
Comparative carpological study of Poikilospermum (Urticaceae)
in relation to taxonomy
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Summary. Fruit morphology and the anatomical structure of the pericarp, fruiting perianth, and seed coat were
studied in 15 species of Poikilospermum, a genus whose position within the Urticaceae has long been controversial.
Possible evolutionary trends of their transformation are suggested for both subgenera; plesiomorphies were found
in P. oblongifolium and P. scabrinervium. Structural peculiarities of the fruit connected with its ejection out of the
tubular perianth are discussed. The archaism of the fruit in Poikilospermum is revealed, indicated, as in Boehmeria, by
the presence of the rudiment of an aborted carpel in the form of a large two-lobed rib. Using carpological
anatomical characters, the species studied are classified into informal groups, such characters being able to pull
the species within the subgenera into rough groupings where gross morphology has been unable to do so. It is
shown that heterobathmy may be strongly associated with the genus Poikilospermum. Each subgenus has its own set
of primitive carpological characters: in subgenus Poikilospermum the absence of a fruiting perianth which encases
the fruit, and also of capitate inflorescences with swollen receptacles; in subgenus Ligulistigma remnant rudiment
of the second carpel and ovary loculus, as well as a primitive, less simplified seed coat. Though the position of
Poikilospermum as indicated by molecular data is within Urera, our results suggest that Dendrocnide (the only genus of
the Urticeae that has a pyrenarium fruit type) may be closest to Poikilospermum, although the pericarp structure and
dissemination behaviour in Poikilospermum are more specialised than those exhibited by Dendrocnide. Seed coat
structure is also shown to exhibit traits seen in Moraceae.

Key Words. dispersal, evolution, fruit and seed anatomy, taxonomy, Urticeae.

Introduction
The genus Poikilospermum Zipp. ex Miq., found in
Indo-Malesian regions of the Old World tropics,
numbers approximately 20 species (Chew 1963). It is
interesting in relation to its uncertain systematic
position, unusual habit (hemi-epiphytic woody
scramblers) and certain unusual mechanisms for
dissemination. A combination of characters from both
Urticaceae and Moraceae has been noted in
Po ik i l o sp e rmum ( for ins tance , Chew 1963 ;
Grudzinskaya 1980). Moraceous traits are found main-
ly in the structure of vegetative organs, whereas
Urticaceous ones are found in reproductive organs.
Nevertheless, among the reproductive parts there are
also characters in accord with Moraceae: erect fila-
ments of stamens in bud (in subgenus Ligulistigma),
swollen peduncular receptacles similar to those of
Artocarpus and mucilage localisation in the mesocarp
instead of the exocarp (Berg 1977, 1978; Kravtsova
1995). C. C. Berg (1978) included the genus

Poikilospermum in the new family Cecropiaceae
C.C.Berg, intermediate between Urticaceae and
Moraceae, where it occupied an isolated position.
More recently, molecular data (Monro 2006; Hadiah
et al. 2008; Wu et al. 2013; Kim et al. 2015) has
confirmed the opinion of many authors (Weddell
1856 – 1857; Winkler 1922; Chew 1963; Wang & Chen
1995; Chen et al. 2003) that its position should lie
within the Urticaceae. However, even with the addi-
tion of such molecular evidence it has still proved
difficult to find a place for the genus within this family.
According to macromorphological traits it is placed in
the tribe Boehmerieae (e.g. Weddell 1856; Wang &
Chen 1995; Chen et al. 2003); by wood anatomy it is
similar to genera from different tribes — Nothocnide
(Boehmerieae) and Urera (Urticeae); by the anatom-
ical structure of the leaves it is close to the tribes
Urticeae and Lecantheae (Bigalke 1933) and by the
results of molecular systematics to either the clade
uniting Lecantheae and Urticeae (Monro 2006), to
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the Urticeae (Hadiah et al. 2008) or to the genus Urera
(Wu et al. 2013; Kim et al. 2015). The results of Wu
et al. (2013) whilst showing that Poikilospermum is
nested within Urera, concluded that further research
on generic relationships within this morphologically
variable clade (Clade 3F) is needed. Maximum-
parsimony and maximum-likelihood approaches (Wu
et al. 2015) suggest reversions of two characters in
Poikilospermum: namely the loss of stinging hairs and
the change from “oblique” achenes to straight ones.

In fruits of many Urticaceae species two sides of the
ovary grow unequally; as a result, the style becomes
displaced to the side of one of the two marginal ribs of
the laterally flattened fruits (Fig. 14D, F). H. A.
Weddell (1856 – 1857) used the term "oblique" to
describe such fruits. Quite often the fruit stipe has also
moved to the same side (Fig. 14F). The character of
straight or oblique achenes was used to delimit genera
within the tribe Urticeae (Weddell 1856 – 1857; Friis
1993; Deng et al. 2013). It was later shown that in the
Urticaceae and allied families the fruit are
pseudomonomerous, two-carpellate, the sterile carpel
being more or less suppressed (Bechtel 1921; Eckardt
1937; Berg 1989). The existence of this suppressed
carpel, sometimes supplied with a dorsal vascular
bundle (Fig. 16B), largely explains the development
of oblique fruits.

Poikilospermum fruits in much of the existing literature
are termed achenes, sometimes drupaceous (Berg 1989).
According to other classifications (for example, Bobrov
et al. 2009; Kravtsova 2009) this fruit is a coenocarpous
pseudomerous pyrenarium, similar to an apocarpous
drupe in general pericarp arrangement. The ovule is
single, orthotropous and bitegmic with only the outer
integument being involved in seed coat formation. The
tubular perianth of hypogynous female flowers grows
after flowering, and the presence of a persistent fruiting
perianth allows these fruits to be classified as
anthocarpous fruits, namely drupe-like anthocarps, partly
(subgenus Poikilospermum) or wholly (subgenus
Ligulistigma) covered with a free, more or less fleshy and
enlarged fruiting perianth. In subgenus Ligulistigma the
fruits are aggregated into dense, capitulate
infructescences uniting morphological traits of both
sorosis (a dense aggregation of many fleshy fruits, Spjut
1994) and glandosum (an aggregation of fruitlets on a
swollen peduncular receptacle). G. Bargagli-Petrucci
(1902) and W.-L. Chew (1963) (quoting an apparent
observation by E. J. H. Corner in Java in 1959) observed
the ejection of fruits from the perianth in species of
subgenus Ligulistigma, a phenomenon also mentioned by
C. C. Berg (1977). The mechanism of ejection was
however interpreted differently: either due to the inner
perianth surface becoming mucilaginous at fruit maturity
(Bargagli-Petrucci 1902) or by the basal thickening of the
fruiting perianth (Berg 1977). Another peculiarity of the
fruit is its easy separation into two apical valves (Trécul

1847; Chen et al. 2003) which does not occur in other
representatives of the Urticaceae and allied families.

Comparative carpological studies of Urticaceae
(Kravtsova 2001, 2003, 2009; Kravtsova et al. 2000,
2003) have revealed a set of characters with taxonomic
significance in the family. Within fruit and seed
morphology, the anatomical structure of the pericarp,
of the seed coat and of the fruit accessory envelope
(when structured) are all important. Pericarp struc-
ture is most important in studying systematics of taxa
at various levels, especially the number of cell layers,
differentiation into anatomical-topographical zones,
the presence or absence of highly specialised cells,
often mineralised, their structure and location. The
seed coat has been found to be more conservative
within the Urticaceae than the pericarp, it
characterises the tribes or large groups within a tribe.
These characters were thus selected here to examine
Poikilospermum.

Carpological studies of Poikilospermum have hitherto
only been concerned with a small number of species
(Kravtsova 1995, 2003, 2009; Kravtsova et al. 2011)
whilst brief mention on the subject is available in
several articles by C. C. Berg (1977, 1978). Such studies
have demonstrated that Poikilospermum is not closely
related to other genera of the Cecropiaceae, but
resembles, to some extent, certain species of
Dendrocnide (tribe Urticeae) which maintain several
archaic carpological traits.

The present comparative carpological study, car-
ried out in connection with a taxonomic revision of
the genus, has several aims: 1) to obtain more and
broader information on Poikilospermum fruit and seed
structure, with the inclusion of more species under
study than in earlier work; 2) to reveal for the genus
new, taxonomically important, carpological characters
and to determine their possible evolutionary trends; 3)
to discuss taxonomic problems of Poikilospermum
according to the results of the present comparative
carpological study; 4) to contribute to the resolution of
the relationship between Poikilospermum and related
(according to molecular data) genera of the
Urticaceae; 5) to determine structural peculiarities of
Poikilospermum fruits connected with dissemination.

Material and Methods
Fruit structure in 15 species from both subgenera,
Poikilospermum and Ligulistigma was examined using
light and scanning electron microscopes. The study
was based on fruits from herbarium collections from
K, L, LE, and one spirit sample from L.

Specimens investigated
Subgenus Poikilospermum
P. acuminatum (Trécul.) Merr.: Philippines, 15

Nov. 1996, Reynoso & Majaducon PPI27069 (K).
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P. amboinense Zipp. ex Miq.: Moluccas, Ceram, 30
March 1991, J. S. Burley 4353 (K); Papua New
Guinea, Pulsfford 5411 (K); New Guinea, Forbes 685
(LE).

P. inaequale Chew: Papua New Guinea, Koitaki, 29
April 1935, C. E. Carr 12079 (K); Papua New
Guinea, Morobe Prov., Nov. 1963, J. S. Womersley
NGF 17804 (K); West Papua, Mount Jaya, 7 April
2000, T. M. A. Utteridge 306, (K).

P. paxianum (H.J.P.Winkl.) Merr.: West Papua, Mount
Jaya, 13 Nov. 2000, T. M. A. Utteridge 451 (K); Papua
New Guinea, Kikori, 19 Aug. 1975, M. J. S. Sands
et al. 1395 (K).

