiphon subg. Orthosiphon. In Nepetoideae, the
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grains are with few exceptions restricted to mucilaginous cells (Ryping 1992 a).
Large starch grains in the exocarp cells may form minute tubercles on the nutlet
surface (Rypivg 1986: fig. 11 X).

The mesocarp. The mesocarp usually consists of two to many layers of soft
cells, or sometimes of only one layer. They are colourless, yellowish to brown,
sometimes violet or rarely reddish, and their colour is usually provided by the
cytoplasm content. The cells ar parenchymatous or sometimes sclerenchymatous
or collenchymatous. The mesocarp cells are variously shaped but tend to be less
strongly branched than the cells of the sclerenchyma region and usually form a
distinct layer. Variation in the number of cell layers, given in Table 1, usually
refers to differences between species, but may also reflect uncertainty in the observa-
tions or known variation in the number of cell layers within the same nutlet (e.g.,
in Monardella and Renschia).

A fleshy mesocarp. In drupaceous labiates, the fleshy portion is usually
formed by the mesocarp, the entire region or by the outer part of this region (but
some exceptions are mentioned above under the exocarp).

Differentiation of the cell layers in the mesocarp. Within the same layers, the
cells are usually similar, but there are often differences between the layers. Differ-
entiations of the cell layers in the mesocarp may be classified as follows: (1) In
many Nepetoideae (Table 1), the innermost cell layer of the mesocarp contrasts
with the yellowish to brownish outer layers by being hyaline (or sometimes violet)
and/or by being thicker than the ones above (Fig. 4 A). Monardella has a diver-
gent violet cell layer in the innermost part of the mesocarp which is restricted to
parts of pericarp and forms irregular patterns. (2) Amasonia, Paraphlomis and
Suzukia have a similar type of differentiation of the mesocarp, but have more than
one layer of colourless cells in the inner part of the region (Table 1). (3) Most
Lamioideae have colourless or homogeneously coloured mesocarp cells. Many
members of this subfamily have the upper cell layers of the mesocarp broader than
the innermost one (e.g., Acrotome, Ryping 1993 b: fig. 3 E). (4) In Eremosta-
chys, the mesocarp is weakly differentiated into three parenchymatous main
layers. (5) Phyllostegia, Stenogyne, Dicrastylis, Karomia, and Haplostachys have
a coherent tissue of stone cells in the mesocarp. Such cells are prominently pitted
(Fig. 4 E). In Phyllostegia and Stenogyne, the outer part of the mesocarp consists
of vertically elongate, parenchymatous and more or less fleshy cells. In Haplosta-
chys and Karomia, the mesocarp is entirely sclerenchymatous (Rypmg 1994 c:
fig. 1 D). In Dicrastylis, the inner and central cell layers are rather thick-walled,
while the outer ones are gradually incrasingly thin-walled (Fig. 4 E). (6) In New-
castelia, the entire mesocarp consists of cells with a scalarifom wall thickening.
(7) In Prunella and Cleonia, the outer and the innermost cell layers are parenchy-
matous but between these layers, there are stone cells. In Cleonia, the sclerenchy-
ma forms a single layer, and the sclereids are more thick-walled at the base than at
the apex (Fig. 3 B).

Other types of differentiation of mesocarp cells. The following taxa have
stone cells, fibres or collenchymatous cells in the mesocarp, and these cells are
often not strictly confined to certain layers, but show different types of arrange-
ments: (1) Hymenopyramis and some other labiates (see Table 1) have solitary
stone-cells or small groups of such cells intermixed with ordinary soft mesocarp
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Fig. 4. The pericarp of the Lamiaceae subfamilies Chloanthoideae and Viticoideae in
transverse sections. A Pityrodia loxocarpha. B Callicarpa japonica, mesocarp containing
druses, innermost layer of the mesocarp may have become compressed during the prepar-
ation of the slides. C Hymenopyramis brachiata with sclereids scattered among the ordi-
nary mesocarp cells. D Premna resinosa with a peculiar type of stone cells in the inner
part of the mesocarp. E Dicrastylis verticillata with all the exocarp cells hair-like, with
stone cells in the mesocarp. Abbreviations for the regions and structures: ¢ prismatic crys-
tal; e exocarp; & base of hair; ie endocarp; m mesocarp; s sclerenchyma region; v vascular
bundle. The vouchers are cited in Appendix 1. Bar: 100: 50 pm

cells (Fig. 4 C). (2) In Premna resinosa, the sclerenchymatous cells are restricted
to groups placed in the inner part of the mesocarp (Fig. 4 D). Such groups appear
as papillae which form a colliculose nutlet surface. The stone cells are vertically
elongate or are divided into two to four cells by the formation of horizontal walls
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(Fig. 4 D). (3) Chelonopsis has fibres in the inner part of the mesocarp (Rypwg
1994 b: fig. 2 B). Below the vascular bundles, there are several layers of fibres,
and between the vascular bundles, the layer is thin or broken up by the presence of
intervening mesocarp cells. In addition to typical fibres, Chelonopsis moschata
Miq. has an atypical broad type of fibres which are placed between the vascular
bundles where the fibre layer is interrupted by parenchyma (Rypivg 1994 b:
fig. 1 H). (4) Tinnea and Renschia have fibres in the inner part of the mesocarp
which are intermixed with parenchymatous cells and cells with a scalariform wall
thickening (Figs. 2 H, 5 H). (5) Caryopteris incana has horizontal, fibre-shaped
parenchymatous cells at some places near the endocarp. (6) Leucosceptrum,
Comanthosphace, Rostrinucula (Ryping 1994 a: fig. 2) and Achyrospermum
(Fig. 2 G) have a type of elongate collenchymatous cells with large-pitted to
scalariform or reticulate wall thickening.

Crystals in the mesocarp. Several labiates have prismatic crystals or druses
(spherical conglomerate crystals) in the mesocarp. When present, the druses are
usually few and seem to be more or less scattered all over the mesocarp (Figs. 2 C,
G, 4 B). However, in Callicarpa they are perhaps restricted to the innermost layer
of the mesocarp. Prismatic crystals are common in the subfamilies Nepetoideae
and Scutellarioideae where, with few exceptions, they occur in genera that lack
crystals in the sclerenchyma region (Table 1). When present (in Nepetoideae),
they are usually restricted to certain layers of the mesocarp, and their position
apparently constitutes an important character. They are restricted to the innermost
layer (Fig. 3 F), to the second innermost layer (Fig. 3 G), or are sometimes present
farther out in the mesocarp.

Papillae formed by parenchymatous mesocarp cells, and some peculiar
structures connected to such outgrowths. In Renschia (Fig. 2 D), Holmskioldia,
some Scutellaria (Paton 1990, 1992: figs. 3—7) and doubtfully also in Tinnea, the
nutlets have ‘papillae’ formed by additional cell layers in the mesocarp. Wojcie-
caowska (1972: plates 1—4) and Paton (1990: fig. 1) reported the presence of air
spaces in the papillae of Scutellaria species. Tinnea have a long ray placed at the
apex of minute or obsolete ‘papillae’. Together, these rays form a wing on the nut-
lets. The rays contain a long, hair-like sclereid which is covered by thin layers of
mesocarp and exocarp cells (Fig. 5 A). Some of the exocarp cells form hairs
which constitute the secondary rays of the feathers. At the apex of the long scler-
eid, there is a gland and no other cells. According to an illustration by WaGNEr
(1914: fig. 55), Scutellaria tournefortii Benta. seems to have similar hair-like
sclereids which, except for its apex, are sunken into the mesocarp.

