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Abstract. This is the first comparative study of
floral structure of the recently established new
family Picrodendraceae (part of Euphorbiaceae
s.l.) in Malpighiales. Nine species of eight (out of
ca. 28) genera were studied. Female flowers are
mainly completely trimerous, and in such flowers
the perianth consists of one or two whorls of
sepals. A floral disc (which probably functions as
a nectary) is mostly present. The free parts of the
carpels are simple (unbranched) in all ten species
studied. Each carpel contains two crassinucellar,
anatropous or hemitropous, epitropous (antitro-
pous) ovules, which are covered by a large
obturator. The inner integument is thicker than
the outer (equally thick in two species studied),
and commonly both integuments form the micro-
pyle. In mature ovules the vascular bundle
commonly branches in the chalaza, with the
branches extending to the base of the inner
integument but not entering it. A nucellar cap
and, less often, a nucellar beak is formed. Floral
structure supports the close relationship of Picro-
dendraceae with Phyllanthaceae and Euphorbia-
ceae s.str. within Malpighiales, as suggested (but
not yet strongly supported) by some recent
published molecular analyses. These three families
share a unique combination of characters, includ-
ing (1) unisexual, apetalous trimerous flowers, (2)
crassinucellar ovules with a nucellar beak, (3) a

large obturator, and (4) explosive fruits with
carunculate seeds.

Key words: Picrodendraceae,
Phyllanthaceae, Malpighiales,
perianth, gynoecium, ovules.
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Introduction

Euphorbiaceae in the broad, classical sense
(here referred to as ‘Euphorbiaceae s.1.’) are a
greatly diverse group, comprising over 300
genera and about 8000 species (Webster 1994a,
b; Radcliffe-Smith 2001). Various classification
systems have been proposed by different
authors. In the most comprehensive recent
intrafamilial classification (Webster 1994a, b),
five subfamilies are recognized: the uniovulate
Acalyphoideae, Crotonoideaec and Euphor-
bioideae, and the biovulate Phyllanthoideae
and Oldfieldioideae. However, in molecular
phylogenetic analyses, Euphorbiaceae s.l. do
not form a single monophyletic group (Savo-
lainen et al. 2000, Soltis et al. 2000, Chase
et al. 2002, APG 2003), but rather form five
subgroups representing three larger and two
smaller clades, all in Malpighiales. The larger
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clades are: (1) Euphorbiaceae s.str. (Savolai-
nen et al. 2000, Soltis et al. 2000, Chase et al.
2002, APG 2003) (ca. 220 genera), consisting
of Acalyphoideae, Crotonoideae, and Euphor-
bioideae, (2) Phyllanthaceae (Savolainen et al.
2000, Chase et al. 2002, APG 2003; as “Pu-
tranjivaceae” in Soltis et al. 2000) (ca. 60
genera), consisting of Phyllanthoideae, and
(3) Picrodendraceae (Chase et al. 2002, APG
2003; as “‘Pseudanthaceae’ in Savolainen et al.
2000, Soltis et al. 2000) (ca. 28 genera),
consisting of Oldfieldioideae. The two smaller
clades are Putranjivaceae (Chase et al. 2002,
APG 2003) (4 genera) (earlier in Phyllanthoi-
deae, Webster 1994b) and Pandaceae (Chase
et al. 2002, APG 2003) (3 genera) (earlier in
Acalyphoideae).

Some recent non-molecular studies also
questioned the monophyly of the Euphorbia-
ceae s.l. based on structural features (Meeuse
1990, Huber 1991, Stuppy 1996) and assumed
that they consisted of two or three unrelated
groups. Meeuse (1990) positioned Phyllanth-
aceae close to Flacourtiaceae (Violales, Mal-
viflorae), Picrodendraceae (as Paivaieusaceac)
close to or in Sapindales (Rutiflorac), and
Euphorbiaceae in Euphorbiales (Malviflorae).
Huber (1991) recognized two different fami-
lies, the Euphorbiaceae proper (with one
ovule per carpel), which he included in
Violales or Malvales, and the remainder of
the Euphorbiaceae s.l. (with two ovules per
carpel), which he included in Linales. Sutter
and Endress (1995), in contrast, emphasized
the presence of a unique character combina-
tion in the gynoecium in four of the five
subgroups (Picrodendraceae not studied), thus
favouring of a close relationship between
these subgroups.