Subgenus Ligulistigma
P. cordifolium (Barg.-Petr.) Merr.: Borneo, Mt Kinaba-

lu, 4 March 1961, W. L. Chew 266 (K); Borneo,
Sarawak, 24 April 1983, D. Awa & I. S. Paie 45767
(K).

P. erectum (Blanco) Merr.: Philippines, Sept. 1912,
Elmer 13901 (K).

P. lanceolatum (Trécul) Merr.: India, Sikkim, s. coll. s.n.
(K).

P. microstachys (Barg.-Petr.) Merr.: Borneo, Kaliman-
tan, 25 Sept. 1948, M. Enoh 309, (K); Malesia,
Brunei, Corner 5369 (LE).

P. naucleiflorum (Roxb. ex Lindl.) Chew: Thailand,
Khlong Phanom NP, 8 May 2006, S. Gardner; P.
Sidisunthorn ST2707 (K).

P. oblongifolium (Barg.-Petr.) Merr.: Borneo, Sabah, 16
March 2002, S. Diwol & T. Tawadong, SAN 144311
(K).

P. peltatum (H.J.P.Winkl.) Merr.: Borneo, Vogel 841,
Nat. Herbarium of the Netherlands, “Spirit collec-
tion” N 8356 (L)

P. scabrinervium (Barg-Petr.) Merr.: Brunei, 25
June 1989, K. M. Wong WKM1285 (K); Borneo, Mt
Kinabalu, 29 Sept. 1931, Clemens 26631 (K).

P. scortechinii (King) Merr.: Malaysia, Johor, 26
June 1959, Kadim & M. Noor 199 (K).

P. suaveolens (Blume) Merr.: Malaysia, Trengganu, 30
March 1957, W. L. Chew 79 (K); Brunei, 28
May 1988, K Mat Salleh KMS 2420b (K).

P. tangaum Chew: Borneo, Mt Kinabalu, 26 May 1932,
Clemens 29769 (K); Brunei, 4 April 1993, M. J. E.
Coode 7622 (K).

Other Urticaceae
Dendrocnide meyeniana (Walp.) Chew f. meyeniana:

Philippines, M. D. Sulit 11692 (L).
Dendrocnide stimulans (L.f.) Chew: Siam, A. F. G. Kerr

7811 (K).
Urera baccifera (L.) Gaudich. ex Wedd.: greenhouses in

Komarov Botanical Institute RAS (St. Petersburg).

Dry and soaked fruits were observed and
photographed using Stereomicroscopes Stemi-2000

CS and SteREO Lumar.V12 (Carl Zeiss, Germany).
For anatomical study, fruits were first softened in a
mixture of water, 96% ethanol and glycerol in equal
proportions. Several histological techniques for their
sectioning were used. Material was either used fresh or
fixed in 70% alcohol and, for semi-thin sections, in 3%
glutaraldehyde and 2% Osmium tetroxide. Cross
sections of fresh material 12 and 24 μm thick were
made in the middle part of fruits using a freezing
microtome, and histochemical studies were carried
out to determine lignin (with phloroglucinol and
sulphuric acid), cutin (with Sudan IV), terpenoids
(NADI test, according to David & Carde 1964).
Paraffin sections (12 μm thick, stained with gentian-
violet and orange or Safranin in combination with
alcian blue) were made on a rotary microtome
following standard procedures (Prozina 1960), and
semi-thin sections (2 – 3 μm thick, stained with
toluidine blue) of material embedded in Epon-
Araldite epoxy resin were prepared on a Reichert
Ultracut R ultramicrotome. Observations were carried
out, and photomicrographs were taken using light
microscope AxioImager А1 (Carl Zeiss). A scanning
electron microscope Jeol JSM-6390 LA (the equip-
ment of Core Centre “Cell and Molecular Technology
in the Plant Science” at the Komarov Botanical
Institute, St. Petersburg) was used to investigate the
external morphology of the fruits, seeds, and their
internal structure.

This paper follows the terminology of I. Roth
(1977) and E. J. H. Corner (1976) in describing the
pericarp and seed coat structure, respectively. Basic
points for the description of plant surfaces, in
particular seed surfaces, were published by R. M.
Murley (1951), W. Barthlott & N. Ehler (1977), W.
Barthlott (1981), E. Werker (1997). The schematic
drawings in Fig. 3 ‘longitudinal and cross sections of
Poikilospermum fruit’ provide further explanation of
terminology used in this paper.

Observations
Poikilospermum fruits (Fig. 1A – S, 2A – M) are usually
described as straight, but the style is often somewhat
displaced to either rib, likewise the stipe, where
present, may also be displaced to the side of the
suppressed carpel as previously described, fruits thus
often becoming inequilateral in lateral view and
somewhat oblique in the sense of Weddell. In such
inequilateral fruits the pericarp rib formed by the
fertile carpel (r1) is more strongly curved and thus
always longer than the rib from the suppressed carpel
side (r2) and sometimes markedly more protruding.
This is particularly evident in P. oblongifolium, P.
scabrinervium (Fig. 1H, 2D), and P. tangaum (Fig. 1K,
2J), where the style is centred at the top of the fruit or
slightly displaced towards the fertile side. In certain
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species there may also be much variation in the degree
of asymmetry in inequilateral fruits within a collection,
sometimes within a species (e.g., in P. inaequale and
P. microstachys — Fig. 1R, 2K, L).

Both subgenera of Poikilospermum have species with
often clearly inequilateral fruits (e.g. P. acuminatum —

Fig. 1C, P. lanceolatum — Fig. 1G, P. scabrinervium,
P. tangaum) and species with mainly more or less
symmetric fruits (e.g. P. peltatum — Fig. 1Q,
P. suaveolens — Fig. 1L, P. erectum).

Morphological and anatomical carpological fea-
tures are described in detail in Tables 1 – 3.

Fig. 1. Poikilospermum fruits. A P. amboinense, Pulsfford 5411; B, C P. acuminatum: B fruit enclosed in fruiting perianth, C fruit
without fruiting perianth; D P. inaequale, Carr 12078; E, F P. paxianum, Sands 1395; G P. lanceolatum; H, J P. scabrinervium,
Wong WKM1285: H view from lateral side, J view from rib side; K P. tangaum, Clemens 29769; L P. suaveolens; M, N
P. naucleiflorum; P, Q P. peltatum; R, S P. microstachys, M. Enoh 309; A, E, G, H, K – M, P, Q wet; B, C, D, F, J, N dry; fp fruiting
perianth; muc mucilage; ped pedicel; r1 pericarp rib from fertile carpel’s side; r2 pericarp rib from suppressed carpel’s side; st style;
stg stigma; stp stipe. Scale bars: A – C, F = 200 μm; D, E, G – L = 500 μm; M – R = 1000 μm
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Fig. 2. SEM micrographs of fruits, seeds and embryos. A – M fruits: A Poikilospermum inaequale, Utteridge 306: fruit enclosed in
fruiting perianth and devoid of it; B P. inaequale, Carr 12079, fruit surface on lateral side; C P. paxianum, Utteridge 451, fruit
surface on lateral side; D, E P. scabrinervium, Wong KM1285 (D fruit, E its surface on lateral side); F P. scabrinervium, Clemens
26631, rib from suppressed carpel’s side is shown; G P. scortechinii; H P. lanceolatum; J P. tangaum, Clemens 29769; K – M
P. microstachys: K M. Enoh 309, L, M Corner 5369 (K, L fruit, M fruit squeezed out of fruiting perianth, from herbarium specimen);
N seed, P. naucleiflorum; P – S embryos (P, S not completely mature): P P. amboinense, Pulsfford 5411; Q P. scabrinervium,
Clemens 26631, R P. peltatum; S P. microstachys, Corner 5369; fp fruiting perianth; hi hilum; r1 pericarp rib from fertile carpel’s
side; r2 pericarp rib from suppressed carpel’s side; scp seed coat process; st style; stg stigma; stp stipe; arrow = processes at base of
cotyledons. Scale bars: A, D, F – K, N, S = 500 μm; B, C, E = 50 μm; L, M = 1000 μm; P = 100 μm, Q, R = 200 μm
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1. Fruit Morphology — General Description
(A) subgenus Poikilospermum
Table 1; Figs 1A – F, 2A – C. Fruits are small, laterally
flattened with two more or less protruding ribs,
apically slightly tapered, with a subsessile capitate
stigma and (usually) a long stipe, subsessile or (in
Poikilospermum paxianum only — Fig. 1E) distinctly
pedicellate; the lateral sides generally have a verrucose
surface and reticulate primary sculpture (Fig. 2B, C).
In inequilateral fruits the persistent stigma and/or
stipe are displaced to the r2, a feature not unusual in
the Urticaceae (Fig. 14).

The gamophyllous fruiting perianth covers half the
fruit or less, rarely more than half (Fig. 1E); it is 4-
ribbed or narrow wing-shaped (Fig. 1E), brown to
blackish, with whitish cystoliths at the top.

(B) subgenus Ligulistigma
Table 1; Fig. 1G – S, 2D – M. Fruits are larger,
laterally flattened, rarely cylindrical (sometimes in
Poikilospermum microstachys), with well-developed ribs
that are often wide, flat, rounded or, wedge-shaped
in cross section, in several species isolated by
furrows from the raised lateral fruit sides. They
are slightly tapered at the apex, terminated by a
persistent minute style (sometimes the ligulate
stigma is also still present — Figs 1G, 2D), shortly
stipitate or obliquely truncate at the base; the
lateral sides are either indistinctly sculptured (Fig.
2D, 2J – M), or verrucose (Fig. 2G, H), sometimes
with discernible reticulate primary sculpture (Fig.
2E). In inequilateral fruits the style is displaced to
r2 (P. lanceolatum — Fig. 1G), or to the longer,
strongly curved r1 (P. scabrinervium — Fig. 1H,
P. tangaum — Fig. 1K; P. oblongifolium).