Other structures formed by the mesocarp. In Chloanthes coccinea and
Pityrodia bartlingii enlarged mesocarp cells form a reticulum. ‘Air sacks’ in Hyp-
tis fasciculata Benth. are formed by additional layers of large slightly collenchy-
matous mesocarp cells (Ryping 1992 a: fig. 7 J). In Lycopus, which grows in damp
habitats, the pericarp is considerably thickened at the nutlet edges where it con-
tains an additional tissue of loose mesocarp cells (WosciecHowska 1961 b:
figs. 7-13).

A reticulum formed by the veins. Thick veins that are over-layered by thin
cell layers often appear as a loose reticulum on the nutlet surface (Rypivg 1992 a:
fig. 1 R).
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The sclerenchyma region. The sclerenchyma region consists of one to many
layers of sclereids, or is absent. At the ridges of a sclerenchyma reticulum, the
number of layers is usually higher. The cells are colourless or sometimes brown-
ish, the latter probably due to lignification of the cell walls. RiveLer & al. (1992)
used the presence of several versus one or no layer of sclerenchymatous cells as a
character in their cladistic analysis, but more detailed data about their number is
provided in Table 1. Differences in surface structure, cell types and presence of
crystals in the sclerenchyma region provide other important characters.

The surface of the sclerenchyma region. Sculpturing of the sclerenchyma
region (pyrene) appears on the nutlet surface or may be completely obscured by
the overlaying meso- and exocarp. Sculptured sclerenchyma surfaces may be
divided into three main types: (1) The first type consists of a large reticulum (Wos-
ciecHowskA 1966: plates 2-9) or, along the sides of the nutlets, of ribs. Veins are
often seen above the edges of this reticulum. In the edges, there are often addition-
al layers of comparatively small cells which lack crystals. The data on the pres-
ence or absence of a reticulum in Table 1 refers to this type of sculpturing. The
data on the presence of a reticulum in Cantivo’s (1992 a) cladistic analysis also
appear to refer to these sculptures, but in a few cases the sculpturing is formed by
the mesocarp (see above). (2) Cyanostegia angustifolia has a corrugated or warted
sclerenchyma region. (3) The third type of sculpturing is minutely reticulate,
minutely pitted or striated. In such a surface, the cavities are filled up by a single
mesocarp cell or by some cells arranged in a row along the nutlet axis (Fig. 3 C).
This type of minutely sculptured pericarp surface is particularly common in the
Nepetoideae, where its presence or absence may be of systematic value, Rypine
(1992 a).

Cell types in the sclerenchyma region. On the basis of the shape of the cells,
different types of sclerenchyma tissues can be distinguished, of which the first
three types are the most frequent ones: (1) The first type consists of irregularly
star-shaped to almost stone-shaped sclereids (Fig. 5 B). (2) The second type is pal-
isade-shaped and consists of a layer of vertically arranged bone-cells. These cells
have the luminar cavity enlarged at or near the centre and are branched and/or
have pit canals at the apex as well as at the base (Fig. 5 F). In most Nepetoideae,
the branches are often thin, and due to this the cells appear striated (Fig. 3 F-G).
(3) The third type is also palisade-shaped, but contains a different type of bone
cells. The luminar cavity of these calls is short and restricted to the apical part of
the cells (Fig. 5 E) or is longer and extends well below the centre of the cell
(Fig. 2 C). At the apex of the cell the wall is thin, and branches or pit canals only
occur at the base of the cells (Fig. 5 E). In Lamioideae, the bone cells, which usu-
ally are of this type, often have large pits or pit canals in the anticlinal walls
(Fig. 2 C), but the character is often very variable within the genera. (4) The scler-
eids of Gomphostemma sect. Gomphostemma may belong to the sclerenchyma
region or may be of another origin. They may resemble those of the second cate-
gory but are very deeply branched with few and thick branches and form a very
rough surface. They may also be almost unbranched and are then more similar to
fibres. (5) The sclereids of Peronema, Caryopteris paniculata, Congea, Hymeno-
pyramis, Perilla, Collinsonia, Keiskea and some members of Ocimeae essentially
form one cell layer and are intermediate between bone cells and stone cells. In
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Fig. 5. A A comparatively short ray of the wing in a nutlet of Tinnea gracilis containing a
long sclereid. B—F Sclereids from the sclerenchyma region of different labiates. B Irregu-
latly star-shaped cell from Newcastelia cephalantha. C Cell from Caryopteris paniculata.
D Two cells from Hymenopyramis brachiata. £ Bone cells from Anisomeles malabarica
(the basal branches have apparently become bent downwards during the preparation of the
slide). F Bone cells from Cedronella canariensis (apical branches have perhaps become
more spreading during the preparation of the slide). G-I Sclereids from the mesocarp of
different labiates. G Scalariform cell from Tinnea gracilis. H Fibre {comparatively short)
from Tinnea gracilis. I Stone cell from Aegiphila pendula. Abbreviations: ¢ prismatic
crystal; g gland; ow thin outer cell wall; s a long sclereid. The vouchers are cited in
Appendix 1. Bar for A: 0.2 mm; bar for B—I: 50 pm
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Caryopteris paniculata, these cells have rather spreading branches (Fig. 5 C), and
as in Hymenopyramis (Fig. 5 D), they are rather irregularly arranged and some-
times form more than one cell layer. (6) In Ocimum gratissimum L. (RypING
1992 a: fig. 7 B) and Cuminia the sclerenchyma forms a confused tissue. Superfi-
cially, it seems to be multi-layered, but it might equally well be formed by one
layer of cells.

Large cells in the sclerenchyma region. According to Wacner (1914: fig. 62),
some of the cells in the sclerenchyma region of Teucrium cubense Jacq. are strong-
ly enlarged.

Crystals in the sclerenchyma region. According to Ryping (1992 a), prismat-
ic crystals in the pericarp contain calcium oxalate. The shape and size of the crys-
tals usually seem to reflect the shape of the space in which they have been formed.
Presence or absence of prismatic crystals in the sclerenchyma region apparently
constitutes an important systematic character (Table 1). Most Lamioideae have a
large crystal in the bone cells. The same also applies to some genera of the Nepe-
toideae subtribe Ocimeae (Ryping 1992 a). Most other members of Nepetoideae
have small or no crystals, but Piloblephis constitutes an exception and has large
crystals in these cells. Druses are rare in the sclerenchyma region.