Despite the polyphyly of Euphorbiaceae
s.l. suggested by molecular studies, they rec-
oncile to some extent the two opposing views
of non-molecular studies, in that all subclades
of Euphorbiaceae s.l. are included within the
new, large order Malpighiales. In the rbcL
study by Chase et al. (2002), 16 other families
are nested within the three larger clades of
Euphorbiaceae s.l.: Achariaceae, Balanopa-

ceae, Caryocaraceae, Chrysobalanaceae (incl.
Dichapetalaceae, Trigoniaceae), Ctenolophon-
aceae, Goupiaceae, Irvingiaceae, Ixonantha-
ceae, Lacistemataceae, Linaceae, Ochnaceae,
Rhizophoraceae (incl. Erythroxylaceae) and
Violaceae. However, the relationships between
all of these families were not well supported.

The most recent molecular studies appear
to bring the clades of Euphorbiaceae s.l. even
closer together (Wurdack et al. 2004, 2005;
Samuel et al. 2005; Kathriarachchi et al.
2005). A weakly supported sister relationship
between Picrodendraceae and Phyllanthaceae
has appeared in several studies based on rbcL
or rbcL plus two other regions (Wurdack 2002,
Davis and Chase 2004, Wurdack et al. 2004).
Most recently, a study based on nucleotid
sequences of 4 regions retrieved a clade with
Euphorbiaceae s.str. sister to a clade with
Phyllanthaceae + Picrodendraceae plus only 5
other families (Ochnaceae, Medusagynaceae,
Quiinaceae, Ctenolophonaceae, and the genus
Centroplacus) (Davis et al. 2005).

A study with good resolution for the entire
Euphorbiaceae s.l. is still missing but more
detailed analyses are in progress (Wurdack and
Davis 2005, Tokuoka and Tobe 2005). Thus,
major changes to the overall topology of the
major subclades of Malpighiales are to be
expected.

Of the three larger clades of the classical
Euphorbiaceae s.l., Picrodendraceae is the
smallest (ca. 28 genera, ca. 100 species) and
morphologically the least investigated. There
are two structural surveys of the clade, one
based on leaf and wood anatomy (Hayden
1994) and the other on pollen structure (Levin
and Simpson 1994, Simpson and Levin 1994).
Other related publications mainly concentrate
on the structure or taxonomy of single species
or genera (e.g. Forster 1995, 1997a, b; Forster
and van Welzen 1999). Berg (1975) investi-
gated the gynoecium development of two
Micrantheum species in order to gain a better
understanding of their myrmecochorous dis-
persal, Hakki (1985) studied the gynoecium
and some embryological characters of Picro-
dendron baccatum, and Dahlgren and Van
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Wyk (1988) presented a general description of
Androstachys johnsonii including the female
flowers.

For the other two larger clades, Euphorbi-
aceae s.str. and Phyllanthaceae, several exten-
sive works on structural aspects were
published over the past decade (e.g. Kapil
and Bhatnagar 1994; Tokuoka and Tobe 1995,
1998, 2001, 2003; Jensen et al. 1994; Nowicke
1994). From these publications it appears that
the female flowers are the least variable part of
the plant in Euphorbiaceae s.I. Sutter and
Endress (1995) found that the gynoecium of
Euphorbiaceae s.str. and Phyllanthaceae has
special features, which in their combination
may be unique to Euphorbiaceae s.l., such as
epitropous, crassinucellar ovules, protruding
nucellar beaks and obturators.

In the present study the gynoecium of nine
species of eight genera of the Picrodendraceae
is investigated with the aim to increase our
knowledge on a poorly known family and to
contribute to the discussion of the inter- and
intrafamiliar relationships of the Euphorbia-
ceae s.l.