In cer ta in co l l ec t ions of some spec ie s
(Poik i l o spe rmum cordi fo l ium , P. micros tachys ,
P. naucleiflorum) fruit dehiscence via two apical valves
was noted (Fig. 1N, 2M), while in certain fruits of
P. scabrinervium the dehiscence occurs via longitudinal
splitting along r1 (Fig. 1J). However, in every species
the extent of dehiscence was inconsistent throughout
all material studied. Within the same species, fruits
with ribs of both similar and dissimilar size are usually
present. Especially marked variation is noted in
P. scabrinervium and P. oblongifolium, where in
inequilateral fruits, the short, right rib (r2) is wide
and flat, the other (r1) is strongly curved, long, not
always flat and possessing a filiform suture.

The persistent tubular perianth is predominantly
bell-shaped, rarely inversely pyriform, varying in
colour and texture between species (Table 1). It is
thicker at the base and apex than in the middle
(Fig. 3C), ribbed and often folded along and some-
times between the midribs. Swollen folds, particularly
well developed in Poikilospermum peltatum (Fig. 3D),
P. tangaum Clemens 29769 and P. scortechinii, promote

considerable perianth thickening there, especially at
the apices. Perianth tepals are usually strongly
incurved, rarely slightly incurved (P. naucleiflorum —

Fig. 1M). Round or oval to oblong cystoliths occur on
the upper part of the perianth lobe; their size and
shape appearing inconsistent within species.

2. Stipe and Fruit Base
In both subgenera the fruit stipe (through whose
centre the vascular bundle runs to the seed) consists of
two vertical zones (Fig. 3A – C). The upper zone is
sclerenchymatous, formed by a central strand of
sclereids, surrounded with mucilage cells, whereas
the lower zone is formed mainly by mucilage cells.
The sclerenchyma strand is situated asymmetrically,
displaced towards the fertile carpel, whereas muci-
lage cells are more numerous on the reduced
carpel side. Most species of subgenus Poikilospermum
have a stipe with a long sclerenchyma zone (Fig.
3A, B); in subgenus Ligulistigma it is considerably
reduced (Fig. 3C), sometimes forming folds in the
fruit base.

3. Seed
Seeds are orthotropous, ovoid or narrowly ovoid
(Fig. 2N, 3A – C). In subgenus Poikilospermum they are
basally, or nearly basally, attached and smaller in size
than in subgenus Ligulistigma (a factor of smaller fruit
size combined with a large stipe which occupies
considerable space within the anthocarp). In subgenus
Ligulistigma the placentation is subbasal (Fig. 3C, 10F)
and the seeds are thus asymmetrical at the base
(Fig. 2N). In P. scabrinervium the stipe is obliquely angled
and positioned on the r2 side, as is the placenta. The
fertile carpel makes a depression on the opposite side
where the seed “descends”. This explains the narrowed
tip of the cotyledons, and the extremely lateral position
of the placenta in this species. The seed vascular bundle
ascends within the placenta and then descends within
the hypostase, making a loop; fairly long in
P. naucleiflorum (Fig. 10F) and P. scabrinervium and short
in P. peltatum (Fig. 3C). This terminates in the
tanniniferous hypostase. Similar curvature of vascular
strand to ovule was described in Boehmeria cylindrica by A.
R. Bechtel (1921). Specific differences in placental
position and the curvature of the seed vascular bundle
in Poikilospermum require further study because there are
large variations in fruit asymmetry even within the same
collection.

In both subgenera the thin, tanniniferous seed coat
is membranous or coriaceous; it forms wing-like
extensions along the seed ribs in the upper seed part
of subgenus Ligulistigma species (Fig. 10C), and flat
projections of variable shape at the top (Fig. 2M, N),
apparently derived from the integumental obturator.
The endosperm is scarce (Fig. 3A – D) consisting of 3
– 5 compressed layers in the middle part of the seed,
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where it is thicker on the lateral seed sides, and is
localised mainly along the seed ribs towards the apex.

The embryo (Fig. 2P – S, 3A – C) occupies almost the
entire seed cavity; in subgenus Poikilospermum it is c. 0.8 –

1.15 mm, in subgenus Ligulistigma much longer, 1.6 –

2.9 mm long. Cotyledons are plane-convex, their length
usually exceeds the hypocotyl-root axis. The plumule has
two minute leaf primordia. The embryos of different

Fig. 3. Longitudinal and cross sections of Poikilospermum fruit. A longitudinal dorsiventral section of P. amboinense fruit; B
longitudinal bilateral section of P. paxianum fruit, C, D P. peltatum (pre-mature stage): C longitudinal dorsiventral section; D cross
section; E schematic drawing of pericarp tubercle; tannin cells are shaded. Scale bars: A – C = 1000 μm, D = 500 μm
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species differ in size, shape and degree of asymmetry, of
cotyledons and hypocotyl-root axis length and width,
their width being determined by the fruit shape. The
degree of embryo asymmetry varies even within the same
collection corresponding to the degree of asymmetry in
the fruits. In P. microstachys two small processes (stipules
or colleters?) were discovered at the base of the
cotyledons (Fig. 2S, arrow).

4. Fruiting Perianth Structure
(A) subgenus Poikilospermum
The fruiting perianth is five to seven-layered, 20 –

130 μm thick, parenchymatous, containing tannins,
mineral inclusions (cystoliths, crystals, druses of calcium
oxalate) and sometimes mucilage within its tissues (Fig.
4B, C, E – G, J), the cystoliths are more or less numerous
in the outer subepidermal layer of the apices.

Two structural types of fruiting perianth may be
distinguished:

(i) Rather thick (70 – 130 μm thick, especially in
ribs) with a large content of tannins in both
epidermal layers (Poikilospermum acuminatum —

Fig. 4C) or in the outer epidermis and one to two
underlying mesophyll layers (P. amboinense — Fig.
4B); the outer epidermis is large-celled, in
P. acuminatum palisade-like with small crystals (like
the inner epidermis); with occasional mucilaginous
cavities occurring in the mesophyll.
(ii) Usually thin (20 – 70 μm thick), with strongly
prominent ribs/wings up to 110 – 220 μm in
height, consisting of compressed, more or less
thick-walled cells with a low content of tannins,
predominantly in mesophyll cells — Poikilospermum
inaequale (Fig. 4E, F), P. paxianum (Fig. 4G, J); in
the outer epidermis are areas consisting of muci-
lage cells. In P. inaequale the fruiting perianth
structure varies; in certain specimens it is similar
to that of P. acuminatum.

(B) subgenus Ligulistigma
The enlarged tubular fruiting perianth is five to seven-
layered; 15 – 120 μm thick, parenchymatous, formed
by more or less thick-walled cells (Fig. 5A – F; 8A – D,
F; 10A – D, F). Both epidermal layers are compressed,
membranous, often tanniniferous (particularly the
outer one), sometimes in places with mucilage cells
in the outer epidermis (Poikilospermum cordifolium,
P. lanceolatum, P. suaveolens). Mesophyll cells, with
more or less tannin content (may vary between
different collections of the same species) or without
tannins, are compressed to different degrees or
uncompressed, have irregularly thickened walls and
often form collenchyma-like tissue. Cell content is
more diverse than in subgenus Poikilospermum and
includes an amorphous yellowish matter. Thickened,
colourless cell walls in P. naucleiflorum (Fig. 5F),

P. oblongifolium, P. scabrinervium, P. scortechinii and
P. tangaum Clemens 29769 are perhaps silicified. In
the mesophyll of several species there are secretory
cells of different types (Table 1): branching laticifers
(Fig. 5A), uncompressed tannin cells, mainly tube-like,
along with vascular bundles (Fig. 5C, 8A, B),
terpenoid-containing cells, filled with yellowish latex
(5B, F), mucilage cells collected in the cavities in the
apex of the lobes (Fig. 6C – E). Perianth ribs and
ribbed folds along veins are strengthened by several
mechanical elements, accompanying vascular bundles,
among them druses and short thick-walled hairs in
both epidermal layers.

The incurved pubescent apices of the fruiting
perianth lobes differ in thickness and structure
between species (Table 1; Fig. 6A – F). The outer
epidermis, usually tanniniferous, is only slightly flat-
tened (Fig. 6A, B) or is membranous and structureless
when the tannin content is small. The cystoliths,
situated in the outer subepidermis are usually numer-
ous and clearly visible, but in Poikilospermum scortechinii
they are small and scarce and irregularly shaped
(Fig. 6B). The mesophyll is densely tanniniferous
(Fig. 6A), sclerified (Fig. 6B), in most species paren-
chymatous (Fig. 6C – F); large mucilaginous cavities
are absent, isolated, or large and numerous. Short,
thick-walled hairs occur either in both epidermal
layers (most abundant in P. cordifolium) or only in the
inner epidermis (P. scabrinervium, P. suaveolens).

5. Pericarp Structure
Exocarp structure in both subgenera is similar; one-
layered, membraneous and composed of compressed
polygonal tannin cells or cells without tannins or
with only little amounts of tannin, rarely having
isolated cells with mucilage (Fig. 4). The outer
tangential wall varies in thickness between species
(Table 2). Within the mesocarp three zones may be
distinguished— outer mucilaginous, middle (parenchy-
matous in subgenus Poikilospermum, structurally diverse
in subgenus Ligulistigma) and inner crystalliferous.
Pericarp ribs are diverse in size and structure, formed
by the folding of the pericarp (Table 1; Figs 3D; 8; 10).