The endocarp. With few exceptions, the endocarp consists of a single thin cell
layer. In Gmelina, Paraphlomis and some Ocimum, it forms two cell layers. Scu-
tellaria may perhaps have several layers of such cells (see above under Homology).
In most Lamiaceae s. 1. the cells are parenchymatous or only slightly sclerenchy-
matous (Table 1). In Achyrospermum (Fig. 2 G), Acrymia, Callicarpa (Fig. 4 B),
Duranta, Lantana, Stachytarpheta, and Verbena, the endocarp cells are strongly
sclerenchymatous. The presence or absence of wall thickening (as large pits or
scalariform to reticulate patterns, Fig. 3 A, E) apparently constitutes an important
systematic character (Table 1). In Stachytarpheta and Duranta, the endocarp cells
contain prismatic crystals. Amasonia, Tinnea, Renschia and several species of
Scutellaria (Wacner 1914, WoiciecHowska 1972) have short glandular hairs on the
endocarp.

The pericarp of scars. Apart from the lack of exocarp, the scars seem to be
structurally rather similar to the ordinary pericarp at the distal side of the same nut-
lets. As seen in Oncinocalyx, the outermost cell layer, which is analogous but not
homologous to the exocarp, consists of brownish, more thick-walled cells. In con-
trast to typical exocarp cells, present at the distal side of the same nutlet, these cells
lack indumentum and a distinct cuticle. Above this layer, there are occasionally
fragments of thin-walled cells which apparently belonged to a zone of dehiscence.

The internal walls between the chambers. Internal walls between chambers
of indehiscent fruits are usually rather simple in their anatomical structure. (1) In
some taxa, e.g., Dicrastylis and Caryopteris paniculata, the internal walls, which
constitute a part of the pyrene, apparently consist of a coherent sclerenchymatous
tissue. In accordance with JuneLL’s (1934) observations in ovaries of many apical-
styled labiates, Dicrastylis was found to have four vascular bundles in the centre
of the fruit. (2) The pyrene of Hymenopyramis has parenchyma in the centre of the
wall between the two carpels. (3) The fruit of Peronema has two pyrenes which
are separated by parenchyma. Along the centre of this wall, there is a structure
which resembles a zone of dehiscence.
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Cladistic analysis

A data matrix showing the pericarp characters in selected genera of Lamiaceae
was compiled. The few pericarp characters used in Cantino’s (1992 a) cladistic
analysis have here been excluded. Autapomorphies are included in order to dem-
onstrate monophyly of sinlge taxa (which often are composed of more than one
genus). The characters are listed in Appendix 2 and the matrix is reproduced in
Table 2.

The original set of taxa were selected to represent most of the variation in the
family. Genera which are consistent in pericarp characters were more often select-
ed than polymorphic ones. Due to difficulties with interpretation of homology
and/or lack of information about the presumably most informative pericarp char-
acters, the taxa that lack a characteristic sclerenchyma region have not been
included in the analysis. Genera that are identical in all the pericarp characters
(used in the Appendix 2) have been treated as a single taxon in the analysis.

The cladograms were rooted with the presumed closest relative, the family Ver-
benaceae s. str. as outgroup.

The data matrix was analysed using Sworrorp’s (1993) PAUP 3.1.1. program.
Cladograms were generated with the heuristics and 100 repetitions were made
using the random addition sequence option. The multistate character 12 was treat-
ed as ordered, but all the other characters were treated as unordered.

The first run with the entire data matrix yielded too many equally parsimonious
solutions, causing overflow in computer memory. Because of variation, character
conflicts and unknown character states, Acrymia, Aeollanthus, Caryopteris pani-
culata, Collinsonia, Eremostachys, Eriope, Holmskioldia, Hymenopyramis, Pero-
nema, Pycnanthemum, Skapanthus, Teijsmanniodendron and Trichostema
assumed different positions on the cladograms, causing excessive numbers of
solutions. Hence, these genera were excluded from the subsequent analyses.

The reduced data matrix yielded 108 equally parsimonious cladograms. The
consistency and retention indexes (Farris 1989), calculated without the exclusion
of autapomorphies, are 0.683 and 0.877, respectively. One of the cladograms is
shown in Fig. 6 and a semistrict consensus tree in Fig. 7 B.

The set of 108 cladograms involves two different arrangements of the genera
Vitex and Newcastelia, three different positions for the genus Callicarpa at the
base of the cladogram, two different arrangements within the Chloanthoideae-
clade (at node A) and eight different arrangements within the Nepetoideae-clade
(at node G), the latter partly due to a different position for the Glechoma-Lepechi-
nia-clade.

Phylogenetic discussion

Congruence between the pericarp cladogram and other phylogenetic trees.
As shown in the consensus tree (Fig. 7 A), the new cladogram based on pericarp
characters (Fig. 7 B) and Cantivo’s (1992 a) cladogram, which are based on anal-
yses of entirely different characters, show a rather high degree of congruence.
However, there are some conflicts between these two trees. The pericarp clado-
gram is less congruent with the rbcL tree by Ormsteap & al. (1993) and the mor-
phological and chemical tree by RimpLeER & al. (1992).
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Fig. 6. One of the 108 equally parsimonious cladograms obtained from analysis of taxa in
the data matrix in Table 2. Filled bar apomorphy; empty bar apomorphy with reversal or
additional steps higher up in the clade; crosses reversal; double lines parallelism (without
or with reversals or additional steps). '+ after the genus name indicates that the taxon in
the analysis comprises more than one genus. The names of the other genera in the taxon

are included in the Fig. 7 B
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The positions of the subfamilies Chloanthoideae, Teucrioideae, Viticoideae,
and Ajugoideae. Most members of Chloanthoideae, Teucrioideae, Viticoideae,
and Ajugoideae have a multi-layered sclerenchyma region consisting of star- to
stone-shaped cells, and in this respect these ‘apical-styled’ labiates agree with the
outgroup in the cladistic analysis, the Verbenaceae s. str. Other members of these
families (Caryopteris paniculata, Peronema, Hymenopyramis, Acrymia) which
are more or less intermediate between the above-mentioned taxa and the gynobas-
ic-styled labiates, had to be excluded from the cladistic analysis. Consequently,
these subfamilies emerge at the base of the cladogram (in Fig. 7 B), and the result
may be taken as support for the prevailing opinion that these apical-styled labiates
are comparatively ancestral.

Monophyly of the gynobasic-styled labiates. The large clade at node B (in
Fig. 7 B) is supported by the conditions of having the sclerenchyma region
reduced to one layer of bone-shaped sclereids. It contains the representatives of
the gynobasic-styled subfamilies Pogostemonoideae, Lamioideae and Nepetoi-
deae, and corresponds to Cantmvo’s (1992 a) clade of gynobasic-styled labiates.
The result contradicts the cladogram by Riverer & al. (1992) in which taxa of
Chloanthoideae are nested within the clade of the gynobasic-styled labiates. It
also contradicts the rbcL. trees by Oumsteap & al. (1993) in which the Neperoideae
emerge as a sister group to Callicarpa. Actually, however, the Nepetoideae agrees
with the apical-styled Callicarpa by having a differentiated exocarp, and in the
cladograms (Fig. 7 B) the similarity constitutes a parallelism. Trees in which the
Nepetoideae emerge as a sister group to Callicarpa are only one step less parsimoni-
ous than the ones in Fig. 7 B. Thus, the new data provide additional support for the
gynobasic-styled labiates as a monophyletic group, but not very strongly so, and
when consisdering the conflict with the chloroplast-DNA trees by Ormsteap & al.
(1993), the question about monophyly of the gynobasic-styled labiates remains
open.