Material and methods
The following taxa and collections were studied:

Austrobuxus megacarpus P.1. Forst., coll. P. For-
ster, PIF 19209, B. Hyland, B.H. 13521

Choriceras majus Airy Shaw, coll. B. Hyland, B.H.
9365

Dissiliaria baloghioides Balill., coll. P. Forster, PIF
13126 A

Dissiliaria muelleri Baill., coll. P. Forster, PIF
12713

Micrantheum hexandrum Hook.f., coll. A. Kocyan,
AK 98 1007/1/02

Neoroepera banksii Benth., coll. B. Hyland, B.H.
6946

Petalostigma pubescens Domin, coll. P. Forster,
PIF 14066

Sankowskya stipularis P.1. Forst., coll. B. Hyland,
B.H. 13893

Whyanbeelia terrae-reginae Airy Shaw & B.Hyland,
coll. P. Forster, PIF 17171

Anthetic flowers fixed in FAA and stored in
70% ethanol were used for light (LM) and

scanning electron microscopy (SEM). For serial
microtome sections specimens were embedded in
Kulzer’s Technovit (2-hydroethyl methacrylate),
as described in Igersheim (1993) and Igersheim
and Cichocki (1996), and sectioned with a
Microm HM 335 rotary microtome and conven-
tional microtome knife D. The 5 pm thick
sections were stained with ruthenium red and
toluidine blue (Weber and Igersheim 1994). All
sections were mounted in Histomount. For SEM
studies, specimens were dehydrated in ethanol and
acetone, critical-point dried, and sputter-coated
with gold. All vouchers (liquid-fixed material and
permanent slides of the microtome sections) are
deposited at the Institute of Systematic Botany of
the University of Zurich (Z), Switzerland.

Glossary

Angiospermy types: Angiospermy (carpel clo-
sure) within angiosperms takes place in a variety of
different ways, including secretion of the carpel
margins and postgenital fusion of the carpel
margins to varying degrees: type 1 (only secretion),
type 2 (secretion and partial postgenital fusion at
the periphery), type 3 (secretion and complete
postgenital fusion at the periphery), type 4 (only
postgenital fusion) (Endress and Igersheim 2000).

Nucellar cap (histological term): A plurilay-
ered tissue at the nucellus apex derived from
periclinal divisions of epidermal cells (Bouman
1984, Johri et al. 1992) or of epidermal and/or
hypodermal cells (Maheshwari 1950, Kapil and
Bhatnagar 1994). These two variants cannot always
be easily distinguished.

Nucellar beak (morphological term): The elon-
gate apical part of a nucellus, which protrudes into
or through the micropyle (Bouman 1984, Johri
et al. 1992, Kapil and Bhatnagar 1994), at the
histological level commonly concomitant with a
nucellar cap.

Nucellar pad: A strand of especially differenti-
ated tissue formed below the nucellar apex by
radially elongate cell files in the nucellar epidermis
and hypodermal area, which apparently forms the
pathway for pollen tubes from the nucellus apex to
the embryo sac (Johri et al. 1992).

Secondary septum: A complete or incomplete
wall subdividing each locule of the ovary between
the two ovules.

Obturator size: Is defined here in relation to
ovule size (volume).
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Figs. 1-2. SEM micrographs of female flowers at anthesis. 1 Austrobuxus megacarpus (B.H. 13521).
2 Micrantheum hexandrum (Scale bars = 1 mm). Figs. 3-9 TS of female flowers, showing perianth aestivation.
3 Austrobuxus megacarpus (PIF 19209), imbricate. 4 Choriceras majus, open. 5 Dissiliaria baloghioides,
imbricate. 6 Dissiliaria muelleri, open. 7 Micrantheum hexandrum, open. 8 Petalostigma pubescens, imbricate.
9 Sankowskya stipularis, imbricate. (Scale bars = 1 mm)

PTTT: Abbreviation for “Pollen tube trans-
mitting tract”, the pathway for pollen tubes within
the gynoecium.

Epitropous (antitropous): related to the curva-
ture direction of the anatropous ovule, which is
opposite to the curvature direction of the carpel
(Endress 1994).

Results

The descriptions are for anthetic flowers.
Austrobuxus megacarpus. Flowers have a
single perianth whorl of four sepals (Fig. 1).
Aestivation is imbricate with one inner, one
outer and two intermediate sepals (Fig. 3).