(A) Subgenus Poikilospermum
The pericarp is folded, four to six-layered, with a
rather thick folded endocarp and mucilage-containing
mesocarp (Table 2; Fig. 4A – J). In marked contrast to
subgenus Ligulistigma (see below), the mucilaginous
layer is interrupted by wide endocarp folds causing
mucilage cells to be located in some specimens in the
areoles of the pericarp, separated by large endocarp
folds and large tracts of tanniniferous mesocarp and
exocarp tissues. Endocarp thickness, the degree of
folding, tannin content and localisation, and the
extension of the mucilaginous zone varies between
but sometimes also within the same species
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Fig. 4. Fruit and fruit wall in cross section; Poikilospermum subgenus Poikilospermum. A, B P. amboinense; C, D P. acuminatum; E,
F P. inaequale; G – J P. paxianum. A, C, E, G whole fruits (A without fruiting perianth); B, D, F, H, J portions of fruit wall: B, F, J
fruiting perianth and pericarp; D, H pericarp. A – C, G – J stained with Safranin and alcian blue: tannins are red, mucilage
colourless; D – F stained with toluidin blue: tannins are yellowish-brown, mucilage violet; cc crystal cell, cl crystal layer; d druse of
calcium oxalate; e embryo; en endocarp; end endosperm; enf endocarp fold; ex exocarp; fp fruiting perianth; mc mucilage cell; n
nucellus (remnants); non mc cell without mucilage; p pericarp; sc seed coat; tc tannin cell; vb vascular bundle. Scale bars: A, C, E,
G = 100 μm; B, D, F, J = 20 μm; H = 10 μm
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(Poikilospermum inaequale, P. paxianum). Pericarp tu-
bercle formation differs slightly in between species
(Table 2; Fig. 4) except for the role of crystal cells, very
large in the tubercles of P. acuminatum (Fig. 4D).

(i) Mesocarp: The outer zone is interrupted by
pericarp tubercles; in Poikilospermum inaequale it is
sometimes compressed together with the exocarp into
a tannin-containing membrane covering a large area
near to the fruit ribs (Fig. 4E). The middle zone is
compressed and devoid of tannins or narrow tannin-
containing; rarely with oval sclereids. The innermost
crystalliferous zone is one-layered, containing druses
of calcium oxalate (Fig. 7A, B).
(ii) Endocarp: Composed of lobed sclereids with
lamellate walls, penetrated by numerous porous
canals. Radial cell walls slightly protrude at the outer
surface (Fig. 7H), making it rough.

(iii) Pericarp ribs: Rounded or flat, almost equal in size to
one another in the middle of fruits and unequal,
sometimes slightly two-lobed (Poikilospermum inaequale,
P. paxianum) at the base. The endocarp is represented by
a multi-layered sclerenchyma strand. The number of
vascular bundles in the fruit middle varies: two, in both
pericarp ribs (P. amboinense); one, only along r1
(P. acuminatum); two, but well-developed only along r1
(other species).

(B) subgenus Ligulistigma
In the middle of the fruit the pericarp is five to six
layered (Table 2; Figs 8, 9, 15A – F).

(i) Mesocarp: The outer zone is one-layered, more layered
near fruit ribs, consisting of alternate mucilage and narrow
non-mucilaginous cells with slightly thickened walls, some-
times strand-like. It is often interrupted in themiddle of the

Fig. 5. Fruiting perianth in cross section; Poikilospermum subgenus Ligulistigma. A P. oblongifolium; B P. scortechinii, perianth rib;
C P. tangaum, Clemens 29769; D P. tangaum, Coode 7622; E P. suaveolens; F P. naucleiflorum. d druse of calcium oxalate; ex
exocarp; lat laticifer; mc mucilage cell; p pericarp; scw silicified cell wall; tc tannin cell; vb vascular bundle. Scale bars: A, E, G = 20
μm, B, D, F, H = 10 μm, C = 50 μm
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lateral fruit sides, where the inner mesocarp layers are
adjacent to the exocarp. The middle zone is structurally
diverse, four structural types and several variants may be
distinguished.

(a) tannin-containing continuous: without mucilage
cells; tannin cells (more or less thick-walled,
parenchymatous or sclerenchymatous) are arranged
in one to two layers; within tubercles they are radially
elongated such that the surface of this tannin zone is
alveolate; mucilage cells of the adjacent outer layer are
located in the alveoles. Further variants are parenchy-
matous tannin-cells (Fig. 8A, B; 15A) and tannin-
containing sclereids (Fig. 8E – G, 15B).
(b) tannin-containing interrupted (Fig. 9A, 15C):
tannin cells interrupted by infrequent mucilage cells
are arranged in an almost continuous zone in a layer
mostly one, in places two to three cells wide.
(c) mucilaginous-parenchymatous (sparse tannin-
containing) (Fig. 9B – D; 15D1, D2): alternate
mucilage and parenchyma cells with irregularly thick-
ened porous walls, sometimes tannin-containing
(widely spaced). In Poikilospermum tangaum Clemens
29769 parenchyma cells are gathered in multicellular
groups outnumbering the mucilaginous ones (Fig. 9C,
D). Certain specimens of P. microstachys uniquely have
tear-shaped tanniniferous content within cells in this
layer (Fig. 15D1).

(d) mucilaginous-sclerenchymatous (sparse tannin-
containing) (Fig. 11D – G): tannin-containing or
devoid of tannins sclereids arranged in one to two
layers, are radially elongated to columnar; together
with radially elongated endocarp sclereids and crystal
cells they form more or less distinct alveoles in which
mucilage cells are found.

The innermost zone (Table 2, Fig. 7C – G); in
Poikilospermum scabrinervium alone, large fragments of
the outer cell wall remain in the cells after their
exfoliation (Fig. 7C) and crystal cells in surface view
are longitudinally elongated. In P. naucleiflorum and
P. suaveolens after exfoliation the adjacent fragments of
the thickened cell walls of the superposed cell layer
are present on the crystal layer surface (Fig. 7G).
Druses are mostly globular, but star-shaped in
P. lanceolatum (Fig. 7F). In P. naucleiflorum,
P. cordifolium, P. scabrinervium, and P. tangaum Clemens
29769 (Fig. 9D) crystal cells are radially elongated,
particularly in the tubercles and may contain one or
two druses together with several small mineral inclu-
sions.

(ii) Endocarp: Flat or slightly folded, usually thin,
particularly in Poikilospermum microstachys and
P. suaveolens, for which there is direct evidence of
fruits squeezing from the perianth tube, although this
characteristic is considered common to all subgenus

Fig. 6. Fruiting perianth lobe apices in cross section; Poikilospermum subgenus Ligulistigma. A P. scabrinervium, B P. scortechinii, C
P. cordifolium, D P. microstachys, E P. naucleiflorum, F P. peltatum. cys cystolith, d druse of calcium oxalate, h hair, mca
mucilaginous cavity, tc tannin cell, vb vascular bundle. Scale bars: A – D = 50 μm, E, F = 500 μm
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Ligulistigma.
(iii) Pericarp ribs: The thickest ribs are found in themost
asymmetrical fruits of Poikilospermum lanceolatum,

P. scabrinervium, P. tangaum Clemens 29769. Both fruit
ribs may be similar or dissimilar in size and shape with
varying r1:r2 ratios (Table 1, Figs 3D, 10A – E); r2 usually

Fig. 7. Crystal layer and endocarp in surface view (SEM). A – G crystal layer: A P. acuminatum; B P. inaequale; C P. scabrinervium; D
P. cordifolium; E P. microstachys; F P. lanceolatum; G P. suaveolens; H endocarp P. amboinense. iwpc separated inner tangential
wall of outward parenchyma cell; owcc outer tangential wall of crystal-containing cell. Scalebars = 10 μm
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being larger. r1 usually differs from r2 in having a wider
tannin zone (which in r2 is sometimes absent) and a
smaller number of mucilage cells. The pericarp vascular
bundle is often situated in a groove.

The pericarp ribs have an unusual feature: at the
fruit apex deep, slit-like longitudinal grooves occur
on their inner sides, into which narrow seed coat
projections (‘wings’) enter. The ribs are easily split
where these grooves are present which occurs mainly
at the level of the upper portion of the radicle, but in
Poikilospermum microstachys at the level of the cotyle-
dons (F ig . 10C) . In P. ob l ong i f o l ium and
P. scabrinervium the groove is absent in r2, present
in r1; the latter remains thick, thus does not split at
the fruit apex.

6. Seed Coat Structure
The seed coat is three to four-layered with discernible
cellular structure in tannin-containing exo- and
endotesta, and sometimes mesotesta (a derivative of
the outer subepidermis of the outer integument); the
endotegmen is thin, structureless and is separated
from the remnants of the nucellus by a thin cuticle
(Figs 3E, 11A – H). The seed coat surface is perforated
or without holes (Fig. 13).

(A) Subgenus Poikilospermum
The seed coat is thinner than subgenus Ligulistigma
(particularly in Poikilospermum paxianum — Fig.
11B), composed of two or three compressed tannin-
containing cell layers; the endotesta is especially weakly

Fig. 8. Fruit and fruit wall in cross section; Poikilospermum subgenus Ligulistigma. A, B P. scabrinervium; C – G P. scortechinii (E – G
SEM); A, C, E whole fruits (E without fruiting perianth); B, D, F, G portions of fruiting perianth and pericarp on lateral side of fruit;
in C and D solid tanniniferous content has partially dropped out of mesocarp cells; stained with Safranin and alcian blue; d druse of
calcium oxalate; e embryo; en endocarp; end endosperm; ex exocarp; fp fruiting perianth; i mes inner mesocarp zone; mes
mesocarp; muc mucilage; m mes middle mesocarp zone; o mes outer mesocarp zone; p pericarp; r1 pericarp rib from fertile
carpel’s side; r2 pericarp rib from suppressed carpel’s side; sc seed coat; scr seed coat rib; tc tannin cell; vb vascular bundle; tscl
tannin containing sclereid. Scalebars: A, F = 100 μm, B, G = 20 μm, C, E = 200 μm, D = 50 μm
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developed (Table 3; Fig. 11A – C). The cells are less
compressed in the endocarp folds, seed ribs, and
beneath the exotesta holes than in the other seed parts
occasional mesotesta cells occur (Fig. 11C).