Monophyly of the Nepetoideae, and the relationships within this subfamily.
The clade at node G (in Fig. 7 B) corresponds to Cantivo’s (1992 a) Nepetoideae
clade and contains the representatives of this subfamily. In addition to pericarp
characters, this subfamily is supported by differences in pollen, endosperm, rbcL,
and chloroplast DNA restriction site data (Erprman 1945, CantINO & SANDERS
1986, Cantino 1992 a, CHase & al. 1993, Waastarr, unpubl. data). Thus, subfam.
Nepetoideae apparently constitutes an extremely well corroborated monophyletic
group. Due to character conflicts, there is rather little resolution within the Nepe-
toideae-clade (in Fig. 7 B). Most of the small subclades essentially correspond to
tribes and subtribes defined by Bentram (1848), Briouer (1895-1897) and ErLiNG
(1948):

1) The group of Lepechinia and Chaunostoma which has a very distinctive type
of pericarp structure, corresponds to the tribe Lepechinieae sensu EpLinG (1948).

2) Hymenocrater and Drepanocaryum in Bentaam’s (1848, 1976) and BriQuET’s
(1895-1897) tribe Nepeteae fall in the subclade (at node H), which is supported by
having ‘mucilage buds’, Nepeta, which is polymorphic for ‘mucilage buds’ also
belongs to this tribe.

3) The subclade at node I contains Dorystaechas and Meriandra in the tribe
Meriandreae sensu BriQuer (1895-1897), and it is characterized by having crys-
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tals in the innermost layer of the mesocarp. Dorystaechas and Meriandra have the
posterior stamens reduced to staminodes. It may be worth mentioning that the
above-mentioned type of crystals has also been found in some of the material of
three other 2-staminate genera: Monarda, Rosmarinus and Salvia.

4) The two genera at subclade J (Prunella and Cleonia) were placed in the sub-
tribe Prunellinae by Briquer (1895-1897). The third genus in BriQuer’s subtribe,
Brazoria, is apparently extraneous and is now placed in the Lamioideae (by Can-
ivo & al. 1992). The present classification of Brazoria is also supported by peri-
carp characters (Ryping 1994 b).

5) The subclade at node K contains genera of Ocimeae subtribe Plectranthinae.
Most of the members of this subtribe (including the ones which are not included
in the analysis) share the character states of the clade, i.e., the presence of a plate
in the mucilaginous cells (see Table 1). However, Alvesia and the most divergent
member of the subtribe, the genus Aeollanthus, diverge in various respects.

The Lamioideae and Pogostemonoideae, monophyly and relationships
within this group of subfamilies. In Cantivo’s (1992 a) cladogram, Pogostemo-
noideae and Lamioideae fall in separate clades, in a Pogostemonoideae- and a
Lamioideae-clade. Together the two clades form a paraphyletic group in which the
Nepetoideae is nested. In Cantivo’s (1992 a) analysis which mainly focuses on the
more ancestral part of the family, the Lamioideae are represented by comparative-
ly few genera, and if a larger sample is made, some of the character states support-
ing the Lamioideae as a monophyletic group will break down. For example many
of the Lamioideae agree with the Pogostemonoideae by having an almost flat
upper lip of the corolla. According to RubarL & Crark (1992), the contention that
the embryo sac shape with the micropylar lobe much longer and broader than the
chalazal lobe represents a synapomorphy for Bentham’s Lamieae and Prasieae
(excluding Anisomeles and Scutellaria) is an over-simplification. In the pericarp
cladogram (Fig. 7 B) as well as in the rbcL trees by Cuase & al. (1993) and Orm-
steaD & al. (1992, 1993), the two subfamilies form one clade. In the pericarp cla-
dogram, the representatives of Lamioideae and Pogostemonoideae are both nest-
ed into each other. Whereas Pogostemon, Colebrookea (in Pogostemonoideae)
and Craniotome (in Lamioideae) emerge at the unresolved base of the Lamioi-
deae-Pogostemonoideae-clade, Anisomeles in the Pogostemonoideae and several
Lamioideae form a subclade (at node D). Most genera of the Lamioideae (of
which many were not included in the analysis) possess the character state of this
subclade, the condition of having the lumen enlarged at the apex of the bone cells

Fig. 7. A A semistrict consensus tree between Cantivo’s (1992 a) strict consensus tree and
the strict consensus tree based on pericarp characters (see B). Branches which only are
represented in one of the trees are drawn with dashed lines. Other branches are drawn with
ordinary lines. B Semistrict consensus tree of 108 equally parsimonious cladograms
obtained from analysis of taxa in the data matrix in Table 2. Branches which only occur in
some of the trees are drawn by dashed lines, and the percentage of the total number of
trees in which they occur is indicated by figures. Other branches (which also are present
in a strict consensus tree) are drawn with ordinary lines. The letters in bold indicte clades
discussed in the text. The subfamily according to the subfamilial classification by Canti-
No & al. (1992) is given after the names of the taxa
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(Table 1). The similarity in pericarp structure between the Leucosceptrum-group
in Pogostemonoideae and Achyrospermum in Lamioideae (genera which were not
included in the analysis, see below) also conflicts with the present delimitation of
the two subfamilies. Thus, together, the Lamioideae and Pogostemonoideae may
well form a monophyletic group, but the abandonment or recircumscription of the
Pogostemonoideae as a taxonomic unit should be seriously considered.

The subclade at node E contains the Hawaiian Phyllostegia and Stenogyne. The
third indigenous labiate genus on these islands, Haplostachys, resembles the first
two genera in pericarp characters, and as mentioned by Rypivg (1994 ¢), the simi-
larities support the prevailing opinion that these three genera have originated from
a single colonist.

The subclade at node F is supported by the presence of thick-walled usually
large-pitted cells in the exocarp. This type of differentiated exocarp is frequent in
the European, African and West Asiatic members of the subfamily, and is rare in
East Asiatic, Pacific, and American members.

Relationship between some genera with conic exocarp cells. The genera in
the clade at node A belong to the Chloanthoideae, but several other members of
this subfamily lack the character state of this clade, the condition of having conic
to hair-shaped exocarp cells. The character was not used in Cantivo’s (1992 a) and
Conn’s (1992) cladistic analyses, but it supports their clade of Hemiandra, Hemi-
genia, Microcorys, and Westringia.

Relationships between some taxa with a reticulum formed by mesocarp
cells. The nutlets of Chloanthes and Pityrodia bartlingii have a reticulum which is
formed by the mesocarp. This character state may provide additional support to
Cantivo’s (1992 a) clade of Chloanthes, Hemiphora and Pityrodia (p.p.), but the
true nature of the pericarp reticulum in Hemiphora and some other Pityrodia spe-
cies remains to be investigated.

The relationship between the Ajugoideae and the gynobasic-styled labiates.
According to Cantino’s (1992 a) cladogram, the Ajugoideae may constitute the
closest relatives of the gynobasic-style labiates. The finding of almost bone-
shaped sclereids, suggests that Acrymia may be particularly close to the gynobas-
ic-style labiates. The finding of almost bone-shaped sclereids suggests that Acry-
mia may be particularly close to the gynobasic-styled labiates.