A nectary disc with uni- or multicellular
(uniseriate), unlignified hairs is present. The
gynoecium is of angiospermy type 4. The 2—4
carpels are free above the ovary, they are
entire (not bifurcate) and have a ventral
furrow (Figs. 10, 11). The stigma appears to
be dry and is unicellular papillate. The ovary
is synascidiate for two thirds of its length.
The two ovules per carpel are bitegmic,
crassinucellar, anatropous and epitropous. A
nucellar cap and pad are present. A nucellar
beak may also be present (Fig. 21). The
micropyle is formed by the inner integument,
and it is slightly open. The micropyle
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Figs. 10-12. TS series of gynoecia of anthetic flowers, morphological surfaces drawn with solid line,
postgenitally fused areas indicated with dashed lines, PTTT shaded grey. 10 Austrobuxus megacarpus (PIF
19209); A stigmatic region of the free carpels, plicate zone; B-E symplicate zone; F-K synascidiate zone;
L Gynoecium base. 11 Austrobuxus megacarpus (B.H. 13521); A-D symplicate zone; E-K synascidiate zone;
L Gynoecium base. 12 Choriceras majus; A stigmatic region of the free carpels, plicate zone; B-D symplicate
zone; E-H synascidiate zone; I Gynoecium base. (Scale bars = 1 mm)

opening is round or slit-like and is filled by
the intruding obturator (Figs. 20, 21). The
obturator is larger than the ovules (Figs. 19,
33). Few unlignified, unicellular hairs are
present at the base of the locule wall

(collection PIF 19209). A short secondary
septum at the base between the two ovules of
a locule reaching only up to a tenth of the

locule length was found (collection B.H.
13521).
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Figs. 13-15. TS series of gynoecia of anthetic flowers, morphological surfaces drawn with solid line,
postgenitally fused areas indicated with dashed lines, PTTT shaded grey. 13 Dissiliaria baloghioides; A-B
stigmatic region of the free carpels, plicate zone of carpels; C—G symplicate zone; H-M synascidiate zone;
N Gynoecium base. 14 Dissiliaria muellerii; A-D symplicate zone; E-G synascidiate zone; H Gynoecium base.
15 Micrantheum hexandrum; A stigmatic region of the free carpels, plicate zone; B-D symplicate zone; E-F

synascidiate zone. (Scale bars = 0.5 mm)

The carpels have a dorsal vascular bundle
which extends up to the stigmatic region
(Figs. 10, 11). In the style and upper ovary
several smaller lateral bundles are present.
They form an irregular network between
themselves and with the dorsal bundle. In the
upper ovary these lateral bundles unite into
synlaterals, which extend downwards into the
septa between the locules. In the synascidiate
zone, the synlateral bundles and the two ovular
bundles of each carpel unite into a central
vascular complex. The ovular bundle branches

in the chalazal region, and the branches end at
the base of the inner integument. At the base
of the ovary the dorsal bundles join the central
vascular complex, and together they form a
ring-shaped stele.