(B) Subgenus Ligulistigma
The seed coat structure is more diverse than in
subgenus Poikilospermum (Table 3; Fig. 11D – H);
exotesta and one to three inner cell layers vary in
amount of compression. The seed coat is usually
thicker in the endocarp folds and seed ribs where it
forms testa ribs and in certain species it narrows into
wing-shaped edges in the upper seed part (Fig. 10C).
The ribs of the comparatively thick seed coats are
large and loose, sometimes folded and often of varying
shape within the same seed (Figs 8A, E; 10A, B).

Unlike in the thin seed coat (Fig. 11D) where all
the cell layers are compressed, in the thicker seed
coats (Fig. 8A, C – F; 11E – H) they are less
flattened and contain a larger amount of tannins;
both exo-and mesotesta are better developed,
especially in Poikilospermum scabrinervium, where the
mesotesta forms an almost continuous layer closer
to the seed ribs. In most species it is distinguish-
able in places. To clarify seed coat histogenetic
zonality further developmental research is required.

i) Endotesta: Endotesta cells vary greatly in shape
within the same seed in all Ligulistigma species
(Table 3; Fig. 12B – E). They are mostly transversely
elongated, and loosely arranged in one to two layers.
Their loosest arrangement is in Poikilospermum peltatum
and P. suaveolens (Fig. 12C, D) where the dominance
of short cells (rounded and oval) combines with the
most marked variation in their shape and orientation.
By contrast in P. microstachys (Fig. 12E) and
P. naucleiflorum, long transversely elongated endotesta
cells prevail.
ii) Exotesta structure and surface: The seed coat
surface is uniformly perforated in subgenus
Poikilospermum (Fig. 13A). In Ligulistigma species (Fig.
13B – J) it is either not perforated or has small, slit-like
or round holes (intercellular spaces), gathered in
chains along the radial cell walls (Fig. 13B – D). The
primary sculpture is more diverse than in subgenus
Poikilospermum (Table 3); sometimes on the seed
surface there are impressions of closely adjacent
endocarp sclereids (Fig. 13B). Exotesta cells are
longitudinally elongated; their boundaries not al-
ways visible from above. Where the seed coat is
thin the exotesta cells are long and linear, where
comparatively thick — either linear (Fig. 13C) or
vary within a seed in size and shape (Fig. 13E – J).

Fig. 9. Fragments of pericarp in cross section; Poikilospermum subgenus Ligulistigma. A P. cordifolium; B P. suaveolens; C, D
P. tangaum, Clemens 29769; A – D portions of pericarp on lateral side of fruit, stained with toluidin blue; cc crystal cell, d druse of
calcium oxalate; e embryo; en endocarp; ex exocarp; mc mucilage cell; mes mesocarp; non mc cell without mucilage; sc seed coat;
tc tannin cell. Scalebars: A – C = 20 μm, D = 10 μm
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7. Informal grouping of species according to fruit
structure
(A) Subgenus Poikilospermum
Group 1. Poikilospermum amboinense (Figs 1A; 2P; 3A;
4A, B; 7H; 11A; 13A), P. inaequale (Figs 1D; 2A, B; 4E,
F; 7B), P. paxianum (Figs 1E, F; 2C; 3B; 4G – J; 11B, C).

Diagnostic features:
(i) Fruiting perianth: thick, with large amounts of
tannins in the two outer layers or thin and ribbed.
Tannins (not numerous) are localised mostly in the
mesophyll cells, in Poikilospermum inaequale sometimes
in both epidermal layers, as in P. acuminatum.

Fig. 10. Pericarp ribs and fruit base in cross (A – E) and longitudinal (F) sections. A, B unequal pericarp ribs in Poikilospermum
scabrinervium, Wong WKM1285: A pericarp rib from fertile carpel’s side; B pericarp rib from suppressed carpel’s side; C, D almost
equal pericarp ribs in P. microstachys, Corner 5369: C pericarp rib from fertile carpel’s side; D pericarp rib from suppressed carpel’s
side; E pronounced difference in pericarp ribs in P. oblongifolium (fruit unripe); F fruit base in P. naucleiflorum, arrows = place of
pericarp and perianth tube detachment, A – D fruit middle part, E, F fruit base. d druse of calcium oxalate; e embryo; en endocarp;
end endosperm; ex exocarp; fp fruiting perianth; hyp hypostase; mc mucilage cell; mz mucilaginous zone of stipe; n nucellus
(remnants); p pericarp; pl placenta; pvb pericarp vascular bundle; r1 pericarp rib from fertile carpel’s side; r2 pericarp rib from
suppressed carpel’s side; sc seed coat; scr seed coat rib; scw seed coat wing; svb seed vascular bundle; vb vascular bundle.
Scalebars: A, B = 50 μm, C, D = 200 μm, E, F = 100 μm
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(ii) Pericarp: tannin cells are absent (Poikilospermum
amboinense) or present (P. inaequale, P. paxianum) in
the mesocarp, where they form a compressed middle
zone whilst certain, radially-elongated, narrow tannin
cells of this layer are involved in tubercle formation. In
P. amboinense and sometimes in P. inaequale alternate
cells of exo- and mesocarp form a tanniniferous and
mucilaginous exo-mesocarp (Fig. 4A, B); pericarp tuber-
cles are formed in these species with the participation of
radially-elongated tannin cells of the exocarp and in
P. inaequale sometimes mesocarp sclereids also.

Group 2. Poikilospermum acuminatum (Figs 1B, C; 4C,
D; 7A; 12A).

Diagnostic features:
(i) Fruiting perianth: thick, with large amounts of
tannins in both epidermal layers.
(ii) Pericarp: tannin cells are absent in the mesocarp.
Uniquely in the genus pericarp tubercles are formed
with the participation of large, radially-elongated
crystal cells.

(B) Subgenus Ligulistigma
Group 3. Poikilospermum oblongifolium (Figs 5A, 10E),
P. scabrinervium (Figs 1H, J; 2D – F, Q; 6A; 7C; 8A, B;

10A, B; 11E; 12B; 13E – G; 15A, G), P. scortechinii
(Figs 2G; 5B; 6B; 8C – G; 11F; 13H, J; 15B).

Diagnostic features:
(i) Fruiting perianth: rather dense and coriaceous with
lobe apices not swollen and devoid of mucilage cavities.
(ii) Pericarp: large amount of tannins present, exo-
carp cells with considerably thickened outer tangential
walls, mucilage localisation only in the outer mesocarp
zone, continuous tannin-containing middle mesocarp
zone, flat endocarp.
(iii) Seed coat: comparatively thicker with better devel-
oped mesotesta than in other Ligulistigma species; large
marginal ribs of different shapes within a seed; reticulate
primary sculpture; uncompressed or slightly compressed
tannin-filled exotesta cells which in surface view vary
from short irregular-polygonal to linear.

Group 3а. Poikilospermum oblongifolium, P. scabrinervium
Fruits are comparatively small, often inequilateral, with
well-developed ribs which are isolated by furrows from the
raised, lateral fruit sides; the two pericarp ribs differ sharply
in size and shape, especially in the lower part of the fruit
where the larger rib (r2) is two-lobed. This heterocarpy
along with the presence of both more or less symmetrical
and asymmetrical fruits within the same collection is more

Fig. 11. Seed coat in cross section. A – H portions of cross section on lateral side of seed. A Poikilospermum amboinense; B, C
P. paxianum (different portions); D P. cordifolium; E P. scabrinervium; F P. scortechinii; G P. lanceolatum; H P. tangaum, Clemens
29769; c cuticle; cf cuticular fold; en endocarp; end endosperm; ent endotesta; ext exotesta; is intercellular space; mt mesotesta;
n nucellus; sc seed coat. Scalebars = 10 μm
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strongly expressed than in the other species and involves an
embryo which in the asymmetrical fruits is sometimes
slightly curved. The fruiting perianth has weakly-thickened
ribs and lobe apices and uncompressed tannin cells in the
mesophyll, arranged in an almost complete unicellular
layer (Poikilospermum scabrinervium) or around vascular
bundles (P. oblongifolium); lobe apices are dense with large
cystoliths, round or from round to linear (P. scabrinervium)
or oval (P. oblongifolium). In P. scabrinervium exocarp cells in
prominent regions are thick-walled with both outer and
inner tangential walls thick (Fig. 15A). The continuous,
tannin-containing middle mesocarp zone consists of
tannin-filled parenchyma cells.

Group 3b. Poikilospermum scortechinii
Fruits small, often seem equilateral, with weakly-
developed ribs; the surface is distinctly verrucose
with submarginal tubercles; the fruiting perianth
has folds and ribs along and between the veins,
formed by radially-elongated, subepidermal cells
filled by latex; the lobe apex is sclerified with
scarce and virtually indiscernible cystoliths. The
continuous tannin-containing middle mesocarp
zone consists of tannin-containing sclereids.

Group 4. Poikilospermum cordifolium (Figs 6C, 7D, 9A,
11D, 15C)

Diagnostic features:
This species shares some carpological characters
with groups 3 and 5. Fruits are mostly equilateral,
with well-developed ribs that are isolated by furrows
from raised, lateral fruit sides; r2 forms a keel; the
fruiting perianth is thin, lobe apices are consider-
ably thickened with mucilage cavities of medium
size; cystoliths are rather small; in the exocarp,
outer tangential cell walls are thin; the tannin-
containing middle mesocarp zone is interrupted
rarely by mucilage cells and the crystalliferous layer
is interrupted; the seed coat is thin, without large
marginal ribs.