The position of the genus Holmskioldia. Briquer (1895-1897) placed Holm-
skioldia in subfam. Viticoideae, but Cantivo & al. (1992) moved the genus to the
Scutellarioideae. The additional pericarp characters provided in this study suggest
that Holmskioldia either belongs to Viticoideae or forms a connecting link
between the Viticoideae and the Scutellarioideae, the latter in agreement with
Cantino’s (1992 a) cladogram.

The position of the genus Eurysolen. The systematic position of Eurysolen is
an open question. Wu (1959) and some other authors placed the genus in Ajugoi-
deae, but CHErRMSIRIVATHANA (1963) discovered that the genus deviates from Aju-
goideae by having a small instead of a large scar on the nutlets, and Cantmvo & al.
(1992) suggested Lamioideae or Pogostemonoideae. However, the apparent pres-
ence of stone- to star-shaped cells in the sclerenchyma (see Table 1) disagrees
with that of the gynobasic-styled labiates and agrees with Ajugoideae (and other
apical-styled labiates).
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Polyphyly of the genus Caryopteris. The two species of Caryopteris investi-
gated, C. incana and C. paniculata, are strongly divergent in pericarp characters
(see Table 1). These differences provide additional support to the suggestions of
Cantivo (1992 a), Riverer & al. (1992) and Asu-Asae & al. (1993) that the genus
is paraphyletic or polyphyletic.

The positions of genera which lack a sclerenchyma region in the pericarp.
As shown in the cladogram (Fig. 7 B), the characters of the sclerenchyma region
are particularly consistent and useful in the study of phylogeny of the labiates.
Due to the lack of such characters and uncertainties about the homology of other
layers (see above under this heading), taxa which lack a typical sclerenchyma
region could not be included in the analysis. Nevertheless, the information provid-
ed by the pericarp characters may still be very useful in the study of the phyloge-
ny. In addition to the apparent absence of a sclerenchyma region, several of the
taxa agree by having fibre-shaped and/or elongate cells with a large-pitted or sca-
lariform wall thickening in the mesocarp. However, the fact that the same taxa
often show great differences in gross morphological characters suggests that the
similarities in pericarp structure often may be the result of a convergent evolution.
When considering the overall resemblance, the taxa without a sclerenchyma
region may form about six groups:

1) The first group belongs to subfam. Scutellarioideae. Tinnea, Renschia, and
Scutellaria agree by having the following pericarp characteristics represented in at
least some of their species: tubercles formed by additional mesocarp cells; glands
on the endocarp; crystals in the mesocarp; and cells with a scalariform wall thick-
ening in the mesocarp; fibres in the mesocarp (in Tinnea and Renschia). The
unique type of hair-like sclereids, recorded in Scutellaria tournefortii, may corre-
spond to the long sclereids which form the spectacular wings in the nutlets of
Tinnea.

2) Although Achyrospermum, Leucosceptrum, Comanthosphace, and Rostrinu-
cula have been placed in two different subfamilies (Lamioideae and Pogostemo-
noideae), these four East Asiatic (and African) genera may be closely related.
They agree by having large-pitted to scalariform cells and druses in the mesocarp,
very broad bracts and a very short upper lip of the corolla. In contrast to the claims
by Bruce (1936), the East Asiatic Colquhounia does not resemble Achyrosper-
mum, either in pericarp structure or in other characters.

3) Chelonopsis, which has fibres in the mesocarp belongs to the Lamioideae
and may be related to Achyrospermum and the Leucosceptrum-group. The same
may also apply to Bostrychanthera, which lacks such cells. Gomphostemma,
which has bone- to fibre-shape sclereids and often has a short upper lip of the
corolla, may be transitional between Chelonopsis and some of the members of the
Pogostemonoideae-Lamoideae-group such as Pogostemon, Colebrookea or Cra-
niotome.

4) The genus Leucas (subfam. Lamioideae) apparently shows an evolutionary
trend towards reduction of the bone cells (Rypive 1993 b). Whereas some Leucas
have typical bone cells of the Lamioideae-type, other species of this genus have
thin or obsolete cells in the sclerenchyma region. The Leonotis and Acrotome,
which have thin or obsolete sclereids, may well have evolved from Leucas with
similar cells (Ryping 1993 b).
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5) The situation in the group of Phlomis and allied genera (subfam. Lamioi-
deae) resembles the one of the Leucas-group. Whereas Phlomis has or lacks typi-
cal bone cells, Eremostachys and Lamiophlomis have obsolete sclereids or lack
such cells completely.

6) Caryopteris incana in subfam. Teucrioideae also lacks a sclerenchyma
region.

Future research

The systematic value of pericarp characters is apparently greatest above genus
level, but in some cases the variation in these characters has been found useful
within genera, e.g., Plectranthus and Leucas studied by Rypme (1992 a, 1993 b).
Great differences between the few species studied suggest that pericarp characters
may also be very useful in the study of the following genera: Caryopteris, Clero-
dendrum, Gomphostemma, Monarda, and Phlomis.

According to Cantivo (1992 a), his cladogram should be considered as a pre-
liminary study of the phylogeny of the labiates. Rivpier & al. (1992), OLmsTEAD
& al. (1993) and the present study of the pericarp have provided additional sets of
useful characters. Investigations of the chloroplast DNA genes rbcl. and ndhF
(Wagstarr & al. 1993) are ongoing. According to Barrert & al. (1991), an analy-
sis which combines all data would provide a better hypothesis about the phyloge-
ny than a consensus tree (such as the one in Fig. 7 A). When more data have
become available, the aims will be to perform such an analysis which hopefully
will provide a greatly improved understandithe phylogeny of the labiates.