The PTTT is one cell layer thick lining the
ventral furrow of the plicate zone. A compitum
may be present in the symplicate zone, and at
the level of the upper third of the locules it
divides into four horizontal branches, each
entering a locule via the surface of the obtu-
rator. The outer integument is 3 or 4 cell layers
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Figs. 16-18. TS series of gynoecia of anthetic flowers, morphological surfaces drawn with solid line,
postgenitally fused areas indicated with dashed lines, PTTT shaded grey. 16 Neoroepera banskii; A—E symplicate
zone; F-G synascidiate zone. 17 Petalostigma pubescens; A stigmatic region of the free carpels, plicate zone;
B-D symplicate zone; E-G synascidiate zone; H Gynoecium base. 18 Sankowskya stipularis; A stigmatic
region of the free carpels, plicate zone; B-F symplicate zone; G-K synascidiate zone. (Scale bars =
1 mm)
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Figs. 19-25. SEM micrographs of ovules and obturators (i inner integument, o outer integument, Ob
obturator, asterisk ovule). 19-21 Austrobuxus megacarpus (19, 20, PIF 19209; 21, B.H. 13521). 19 Ovules with
obturator and few intraovarian hairs (arrow head). 20 Slit-like and round micropyle (obturator partly
removed) exostome open, endostome closed. 21 Open micropyle with tip of the nucellar beak (arrow). 22
Choriceras majus, ovules with obturator. 23 Dissiliaria baloghioides, ovules with obturator and intraovarian
hairs. 24-25 Dissiliaria muellerii. 24 Ovules with slit-like micropyle and obturator. 25 Micropyle (uppermost
part of outer integument removed), endostome open with nucellar beak (arrow). (Scale bars: 19, 22-24 =
0.3 mm; 20 = 0.2 mm; 21, 25 = 50 pum)
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Figs. 26-32. SEM micrographs of ovules and obturators (i inner integument, o outer integument, Ob
obturator, asterisk ovule). 26 Micrantheum hexandrum, ovules with obturator. 27 Neoroepera banskii, ovules
with obturator. 28 Petalostigma pubescens, ovules with obturator and intraovarian hairs (arrow head). 29, 30
Sankowskya stipularis. 29 Ovules with obturator. 30 Micropyle (uppermost part of outer integument and
obturator partly removed), endostome open with nucellar beak (arrow). 31, 32 Whyanbeelia terrae-reginae. 31
Ovules with obturator. 32 Micropyle (integuments partly removed on one side), showing nucellus with pointed
nucellus (arrow). (Scale bars: 26-29 = 0.2 mm; 30, 32 = 50 um; 31 = 0.3 mm)
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Figs. 33-36. Longitudinal sections of ovules and obturators, placenta on the left (Ob obturator). 33
Austrobuxus megacarpus (B.H.13521). 34 Dissiliaria baloghioides. 35 Neoroepera banskii. 36 Petalostigma

pubescens. (Scale bars: 33 = 0.3 mm; 34-36 = 0.2 mm)

thick, the inner 4 cell layers. The rims of the
outer integument may be thickened. There is a
space between the outer and inner integument.
Tanniferous tissue is not present. Cells con-
taining oxalate druses and cells with a thick-
ened, mucilaginous inner wall are present in
the mesophyll of sepals and gynoecium (plicate
and uppermost symplicate zone).

Choriceras majus. Flowers are 3-merous
with two perianth whorls of sepals. Aestivation
in each whorl is open but the sepals overlap
between whorls (Fig. 4). The nectary disc
segments are glabrous. The gynoecium is of
angiospermy type 4. The carpels are free above
the ovary and entire with a ventral furrow
(Fig. 12). The stigma appears dry and is
unicellular papillate. The ovary is synascidate
for half of its length. The two ovules per locule
are bitegmic, crassinucellar, anatropous and
epitropous. The micropyle is formed by both
integuments, the exostome is open forming a
triangle-shaped opening and is filled by the
intruding obturator. A nucellar cap or beak
are absent. The obturator is as large as the
ovules (Fig. 22). Few unlignified unicellular

hairs are present in the locule, originating on
the ventral side of the wall.

Carpels have a dorsal vascular bundle,
which extends up to the stigmatic region
(Fig. 12). In the style and upper ovary several
smaller lateral bundles are present. They form
an irregular network between themselves and
the dorsal bundle. In the upper ovary the
lateral bundles extend downwards into the
septa between the locules. In the synascidiate
zone the lateral bundles and the two ovular
bundles of each carpel unite into a central
vascular complex. The ovular bundle branches
in the chalazal region and the branches end at
the base of the inner integument. At the base
of the ovary the dorsal bundles join the central
vascular complex and form a ring-shaped stele.

The PTTT is one cell layer thick in the
ventral furrow of the plicate and uppermost
symplicate zone. The compitum divides into
three horizontal branches in the upper half of
the locule, each entering a locule via the
surface of the obturator. Both integuments
are 4 cell layers thick. The rim of the outer
integument is thickened. The inner epidermis
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Figs. 37-38. Median longitudinal sections of ovules. 37 Sankowskya stipularis. 38 Micrantheum hexandrum.

(Scale bars = 0.1 mm)

of the inner integument is tanniferous. Tan-
niferous tissue is also present in other parts of
the ovary. Cells containing oxalate crystals or
druses are absent.