Group 5. Poikilospermum lanceolatum (Figs 1G, 2H, 7F,
11G, 15E), P. microstachys (Figs 1R, S; 2K – M, S; 6D;
7E; 10C, D; 12E; 13B; 15D1, D2, H), P. naucleiflorum
(Figs 1M, N; 2N; 5F; 6E; 10F; 13D; 15F), P. peltatum
(Figs 1P, Q; 2R; 3C, D; 6F; 12C), P. suaveolens (Figs 1L;
5E; 7G; 9B; 12D; 13C), P. tangaum (Figs 1K; 2J; 5C, D;
9C, D; 11H).

Diagnostic features:
(i) Fruiting perianth: lobe apices thicker than in
group 3, with large, numerous, mucilaginous cavities
or consisting of small-cellular parenchyma.
(ii) Pericarp: a small amount of tannins; comparatively
thin outer tangential wall of exocarp cells; mucilage
localisation in the outer and middle mesocarp zones
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which are sparse-tanniniferous, mucilaginous-
parenchymatous or mucilaginous-sclerenchymatous;
slightly folded endocarp, sometimes with larger,
occasional folds.
(iii) Seed coat: mostly only slightly thickened; absence
of thick ribs; usually poorly developed mesotesta.

Group 5a. Poikilospermum lanceolatum:
Fruits are often inequilateral with a long stipe and a
distinctly verrucose, spotty surface (tubercles stained
brown); fruiting perianth is inversely pyriform, the
middle mesocarp zone is an alveolate-mucilaginous-

sclerenchymatous, interrupted crystalliferous layer
with star-shaped druses; large occasional folds of the
endocarp.

Group 5b. Poikilospermum microstachys, P. naucleiflorum,
P. peltatum, P. suaveolens, P. tangaum Coode 7622:
Fruits are often almost equilateral and narrow, with a
short stipe; in some species fruits apically dehisce and
squeeze out of the perianth tube; the surface is
indistinctly small-tuberculate or longitudinally rugose;
fruiting perianth is not inversely pyriform; the middle
mesocarp zone is mucilaginous-parenchymatous

Fig. 12. Seed coat inner layers in surface view. A Poikilospermum acuminatum; B P. scabrinervium; C P. peltatum; D P. suaveolens;
E P. microstachys, Corner 5369. A, C – E endotesta, B mesotesta. The line at the left shows fruit’s longitudinal axis. Scalebars = 10
μm

Page 23 of 34 5KEW BULLETIN (2020) 75: 5

© The Author(s), 2020



Fig. 13. Seed coat surface. A Poikilospermum amboinense; B P. microstachys, Corner 5369; C P. suaveolens; D P. naucleiflorum; E –

G P. scabrinervium, Wong WKM1285, different fragments and magnifications; H, J P. scortechinii, different fragments and
magnifications. Scalebars: A – C, E, F, H = 20 μm, D, G, J = 10 μm
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(sparse tannin-containing) or mucilaginous-
sclerenchymatous whilst also alveolate (Poikilospermum
naucleiflorum); continuous crystalliferous layer with
globular druses.

The peculiar features of Poikilospermum suaveolens
are large occasional folds of the endocarp and
extreme reduction of the suppressed carpel.

Poikilospermum tangaum shows variation both in
fruit and seed characters and requires further
investigation. In Clemens 29764 fruits are pyriform,
within the pericarp there is a predominance of
parenchyma cells in the middle mesocarp zone and
radially-elongated crystal cells containing several
mineral inclusions; the seed coat is comparatively
thick, with well-developed, tanniniferous testa; mu-
cilaginous cavities are absent in the perianth lobe
apex. The collection Coode 7622 has different states
of these characters; the only common traits are the
shape of the pericarp ribs and the general pericarp
structure.

The fruit structure also varies considerably in
Poikilospermum microstachys. The two collections studied
differ in fruit shape (oblong / shorter narrow elliptic
and more inequilateral); exocarp surface (tuberculate /
indistinctly longitudinally, rugose-wrinkled); the shape
of the solid, tanniniferous inclusions in the mesocarp
cells (tear-drop only in the one collection); the fruiting
perianth structure.

Discussion
1. Correlation of informal groupings based on fruit
structure with gross morphology and geographical
distribution and some evolutionary observations
(A) Subgenus Poikilospermum
Group 1. Poikilospermum amboinense, P. inaequale,
P. paxianum
Several unique features (the particular structure of
fruiting perianth, sometimes underdeveloped; simpli-
fied mesocarp structure) may indicate a somewhat
isolated position of Poikilospermum amboinense within
the group, perhaps early diverged from the common
root of the subgenus. This derived state of the
pericarp structure shows strong correlation with great
morphological variability (in e.g. fruiting perianth,
lamina and peduncular bract size) and the widest
distribution in Eastern Malesia, being the only species
in the subgenus to extend westwards into the Moluc-
cas.

Group 2. Poikilospermum acuminatum
The mechanism of tubercle formation in
Poikilospermum acuminatum is unique within the
whole genus Poikilospermum. This shows a strong
correlation with gross morphology; the inflores-
cence structure in this species is also unique within
the genus: flowers are borne on minute, peduncu-

lar receptacles rather than freely (subgenus
Poikilospermum) or on fleshy capitula (subgenus
Ligulistigma). It therefore occupies a somewhat
intermediate position between the subgenera but
is included in subgenus Poikilospermum by virtue of
certain floral characters and the presence of fruit
not wholly enclosed by a persistent perianth (Chew
1963). The lack of solitary terminal flowers in its
female inflorescences separates it from the rest of
the subgenus and geographically it can be regarded
as isolated, being endemic to the Philippine
islands.

(B) Subgenus Ligulistigma
Group 3. Poikilospermum oblongifolium, P. scabrinervium,
P. scortechinii
Again, this grouping shows strong correlation with
gross morphology in that these three species all
exhibit repeated dichotomous branching of the
male inflorescences, numerous floral capitula,
crescentic stipules and the absence of a splitting
periderm in the twigs. They are also all present
in Borneo, considered by Chew (1963) to be one
of the centres of diversity for this subgenus.

Group 3а. Poikilospermum oblongifolium, P. scabrinervium
The distribution of the group is restricted to the
islands of Borneo and the Philippines, Poikilospermum
oblongifolium being found on both, P. scabrinervium
being endemic to Borneo.

Group 3b. Poikilospermum scortechinii
The derived states of the fruit characters (hard middle
mesocarp and fruiting perianth, the absence of a two-
lobed fruit rib) correlate with the broader distribution of
this species within Western Malesia (Borneo, Sumatra,
Malay Peninsula). It can also be distinguished morpho-
logically from the rest of group 3 by its very short
petioles, caducous stipules (leaving prominent stipule
scars present on the twigs) and the occasional presence
of arched (rather than straight) venation.

Group 4. Poikilospermum cordifolium
Morphologically Poikilospermum cordifolium stands out
from other subgenus Ligulistigma species on the basis
of size, having the largest lamina in the subgenus. It
also displays stout twigs and petioles, large, crescentic,
persistent stipules and larger than average female
inflorescences. The distribution of the species is
similar to P. scortechinii: throughout Western Malesia
(Borneo, Sumatra, Malay Peninsula) but also extends
west into Thailand.

Group 5. Poikilospermum lanceolatum, P. microstachys,
P. naucleiflorum, P. peltatum, P. suaveolens, P. tangaum
There is strong correlation with distribution as this
group of species accounts for all the currently known
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records for Poikilospermum within Continental Asia
(India, Myanmar and China) and Indochina (Viet-
nam, Laos and Cambodia). Variation in certain
features of pericarp structure within species of group
5 show correlation with both distribution and ecolo-
gy. Subgenus Ligulistigma radiates from two centres
of distribution, Malesia and Continental Asia (Chew
1963). Poikilospermum lanceolatum and P. naucleiflorum
(continental Asia, Thailand and Indochina) inhabit
monsoon forests and have more sclerified pericarp
than the other species of the subgenus as a whole
(Western Malesia) which inhabit rain forests. In
these two species the endocarp is thick (up to 25 or
35 μm) and the middle mesocarp zone is
mucilaginous-sclerenchymatous instead of mucilagi-
nous-parenchymatous.

Group 5a. Poikilospermum lanceolatum
Anatomically distinct within group 5, this species can
also be separatedmorphologically from the others in the
group by the presence of long, straight stipules. It differs
from all others in the group except Poikilospermum
microstachys in relatively few, and small sized, female
inflorescences and from P. microstachys in its inflores-
cences being always branched more than once.

Group 5b. Poikilospermum microstachys, P. naucleiflorum,
P. peltatum, P. suaveolens, P. tangaum Coode 7622
Poikilospermum suaveolens, which occupies an interme-
diate position in fruit structure between groups (4)
and (5b) and also shows extreme reduction of the
suppressed carpel (which as discussed further
below implies that it may be one of the younger
species of the genus), is the most widely distributed
species in subgenus Ligulistigma; it ranges from
Continental Asia, through Thailand, Indochina and
most of Malesia as far east as the Moluccas. This
correlation is s imilar to the situation in
P. amboinense (subgenus Poikilospermum) where a
derived state of the pericarp shows correlation with
the widest distribution in East Malesia.

2. Possible evolutionary trends in fruit morphology
The results obtained show that heterobathmy appears
to be exhibited by the genus Poikilospermum, at both
subgeneric and species level, with respect to different
degrees of specialisation of flower, fruit and seed
organisation. Although the presence of more primitive
characters, such as the fruiting perianth not enclosing
the fruit and the absence of specialised capitate
inflorescences with swollen receptacles, is characteris-
tic of subgenus Poikilospermum, this study shows that
subgenus Ligulistigma possesses a different set of
primitive characters such as the remnant of the
second carpel and ovary loculus as well as a primitive,
less simplified seed coat, alongside its more derived
character states.