This study was mainly performed at the Department of Systematic Botany, University
of Uppsala, Sweden. Most of the material in this study has been obtained from UPS. Study
visits have been made to the herbaria C, K, and S, and material from E, GH, and K have
been obtained on loan through the agency of Dr R. Mogera at UPS. I wish to thank the
Directors, Curators and other staff at these herbaria.
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 Appendix 1. Abbreviated collection data for voucher specimens. Herbarium abbreviations
follow Hormoren & al. (1990). Acanthomintha ilicifolia A. Gray: USA, California, Lewis
& Rose 32227 (UPS). Achyrospermum radicans Gurke: Tanzania, Kis & al. 91168 (UPS).
A. schimperi (Hocnst. Ex Brig.) Perkins: Kenya, Peroue & Kisua 8409 (UPS). Acinus alpi-
nus (L.) Moencu: Austria, Rypivg 961 (UPS). Acrymia ajugiflora Prain: Malaysia, MeL-
viLLe 4747 (K). Aegiphila pendula Movpenke: Ecuador, AseLunp 18677 (UPS). Agastache
urticifolia (Bentn.) Kuntze: USA, Washington, Tureson s.n. (UPS). Ajuga integrifolia
Buch.-Hawm. var. canescens (Bentn.) Curob.: Eritrea, Rypivg 1367 (UPS). Alajja rhombo-
idea (BentH.) Ikonn.-GaL.: India, Stewart 2698 (E). Amasonia hirta Bentu.: Brazil, Ama-
pa State, Prres & Cavarcante 51993 (S). Ballota africana (L.) Benta.: South Africa, DreGE
s.n. (UPS). B. frutescens (L.) Woobs: unknown (UPS). Blephilia ciliata (I..) Rar.: USA,
Ohio, Herb. Tuckerm (UPS). Bystropogen canariensis (L.) L’Hgr.: Canary Islands, Tene-
riffa, Tuieren s.n. (UPS). Callicarpa americana L.: USA, Louisiana, MoLDENKE 726
(UPS). C. japonica Tuuns.: Japan, Tokyo, Yarase s.n. (UPS). Caryopteris incana (Trung.)
Miq.: China, illegible 3847 (UPS). C. paniculata C. B. Crarke: Bhutan, LupLow & al.
18635 (UPS). Cedronella canariensis (1..) Wess & BerroL: Madeira, O. DAHLGREN s.0.
(UPS). Chamaesphacos ilicifolius Scuarenk: Kazakhstan, unknown (UPS). Chaunostoma
mecistandrum Don.-Sm.: Mexico, Marupa 3915 (GH). Chloanthes coccinea BarTL.: Aus-
tralia, Western Australia, Recainger 9113 (S). Cleonia lusitanica (L.) L.: Algeria, Faure 8
(UPS). Clerodendrum cephalanthum Ovwv.: Tanzania, Borum: & al. 82153 (UPS). C.
myricoides (Hocust.) Varke: Kenya, Harmsen 6528 (UPS). Collinsonia canadensis 1.
USA, Washington D.C., Seaman s.n. (UPS). Colquhounia coccinea WaiL.: Nepal, PoLunin
& al. 5079 (UPS). Congea tomentosa Roxs.: Burma, Kinepon Warp 20514 (UPS). Conra-
dina canescens A. Gray: USA, Morpenke 1133 (K). Cornutia pyramidata L.: Trinidad,
Harr 1949 (UPS). Craniotome forcata (Link) Kuntze: Nepal, Stamvron 1773 (UPS). Cumi-
nia eriantha (Benta.) Benth, var. fernandezia (Coria) Hariey: Chile, Juan Fernandez
Islands, BertErRO 1490, (S). Cunila incisa Benrn.: Brazil, Dusen 17818 (S). C. origanoides
(L.) Bentr.: USA, New Jersey, A. Gray s.n. (UPS). Cyanostegia angustifolia Turcz.: Aus-
tralia, Western Australia, Pritzer 880 (S). Cyclotrichium stamineum (Bowss. & Houen.)
ManpEN, & ScHENG. (syn. Micromeria staminea Boiss. & Houen): Iraq, Kurdistan, Korscuy
311 (S). Cymaria acuminata Decne.: Philippines, Cuominguam 446 (UPS). Dicerandra fru-
tescens Sunners: USA, Florida, Tearer & al. 110 (S). Dicrastylis verticillata Brack.: Aus-
tralia, Queensland, ANpERBERG & ANDERBERG 7130 (S). Diodeilis coccinea (Nutr. ex Sm.)
Rar.: Brazil, Rio de Janeiro State, Graziou 6663 (C). Dorystaechas hastata Boiss. &
Hevpr.: Turkey, Davis 13948 (K). Drepanocaryum sewerzowii (RecesL) Porark (syn. Nepe-
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ta sewersowii ReceL): Uzbekistan, KnorrinG 99 (S). Duranta erecta L. (syn. D. repens L.):
Thailand, Bangkok, Zmmverman~ 11 (S). Elsholtzia ciliata (Tuune.) Hyr.: Poland, Jasiz-
wicz & PiEkos 167 (UPS). E. flava (Benta.) Bentu.: China, Szechuan, H. Smirn 13518
(UPS). Eremostachys molucelloides Bunae vel. sp. aff.: China, Sinkiang, Herb. Acad. Pet-
rop. (UPS). Eriophyton wallichianum Benta.: India, Lepscua s.n. (K). Eurysolen gracillis
Pram: Indonesia, Rosivson & Kross s.n. (K). Galeopsis segetum Necker: Germany, Rein-
land-Pfalz, Kacueser 82-2513 (UPS). Gardoquia glabrata Kunta.: Ecuador, AspLunp
17961 (UPS). Garrettia siamensis FLercuer: Indonesia, Java, Jacoss 4726 (K). Glechon
ciliata BenTH.: Brazil, ReoNELL 8.1. (S). Glossocarya siamensis Crais.: SE Asia, PiErrE s.n.
(S). Gmelina arborea Roxs.: cult. in Malawi, Brummrrr 12133 (UPS). Hedeoma molle
Torr.: USA, Texas, Havarp s.n. (UPS). Hemiandra incana Barri.: Australia, Western
Australia, Prrrzer 1001 (S). Hemigenia purpurea R. Br.: Australia, New South Wales,
Mavurrtzon & BLakery s.n. (S). Hesperozygis myrtoides (Benta.) Epuing: Brazil, Rio de Ja-
neiro State, Dusen s.n. (S). Heterolamium debile HemsL.: East Asia, WiLson 4348 (K).
Hoehnea epilobioides ErLing: Paraguay, Hassier 6847 (S). Holmskioldia sanguinea Rerz.:
Mexico, Veracruz, Marino Rosas 71 (UPS). Hymenocrater bituminosus Fisca. & E. MEy.:
Iran, RecrinGer 312 (S). Hymenopyramis brachiata WaLL.: Asia, unknown (UPS). Hypo-
gomphia turkestana Bunce: Kazakhstan, Krascueninwwov 5127 (S). Kalaharia uncinata
(Scrinz) Mowp.: Zaire, Tuiesaut 609 (C). Karomia tettensis (Kruorzscu) R. Fern.: Malawi,
Southern Region, Brummirr 8882 (UPS). Keiskea japonica M.: Japan, Musashi Prov-
ince, Furese s.n. (S). Kurzamra pulchella (D. Cros.) Kunze: Chile, Atacama Province,
WERDERMANN 957 (S). Lagochilus ilicifolius Bunce Ex Benta.: China, Mongolia, ANDERssON
738 (S). L. pungens ScHreNk: Asia, Kurokinger s.n. (UPS). Lagopsis supina (STePH.)
Ixonn.-GaL. (syn. Marrubium incisum Benta.): China, Hupeh Region, Beacu 17 (UPS).
Lamiophlomis rotata (Benta. ex Hook. {.) Kupo: China, Tibet, Kina 115/4 (UPS). Lamium
eriocephalum Benta.: Turkey, Kotscuy 210 (UPS). Lantana camara L.: Madagascar,
ArzeLos s.n. (UPS). Leocus lyratus A. Cugv: Sierra Leone, Morton 2595 (K). Lepechinia