Dissiliaria baloghioides and D. muelleri.
Flowers are mainly 3-merous with two peri-
anth whorls of sepals. In D. baloghioides
aestivation is imbricate in each whorl with
one inner, one outer and one intermediate
sepal (Fig. 5). In D. muelleri aestivation in
each whorl is open but the sepals between
whorls overlap (Fig. 6). A nectary disc with
uni- or multicellular (uniseriate), unlignified
hairs is present. The gynoecium is of angio-
spermy type 4. The three (three or four in D.
muelleri) carpels are free above the ovary, they
are entire and have a ventral furrow (Figs. 13,
14). The stigma appears dry and is unicellular
papillate with long uni- or multicellular hairs
interspersed between the papillate cells
(Fig. 39). The ovary is synascidiate for two
thirds of its length. The two ovules per carpel
are bitegmic, crassinucellar, hemitropous and
epitropous. A nucellar cap and pad are
present. In D. muelleri a nucellar beak is
present (Fig. 25). The micropyle is formed by
both integuments. The obturator is larger than
the ovules and covers part of the micropyle but

does not intrude (Figs. 23, 24, 34). In D.
baloghioides the exostome and endostome are
slightly open (Fig. 34), the opening being
triangle-shaped. In D. muelleri only the endos-
tome is open and the micropyle is slit-like.
Unlignified, unicellular hairs are present on the
ventral side of the locule wall (Fig. 34).

Carpels have a dorsal vascular bundle,
which extends up to the stigmatic region
(Figs. 13, 14). In the upper ovary several
smaller lateral bundles are present, they form
an irregular network between themselves and
with the dorsal bundle. Lower down they unite
into synlaterals, which extend downwards into
the septa between the locules. In the synasci-
diate part, the synlateral bundles and the two
ovular bundles of each carpel unite into a
central vascular complex. The ovular bundle
ends at the base of the nucellus (D. baloghio-
ides) or branches in the chalazal region and the
three branches end at the base of the inner
integument (D. muelleri). At the base of the
ovary the dorsal bundles join the central
vascular complex, and together they form a
ring-shaped stele.

The PTTT is one cell layer thick lining the
ventral furrow of the plicate zone. A central
gap between the carpels is present in the
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Figs. 39-45. TS stigmatic region, with hairs interspersed between the unicellular stigmatic papillae (arrows). 39
Dissiliaria baloghioides. 40 Petalostigma pubescens. Figs. 41-45 TS ovary locule with ovules, showing spaces
between integuments and/or inner integument and nucellus. 41 Austrobuxus megacarpus (PIF 19209)
(Picrodendraceae). 42 Andrachne colchica Boiss. (Phyllanthaceae) (Sutter 36, cult. Botanic Garden, University
of Zurich). 43 Acalypha hispida Willd. (Euphorbiaceae-Acalyphoideae) (Sutter 5/22, cult. Botanic Garden,
University of Zurich). 44 Manihot esculenta Crantz (Euphorbiaceae-Crotonoideae) (Sutter 28/31, cult. Botanic
Garden, University of Zurich). 45 Monadenium guentheri Pax (Euphorbiaceae-Euphorbioideae) (Sutter 30/40,
cult. Botanic Garden, University of Zurich). (Scale bars: 39, 40 = 50 um; 41-43, 45 = 0.1 mm; 44 = 0.3 mm)

uppermost symplicate zone lined by a single  thick, the inner integument is 4 (3 or 4 in

layer of PTTT. A compitum may be present in
the symplicate zone below the central gap; in
the upper third of the locules the compitum
divides into three horizontal branches, each
entering a locule via the surface of the obtu-
rator. The outer integument is 3 cell layers

D. muelleri) cell layers thick. The rims of the
outer integument may be thickened. There is a
space between the outer and inner integument.
Tanniferous tissue is not present. Few cells
containing oxalate crystals and druses are
present in the sepals, ovary wall and style.
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Micrantheum hexandrum. Flowers are 3-
merous with two perianth whorls of sepals
(Fig. 2) (see also Berg 1975). Aestivation in
each whorl is open, but the sepals overlap
between whorls (Fig. 7). The nectary disc is
glabrous. The gynoecium is of angiospermy
type 4. The carpels are free above the ovary
and are entire with a ventral furrow (Fig. 15).
The stigma is unicellular papillate (see also
Berg 1975) and appears wet. The ovary is
synascidiate for half of its length. The two
ovules per carpel are bitegmic, crassinucellar,
anatropous and epitropous. A nucellar cap
and pad are present (see also Berg 1975). The
micropyle is formed by both integuments,
the exostome is open, round and filled by the
intruding obturator (Fig. 37) (see also Berg
1975). The obturator is smaller than the ovules
(Fig. 26). There are no intraovarian hairs.