Based on this study some possible evolutionary
trends may be traced in fruit, seed, and fruiting
perianth development.

As with other Urticaceae and allied families, the
pseudomonomerous fruits of Poikilospermum are two-
carpellate, the sterile carpel being more or less
suppressed. A remarkable fruit feature in subgenus
Ligulistigma is that the pericarp rib r2 formed by the
suppressed carpel (which apparently represents its
rudiment) is usually larger than the rib on the other,
fertile carpel side (r1). It is reasonable to assume that
the lobes of the largest rib in asymmetrical fruits of
P. oblongifolium and P. scabrinervium are parts of an
incompletely closed cavity representing a rudiment of
the second loculus of the ovary, since such closed and
incompletely closed pericarp cavities (represented by
rib lobes only) have been observed in many Boehmeria
species; furthermore, a second style was found in
B. blumei (Kravtsova et al. 2000; Kravtsova 2009). In
such Boehmeria species different collections of the
same species vary considerably in the degree of
expression of a carpel rudiment in fruits. Hitherto
only a few Urticaceae genera have been observed to
possess this rudiment (in the form of a wing or a
swollen, often hollow rib), all belonging to the ancient
(according to I. Friis 1989) tribes Boehmerieae
(Boehmeria, Cypholophus) and Forsskaoleae (Forsskaolea).
The presence of a similar rudiment in Poikilospermum
(although belonging, according to the latest molecu-
lar data, to the younger tribe Urticeae) suggests that
Poikilospermum, like Boehmeria, is one of the more
ancient genera of the Urticaceae or at least has a
position close to the basal representatives of the
family. Within Poikilospermum, only in fruits of
P. suaveolens is the r2:r1 ratio less than 1, which may
indicate that in this species the process of the
reduction of a second carpel is complete and that
P. suaveolens may be one of the younger species of the
genus. The presence of this carpel rudiment correlates
with some other, more primitive traits in
P. scabrinervium and P. oblongifolium, namely a primitive
form of fruiting perianth, pericarp and seed coat
structural organisation (see below). The disappear-
ance of a clearly expressed rudiment of a second
carpel indicating a specialisation of basic fruit struc-
tures leads to the transformation from a morphology
similar to those in P. scabrinervium (Fig. 14A) either to
more or less equilateral fruit (certain species e.g.
Fig. 14B) or to inequilateral fruit (P. lanceolatum
(Fig. 14C) where the style is displaced to the side of
the suppressed carpel. In view of the discovery of
prevailing very small fossil reproductive structures in
early angiosperms (Friis et al. 2011) it should be noted,
that the most primitive fruits within Poikilospermum are
small with small-cellular pericarp.

The theory that straight fruits of Poikilospermum
(treated within the Urticeae and within Urera) origi-
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nated through a reversion from oblique achenes (Wu
et al. 2015) seems questionable. Carpological study of
the tribe Urticeae (Kravtsova 2009) shows that both
straight equilateral fruits of Urtica and oblique
inequilateral fruits of Laportea are apparently derived;
the oblique equilateral form of primitive fruits in
certain Dendrocnide species, achene or pyrenarium,
could in fact be the original fruit form in this tribe
(Fig. 14D – F). The presence in certain Poikilospermum
fruits of a rudiment of suppressed carpel as a large rib
does not confirm the hypothesis of their origin in the
tribe Urticeae through the above-mentioned rever-
sion, since such a rudiment has not hitherto been
observed in any other genus of the tribe Urticeae.
However, it is possible that perhaps both pericarp ribs
of the primitive, largest fruits in certain Dendrocnide
species (e.g., in D. sinuata), which are thick wide,
slightly two-lobed in section, provided with longitudi-
nal furrows and dorsal vascular bundles, may repre-
sent such a rudiment analogous to some fruits of
Boehmeria ramiflora where both swollen ribs of the
pericarp represent the rudiments of a carpel. It is
quite possible that this indicates an initial pistil of an
unknown ancestor, formed, according to Bechtel
(1921), by more than two carpels. Poikilospermum fruits
are apparently primarily straight, and certain
inequilateral fruits s imilar to the fruit of
P. scabrinervium (Fig. 14A), with perpendicularly
curved stigma, but with two dorsal vascular bundles,
could give rise to the primitive oblique fruits in the
Urticeae by the loss of the carpel rudiment and the
style displacement (Fig. 14A→D).

(i) Possible evolutionary trends in fruiting perianth
development
In subgenus Ligulistigma the primitive fruiting
perianth state is perhaps a rather dense perianth
similar to that of Poikilospermum scabrinervium: with
undeveloped ribs and folds, weakly thickened lobe
apices and large amounts of tannins and other solid
inclusions in the tissues. Tannins are considered
perhaps the most important protection against
herbivores in angiosperms (Evert 2006). One of
the trends in the evolution of fruiting perianth in
Ligulistigma is the transition from tannin cells to
other types of secretory structures, namely to
terpenoid-containing mesophyll cells, apparently
per forming the same protec t i ve funct ion
(P. naucleiflorum, P. oblongifolium, P. scortechinii).
The evolution of fruits was accompanied in addition
by the development of more enlarged, softer and
fleshier parenchymatous fruiting perianth with
slightly thickened cell walls, containing fewer solid
inc lus ions (par t icu lar l y in P. co rd i f o l ium ,
P. microstachys, P. peltatum and P. suaveolens), provid-
ed in certain species by numerous large swollen ribs
and folds.

It is suggested here that a primitive feature of the
fruiting perianth in subgenus Ligulistigma is the weakly
swollen, hard, perianth lobe apex (Poikilospermum
oblongifolium, P. scabrinervium, P. scortechinii). The more
derived trait is a thicker and more swollen lobe apex
which is juicy due to mucilaginous cavities
(P. cordifolium, P. microstachys, P. naucleiflorum) or fleshy
due to accrescent, small-cellular parenchyma
(P. peltatum); the smaller cystolith size also contributes
to the lobe apex being less hard. In this specialised
condition the fruiting perianth apparently takes part
in dissemination because it contributes to the fleshi-
ness of the anthocarp. It is possible that the mucilage
in the apices serves as lubrication when the fruit is
squeezed. The mechanism of lobe apex transforma-
tion is seen when an intermediate structure is
observed in P. cordifolium: mucilaginous cavities, nei-
ther numerous nor very large, embedded in well-
developed parenchyma become more numerous,
larger and occupy almost all the apex volume in the
other listed species.

(ii) Possible evolutionary trends in pericarp develop-
ment
In subgenus Ligulistigma some possible evolutionary
trends in pericarp development may be proposed
such as the decrease of tannins in tissues (as in the
fruiting perianth and seed coat) and the expansion
of the mucilaginous zone. Initially the continuous
tannin-containing, middle mesocarp zone, trans-
forms via parenchymatisation and cell differentiation
to a mucilaginous sparse-tannin zone, consisting of
alternate cells of different types i.e. mucilage cells,
tannin cells and parenchyma cells with irregularly-
thickened porous walls, or sclereids. Consequently,
mucilage cells are distributed deeper within the
pericarp layer. Scattered (sometimes forming a
net), non-mucilaginous mechanical elements (paren-
chymatous or sclerenchymatous, with or without
tannins) replace the continuous layer of hard tannin
cells. The presence of parenchyma cells with porous
walls in the mucilaginous mesocarp indicates the
development here of a perfect hydrocytic system,
directed apparently towards aiding water absorption
and retention in the pericarp, as has been suggested
previously for the Urticaceae (Yakovleva & Kravtsova
1999). Pericarp transformation also involves exocarp
structure: the outer tangential cell walls become
thinner such that the exocarp may easily break.

This evolutionary process may be represented by
the diagram (Fig. 15A – F). Two levels of pericarp
structural organisation are thus seen in subgenus
Ligulistigma: (i) with mucilage cells in one (outer)
mesocarp layer, (ii) with mucilage cells in two or three
mesocarp layers. Within both groups, transformation
towards the mechanical strengthening of the pericarp
can be seen (Fig. 15: A→B; C→E; C→F) occurring via
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Fig. 14. Possible trends of fruit evolution in Poikilospermum and tribe Urticeae. A – C Poikilospermum; D – F tribe Urticeae. Scalebar
= 1000 μm
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sc lereid development in the mesocarp of
Poikilospermum scortechinii (Fig. 15B), P. lanceolatum
(Fig. 15E) and P. naucleiflorum (Fig. 15F). The
presence of the remnants of the second carpel in
P. oblongifolium and P. scabrinervium (as discussed
above) gives support to the suggestion that pericarp
structure is the most primitive in these species.

In subgenus Poikilospermum all species studied
have the lower level of pericarp structural organi-
sation. The primitive trait is the weak development
of the mucilage cells in the pericarp, disposed
mostly in one (outer) mesocarp layer or in more or
less isolated cavities. Poikilospermum paxianum is
more progressive in this respect. In P. inaequale
the pericarp is similar to the primitive pericarp of
P. scabrinervium with a continuous tanniniferous
layer in the mesocarp. This structure may then be
close to a primitive pericarp structure for the whole
genus. The pericarp of P. amboinense with a
simplified mesocarp and that of P. acuminatum with
unique composition of pericarp tubercles are
apparently derived.