betonicaefolia (Kunta.) Epruing: Ecuador, Asprunp 6646 (UPS). L. calycina (BENTH.)
ErLing: USA, California, Crokey 5044 (UPS). L. chamaedryoides (BaLris) ErLivg: Chile,
Houenacker 707 (UPS). L. graveolens (Rec.) EpLiNG: Argentina, Tucumén Prov., MEYER
13988 (UPS). L. mutica Eruing: Ecuador, Searre 16111 (UPS). Loxocalyx urticifolius
Hewmsw.: East Asia (K). Marmoritis pharica (PraiN) CLement: Nepal, Stainton & al. 7255
(BE). Marrubium alysson L.: Spain, Lorez & al. s.n. (UPS). M. parviflorum Fiscu & C. A.
Mey.: Armenia, Grossuem 10 (UPS). Melittis melissophyllum L.: Mediterranean, SANGER-
HAUSEN 8.1, (UPS). Meriandra bengalensis (Konig x Roxs.) Bentu.: Eritrea, Pappr 1538
(S). Microcorys barbata R. Br.: Australia, Western Australia, Strip 22432 (S). Microme-
ria juliana (L.) Bent. ex Reicuens.: Greece, Corfu Island, Rypwva 2297 (UPS). Microtoe-
na delavayi PraiN: China, Forrest 15144 (K). Minthostachys mollis (Kunta.) GRISEB.:
Argentina, Cordoba Prov., Hieronymus 5189 (UPS). M. tomentosa (Benta.) ErLiNg: Ecua-
dor, AseLunp 7200 (UPS). M. verticillata (Grises.) ErLing: Argentina, Tucumadn Prov., Ris-
so 581 (UPS). Moluccella laevis L.. Turkey, Korscuy s.n. (UPS). M. spinosa L.: Italy,
Gurrmvo s.n. (UPS). Monardella odoratissima Benth.: USA, Oregon, T. HoweLL s.n.
(UPS). Mosla punctulata (J. F. GumeL.) Nakar: Japan, Onwr 113 (UPS). Nepeta azurea R.
Br.: Eritrea, Rypivg 2054 (UPS). Newcastelia cephalantha F. MueLL. var. cephalantha:
Australia, South Australia, Donner 5363 (UPS). Notochaete hamosa Benth.: India, Drum-
monp 1904 (k). Ocimum circinnatus Paron: Somalia, Tauiv & Aspr Danrr 6524 (UPS).
Oncinocalyx betchei F. MueLL.: Australia, New South Wales, Bourman s.n. (UPS). Oxera
oblongifolia Vieny.: New Calendonia, SkortsserG 219 (S). Paraphlomis javanica (BLUME)
Prav (syn. P. rugosa Benth.): Sabah, Havianp 1228 (K). Paravitex siamica FLETCHER:
Thailand, Kerr 19329 (C). Perilla frutescens (1..) Brirt.: China, H. Smira 696 (UPS). Per-
illula reptans Maxm.: Japan, Kyushu Prov., T. Makivo 37181 (S). Peronema canescens
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Jack.: Indonesia, Java, unknown (UPS). Perovskia abrotanoides Kir.: India, Herb. India
Orient. Hook. F. & Troumson s.n. (S). Petitia domingensis Jacq.: Bahamas, Kurtiss 136 (K).
Phlomiodeschma parviflorum (Benta.) Vvep. (syn. Stachys parviflora Benta.): Afghani-
stan, Herb. Grirrite 4032 (S). Phlomis crinita Cav.: Spain, Valencia, Vicroso (UPS). P.
setifera Bur. & Francu. (syn. P. megalantha Diers): China, Shansi Prov., H. Smrru 7321
(UPS). Phyla nodiflora (L.) Greene: Tanzania, Muoro & Backgus 1973 (UPS). Piloblephis
rigida Rar.: USA, Florida, Divers 4 (K). Pitardia nepetoides Bart. Ex Prrarp: Morocco,
JananoEz 45 (C). Pityrodia bartlingii (Lenm.) Benth.: Australia, Western Australia, Wai-
BLEY 4908 (UPS). P. loxocarpha (E. MuELL.) Druce: Australia, Western Australia, CHINNOCK
3833 (UPS). Pogogyne douglasi Bentn.: USA, California, Skorrtseers s.n. (UPS). Polio-
mintha incana (Torr.) Gray: USA, Utah, Hoimeren & al. 2043 (S). Pycnanthemum inca-
num (L.) Mrcax.: USA, Washington D.C., illegible (UPS). P. virginicum (L.) Duranp &
Jackson: Canada, Ontario, Brerrune & Dore 9296 (UPS). Premma resinosa (Hocust.)
Scuau: Kenya, Larsson 32 (UPS). Renschia heterotypica (S. Moore) Varke: Somalia,
North, Taurix 4264 (UPS). Rhabdocaulon denudatus EpLing: Brazil, Minas Gerais State,
Winoren s.n. (UPS). R. lavanduloides (Benti.) ErLivg: Brazil, Minas Gerais State, ReGNerL
1/325 (UPS). Rhododon ciliatus (Bentn.) ErLing: USA, Hawr 443 (K). Rosmarinus officin-
alis L.: Portugal, Rypivg 428 (UPS). Roylea cinerea (D. Don) BamL.: Nepal, PoLunin & al.
837 (UPS). Saccocalyx satureioides Coss. & Dur: Algeria, illegible (UPS). Schizonepeta
tenuifolia (Benth.) Brig.: Japan, Tocast 1519 (UPS). Scutellaria mexicana (Torrey) Paton
(syn. Salazaria mexicana Torrey): USA, Nevada, CLokey 4687 (UPS). Sideritis incana L.
subsp. glauca (Cav.) MaLac.: Spain, Alicante, Dorrer 609 (UPS). Spartothamnella juncea
(A. cunny Ex Warr.) Brio.: Australia, New South Wales, Boorman s.n. (S). Stachydeoma
graveolens SmaLL: USA, Florida, Goprrey 62494 (UPS). Stachyopsis oblongata (SCHRENK)
Porov & Vvep.: Turkemenistan, ReceL s.n. (UPS). Stachys aculeolata Hook. f.: Kenya,
Verpcourt 2060 (UPS). S. hildebrandtii Vatke: Somalia, North, Bairy & Merviie 15931
(UPS). S. micheliana Briq.: Ecuador, Aserunp 18493 (UPS). Stachytarpheta cayennensis
(Ricu.) M. Vanr: Argentina, Formosa, MoreL 22X (UPS). Suzukia luchensis Kuno: Japan,
Ryukyu Islands, Furese 4552 (K). Tectona grandis L. f.: cult. in Tanzania, Hucuss 96
(UPS). Teijsmanniodendron pteropodum (Miq.) Baker.: Indonesia, Sumatra, Soerapmo 43
(UPS). Tetraclea coulteri A. Gray: USA, Texas, Havarp s.n. (UPS). Teucridium parvifoli-
um Hoox. f.: New Zealand, Berceren s.n. (S). Thuspeinantha brahuica (Boiss.) Brig.: Iran,
Khorasan Prov., Recancer 4350 (S). Tinnea aethiopica Korscay ex Hook. f. subsp. aethi-
opica: Kenya, Fries & Frigs 279 (UPS). T. gracilis Gurke: Tanzania, Bicoop & al. 1084
(UPS). Trichostema brachiatum L. (syn. Isanthus coeruleus Micux.): USA, Ohio, SuLLi-
vant s.n. (USA). T. dichotomum L.: USA, Missouri, Stevermark 65053 (UPS). Tsoongia
axillariflora Merr.: Vietnam, Tsanc 30314 (UPS). Verbena stricta Vent.: USA, Illinois,
Asuris s.n. (UPS). Vitex agnus-castus L.: France, Corsica, Deseaux 242 (UPS). Viticiprem-
na philippinensis (Turcz.) H. J. Lam: Philippines, Wenzer 3430 (C). Westringia ridiga R.
Br.: Australia, New South Wales, Fraser s.n. (UPS). Wiedemannia orientalis Fiscu. & C.
A. Mey.: E Turkey or N Iraq, Bainsa 1175 (UPS). Wrixonia prostantheroides F. MUgLL.:
Australlia, Western Australia, Conn & Scorr 3253 (E). Xenopoma bolivianum (Benth.)
Grises. [Syn. Satureja boliviana (Benti.) Briq.]: Bolivia, Steivsacu 8458 (S). Zhumeria
majdae RecH. f. & WenpELBO: Iran, WenpeLBO & Foroucnr 15731 (E).

Appendix 2. Characters used in the cladistic analysis of Lamiaceae. The numbers of
the characters correspond to the data matrix in Table 2.

The exocarp. 1. Excocarp cells neither sclerenchymatous nor vertically elongate or
conic (0); exocarp cells very elongate vertically, forming a flesh layer (1); exocarp cells
all thick-walled and with parallel pit canals at the apex (2); exocarp cells sclerenchyma-
tous but without pit canals (3); exocarp cells all high conic or forming short hairs (4). 2.
Nutlets not mucilaginous (0); nutlets mucilaginous (1). Data on presence or absence of



140 , O. Rypmna:

Table 2. Data matrix for selected genera of Lamiaceae. The characters are listed in Appen-
dix 2. A the states O or 1; B the states O or 2; C the states 0 or 3; D the states 1 or 2; E the
states 1 or 3; F the states 2 or 3; G the states 1 or 5; ‘" inapplicable character

Outgroup 0000000000
Acrymia 000000BOO1
Aeollanthus 01120AB0OO0O1
Ajuga 0000000000

Anisomeles, Physostegia
Basilicum

0000000001
010D003001

Becium 010D01B0OO1
Callicarpa 000DO0O0OO0OA30
Capitanya 0112000021
Caryopteris paniculata 000000000A
Cleonia 010D0O07011
Colebrookea 000000B-01
Craniotome 0000000001
Dicerandra 0101000-01
Dicrastylis 400000G000
Drepanocaryum 0101100001
Eiope 010DO0O0OCA 01
Fuerstia 010D013101
Glechoma 010000C101
Hemiandra 400000B-00
Holmskioldia 0000004001
Hymenocrater 0001100001

Hymenopyramis

0000006001

Lallemantia 01010AC 001
Lepechinia, Cahunostoma 2000003101
Melissa 010D00C101
Melittis 0004010001
Meriandra 000D0O0O3011
Moluccella 0003010001
Neohyptis 011200C001
Newcastelia 0000008000

Galeopsis, Otostegia, Isoleucas
Oxera

0003000001
0000000000

Perilla 0004000001
Peronema 000000010A
Phyllostegia 00000050C1
Pogostemon 0000000001
Prasium 1000000001
Prunella 010D0O07A11
Pycnanthemum 000100B-01
Pycnostachys 011220C021
Skapanthus 000DO0O03A11
Solenostemon 011200C021
Stenogyne 0000005001
Teijsmanniodendron 0000006000
Teucrium, Oncinocalyx 00000600000
Trichostema 000000B0OO0O
Vitex 0000004000

Westringia, Hemigenia

4000000000
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myxocarpy are mainly taken from Rypine (1992 b, 1993 a, b). Assuming that a character
of this type is more easily lost than gained, polymorphic genera are coded for the presence
of myxocarpy. 3. Exocarp cells without a peltate plate (0); mucilaginous exocarp cells
with a peltate plate (1). The data on this character are taken from Rypng (1992 a). 4. Exo-
carp cells all similar except for presence of hairs or glands (0); exocarp with two cell
types, a pale type, and a darker, angular to asteroid, much smaller type which surrounds
the pale cells (1); exocarp with two cell types, a pale type, and a darker, angular to aster-
oid, slightly smaller type which forms small groups surrounded by the pale cells (2); exo-
carp with two cell types, a thin-walled type and thick-walled, usually distinctly pitted, sca-
lariform or reticulate type (3); exocarp with two cell types, a vertically short type, and a
vertically longer type which forms ridges on a reticulate nutlet surface (4). 5. Exocarp
without ‘mucilage buds’ (0). Exocarp with ‘mucilage buds’ (1); exocarp with ‘upside-
down’ mucilage (2). 6. Exocarp cells without starch grains (0); exocarp cells with starch
grans (1).

The mesocarp. 7. Mesocarp of two to several similar parenchymatous cell layers (0);
mesocarp of stone cells only (1); mesocarp of one cell layer of similar parenchymatous
cells (2); mesocarp of two to several parenchymatous cell layers, the innermost layer dif-
fering by being colourless or violet (3); mesocarp of three to several parenchymatous cell
layers, the two or three innermost layers differing by being colourless or violet (4); inner
layers of the mesocarp sclerenchymatous, outer parenchymatous (5); mesocarp parenchy-
matous with solitary sclereids and groups of sclereids scattered throughout (6); mesocarp
with sclerenchymatous layer(s) above a parenchymatous inner most layer (7); all meso-
carp cells with a scalariform wall thickening (8). 8. Innermost cell layer of the mesocarp
about as thick or thinner than the outer cell layers (0); innermost cell layer of the meso-
carp much thicker than the outer layers (1). In taxa which only have one layer of mesocarp
cells, this character is scored missing. Taxa with the two innermost cell layers thicker are
also coded with ‘-’. 9. Mesocarp without crystals and druses (0); mesocarp with prismat-
ic crystals in the innermost layer, without druses (1); mesocarp with prismatic crystals in
the second innermost layer and/or in the layers above, without druses (2); mesocarp with
druses (3).

The sclerenchyma region. 10. Sclerenchyma region of two or more cell layers (0);
sclerenchyma region of a single layer (1). 11. Sclereids of the sclerenchyma region star to
stone-shaped (0); sclereids bone-shaped (1). 12. Sclereids with the luminar cavity placed
distinctly below the centre of the cell, with distinct pit canals at the cell apex (0); sclereids
with the luminar cavity placed at the centre or above the centre of the cells but separated
from the cell apex by a thick cell wall, with distinct or obsolete pit canals at the apex (1);
sclereid with the luminar cavity reaching the cell apex, with a thin apical cell wall (2). 13.
The cells of the sclerenchyma region containing crystals (0); the cells of the sclerenchyma
region lacking crystals (1).

The endocarp. 14. Endocarp cells sclerenchymatous (0); endocarp cells parenchyma-
tous or almost so (1). 15. Endocarp cells distinctly pitted or with scalariform or reticulate
wall thickening (0); endocarp cells with a smooth cell wall or almost so (1).