(iii) Possible evolutionary trends in seed coat
In subgenus Ligulistigma the reduction of the seed
coat, from less simplified in Poikilospermum
scabrinervium, P. scortechinii and P. tangaum Clemens
29769, is represented in Fig. 15(G→H) moving
towards a more simplified structure in P. microstachys.
It is accompanied, as in tribe Urticeae (Kravtsova
2003) by a decrease in tannins in its layers, a reduction
of ribs, the development of uniform long linear
exotesta cells, a transition from reticulate primary
sculpture to a somewhat striate one and the loosening
of the endotesta. In several species (P. microstachys,
P. naucleiflorum) a more ordered seed coat structure
appears where cells of exo- and endotesta are elon-
gated mainly in mutually perpendicular directions.
This derived seed coat state gives the seed its
mechanical strength (Takaso & Tobe 1990).

In subgenus Poikilospermum all species studied
display a more derived and perforated seed coat
structure.

(iv) Possible evolutionary trends in fruit characters
connected with dissemination and germination
The evolutionary changes in fruits in subgenus
Ligulistigma as described above result in a more
soft and juicy fruit with increased mucilage content.
Such mucilage production is considered to be
important for zoochory, both epizoochory (e.g.,
v an de r P i j l 1 972 ; Grube r t 1974 ) and
endozoochory. For example, external mucilage
production in small fruits of Cecropia was concluded
to facilitate endozoochory, namely their passage
along the digestive tract of animals (Lobova et al.
2003). It has also been noted that small fruits of

Po i k i l o s p e rmum may be car r ied by b i rd s
(epizoochory) (Chew 1963; Berg 1983). C. C. Berg
(1983, 1989) has suggested that this phenomenon
could be connected with a (hemi-) epiphytic habit;
birds spread the diaspores on high trees and the
plants then begin their life as epiphytes. The
mechanism for attachment of diaspores to animal-
disseminators, ensuring epizoochory, is seen to be
very conservative in Poikilospermum similar to that of
fruits almost lacking accessory envelopes and for
anthocarpous fruits. The ejection (squeezing) of
fruits covered with mucilage out of the fruiting
perianth tube in subgenus Ligulistigma species may
be regarded as evolutionary repetition, i.e. repeti-
tion of previous dissemination behaviour and the
imitation of a primitive fruit state in subgenus
Poikilospermum. Due to enveloping mucilage, fruits
in both subgenera are sticky and perhaps more
attractive to animals. Due to a thinning of the
outer tangential walls in the exocarp of advanced
fruits, even a light touch of the animal-disseminator
to the surface may cause the destruction of the
membranous exocarp and allow mucilage to es-
cape.

The results obtained allow some speculation
concerning the mechanism of fruit ejection. Accord-
ing to observations by G. Bargagli-Petrucci (1902), at
fruit maturity the inner perianth surface becomes
mucilaginous, detaches from adjacent tissues and
then inflates, which results in the ejection of the
fruit. C. C. Berg (1977, 1978) further added that the
fruit is squeezed out of the thickened perianth base
surrounded by mucilage from the mucilage-
containing mesocarp. In the present study the
observations by Bargagli-Petrucci were not con-
firmed. Several new details, and another explana-
tion of possible mechanism of fruit ejection is
suggested: as a result of mucilage swelling the
membranous exocarp may partly break allowing
mucilage to flow out into the perianth tube. A
thickened perianth base encompasses the stipe, in
many species of subgenus Ligulistigma almost
completely consisting of mucilage cells; mucilage
cells are present in the axial flower part and also
within the pedicel of Poikilospermum peltatum. The
stipe, which is only connected to the perianth by a
narrow ring of compressed parenchyma (see arrows
in Fig. 10F), becomes easily detached from it and
from the receptacle when the mucilage swells. It is
suggested that the separated fruit is squeezed from
the perianth tube due to a large amount of swelling
mucilage, filling up the tube base. The hard,
thickened base of the fruiting perianth determines
the direction of the ejection of the fruit.

Fruit dehiscence by two valves in Poikilospermum
has previously been recorded in botanical literature
(Trécul 1847; Chen et al. 2003). However, the
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Fig. 15. Pericarp and seed coat evolution; Poikilospermum subgenus Ligulistigma. A – F pericarp. A continuous tannin-containing
middle mesocarp zone in P. scabrinervium; B P. scortechinii; C interrupted tannin-containing middle mesocarp zone in
P. cordifolium; D sparse tanniniferous tannin-containing middle mesocarp zone in P. microstachys: D1 portion between tubercles,
D2 in tubercle; E sparse tanniniferous zone in P. lanceolatum; F sparse tanniniferous zone in P. naucleiflorum; G, H seed coat. G
P. scabrinervium; H P. microstachys; I, II evolutionary levels; c cuticle; cf cuticle fold; en endocarp; end endosperm; ex exocarp; i
mes inner mesocarp zone; mc mucilage cell; m mes middle mesocarp zone; n nucellus; non mc cell without mucilage; o mes outer
mesocarp zone; sc seed coat. Scalebars = 10 μm
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authors are not convinced that it is true dehiscence but
may rather be a mechanism to aid germination by
allowing a more easy escape of the radicle during
germination, since this study was unable to record the
splitting of the fruit uniformly in any of the species
studied and hence strongly indicates that it may simply
be an artefact of different herbarium drying or storage
techniques in individual fruit specimens. However,
additional field observations are needed since it can be
seen that the anatomical prerequisite of such easy apical
splitting does exist due to the special structure of the
pericarp ribs near the fruit apex (deep slit-like internal
grooves). This structure is not found in other genera of
the Urticaceae. This ability of the fruit to split at the apex
is best marked in P. microstachys but absent in the
primitive fruits of P. scabrinervium and P. oblongifolium
and appears to have gradually evolved within subgenus
Ligulistigma.

3. Comparison with and relationships with other
genera of Urticaceae
Although Urera has been considered to be the
closest relative of Poikilospermum according to re-
cent molecular data (Wu et al. 2013; Kim et al.
2015), our carpological research casts doubt on this
and suggests Dendrocnide as anatomically the closest.
An argument for Urera from wood anatomy is
incorrect (Kim et al. 2015); Poikilospermum and
Nothocnide show fibre dimorphism, according to
Bonsen & ter Welle (1984), but Urera does not.
Poikilospermum however is very similar to the
climbing species of Urera in wood anatomy.

(i) Pericarp
Within the Urticeae, only several Dendrocnide spe-
cies (21 species studied out of c. 36) have the fruit
type characteristic for Poikilospermum, a pyrenarium,
with membranous exocarp and mucilaginous meso-
carp (Fig. 16A, B). Their pericarp has a primitive
structure: weakly histologically differentiated or with
uncertain differentiation of layers; the crystal layer is
absent, only sporadic cells with raphides being
present. In all Urera species studied (7 species out
of c. 35: Kravtsova 2009) the fruit type is an achene
with the mucilaginous exocarp, one-layered or com-
prising several outer layers making up a mucilage-
containing exo-mesocarp (e.g., U. baccifera — Fig.
16C, D). The hydrocytic system location (in both
pericarp layers within the exo-mesocarp) differs from
that in Poikilospermum where hydrocytic elements
develop only in the mesocarp.

(ii) Seed coat
In subgenus Poikilospermum there is a micromor-
phological feature, namely a perforation type,
similar to that shown by many taxa of tribe
Urticeae, but this character shows a homoplasy
(Kravtsova 2003). The seed coat inner structure in
Poikilospermum is similar to the type Urtica, variant
Dendrocnide because of its structureless endotegmen.
The closest resemblance in seed coat structure is
again with genus Dendrocnide (rather than Urera),
since it is the only other where endotesta cells
sometimes do not exhibit strict transverse orienta-
tion and their shape may vary within a seed.

Fig. 16. Fruit and fruit wall in cross section in Dendrocnide and Urera. A Dendrocnide meyeniana f. meyeniana; B D. stimulans; C, D
Urera baccifera: fruit and portion of cross section in lateral fruit side respectively; e embryo; en endocarp; end endosperm; ex-mes
exo-mesocarp; i mes innermost mesocarp layer; mca mucilaginous cavity; m mes middle mesocarp zone; p pericarp; sc seed coat;
tc tannin cell; vb vascular bundle. Scalebars: A – C = 200 μm, D = 50 μm
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4. Traits unusual within Urticaceae
Poikilospermum has a fruit-type which is rare for the
Urticaceae, namely a pyrenarium, and is notable for
its unusual combination of primitive and advanced
characteristics. Although the fruit retains a clearly
discernible rudiment of a sterile carpel, the pericarp
structure and dissemination behaviour are more
specialised than in those Dendrocnide species with
drupaceous fruits. As discussed above under possible
evolutionary trends, other genera of the tribe
Urticeae lack such a rudiment, unless the large flat
fruit ribs of certain Dendrocnide species represent
such a rudiment.

Kravtsova et al. (2003) noted that the seed coat
feature discussed above, namely considerable diversity
of endotesta cell shape even within a single seed, is
characteristic for the Moraceae. Moraceous traits have
previously been seen in vegetative morphology and
this additional finding reinforces the observation that
Poikilospermum occupies a somewhat intermediate
position between the two families.

Concluding Remarks
It is noteworthy that this study has highlighted a
disparity in the position of Poikilospermum within
Urticaceae. The molecular data has strongly indicated
it as nested within Urera, but the present study
indicates Dendrocnide as anatomically the closest to
Poikilospermum. Despite its inclusion in tribe Urticeae,
fruit structure also indicates it may in fact be one of
the more ancient genera of Urticaceae. The fact that
both primitive and derived species can be found in
both subgenera indicates that the morphological and
anatomical features which divide the subgenera do
not do so along ancestral lines.

Fruit anatomical characters are informative both in
arranging informal groupings which are to some
extent helpful in reinforcing the findings of gross
morphology and in reaffirming the nature of this
genus as somewhat intermediate between two families.

Having observed structural peculiarities with the
potential to facilitate the splitting of the fruit along its
apex, this study highlights the need for better field
observations to determine the exact mechanism by
which the dissemination occurs.
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