Carpels have a dorsal and two lateral
vascular bundles, which extend up to the
stigmatic region (Fig. 15). In the style and
upper ovary several smaller lateral bundles are
present. They form an irregular network
between themselves and the dorsal bundle. In
the upper ovary the lateral bundles extend
downwards into the septa between the locules.
In the synascidiate zone the lateral bundles and
the two ovular bundles of each carpel unite
into a central vascular complex. The ovular
bundle branches in the chalazal region and the
branches end at the base of the inner integu-
ment (Fig. 37). At the base of the ovary the
dorsal bundles join the central vascular com-
plex and form a ring-shaped stele.

The PTTT is 1-3 cell layers thick lining the
ventral furrow of the plicate zone. A compitum
appears to be present in the symplicate zone, it
is 3 or 4 cell layers thick in the upper half and
1-3 cell layers thick in the lower half of the
symplicate zone. At the level of the upper half
of the locules the compitum divides into three
horizontal branches, each entering a locule via
the surface of the obturator. The outer integ-
ument is 3 or 4 cell layers thick, the inner 5 cell
layers (Fig. 37) (see also Berg 1975). The rim
of the outer integument is thickened. The outer
epidermis of the outer integument consists of

radially enlarged cells (see also Berg 1975). The
inner epidermis of the inner integument is
tanniferous. Tanniferous tissue is also present
in the sepals, compitum and obturator surface.
Cells containing oxalate druses are present in
the sepals (few), carpel wall and style (few).
Neoroepera banksii. Flowers are 3-merous
with two perianth whorls of sepals. Aestivation
is open (but imbricate in flower buds). The
nectary disc segments are glabrous. The gynoe-
cium is of angiospermy type 4. The carpels are
free above the ovary and are entire with a
ventral furrow (Fig. 16). The stigma is unicel-
lular papillate. The ovary is synascidiate for
half of its length. The two ovules per locule are
bitegmic, crassinucellar, anatropous and epi-
tropous. The micropyle is formed by both
integuments and is slightly open, with a round
opening, which is filled by the intruding
obturator. A nucellar beak is absent, and a
cap also appears to be absent. An inconspic-
uous nucellar pad may be present. The obtu-
rator is as large as the ovules (Figs. 27, 35).
Carpels have a dorsal vascular bundle,
which extends up to the stigmatic region
(Fig. 16). In the style and upper ovary several
smaller lateral bundles are present. They form
an irregular network between themselves and
the dorsal bundle. In the upper ovary the
lateral bundles extend downwards into the
septa between the locules. In the synascidiate
zone the lateral bundles and the two ovular
bundles from each carpel unite into a central
vascular complex. The ovular bundle branches
in the chalazal region and the branches end at
the base of the inner integument. At the base
of the ovary the dorsal bundles join the central
vascular complex and form a ring-shaped stele.
The PTTT is 1-3 cell layers thick in the
ventral furrow of the plicate zone and about 3
cell layers thick in the uppermost symplicate
zone. A compitum also comprising about 3 cell
layers may be present in the symplicate part.
At the level of the upper half of the locule the
compitum divides into three horizontal
branches each entering a locule via the surface
of the obturator. The outer integument is 3 cell
layers thick, the inner 4 cell layers. The rim of
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the outer integument is thickened. The inner
epidermis of the inner integument is tannifer-
ous (Fig. 35). Tanniferous tissue is also present
in the sepals, stigma, PTTT and obturator
surface (Fig. 35). Cells containing oxalate
druses are present in the sepals, carpel wall
and style (few).

Petalostigma pubescens. Flowers are 4-
merous with two perianth whorls of sepals.
Aestivation is imbricate in each whorl (Fig. 8).
The outer whorl has two outer and two inner
sepals, the inner whorl is contort. The gynoe-
cium is of angiospermy type 4. The carpels are
free above the ovary and are entire with a
ventral furrow (Fig. 17). The stigma appears
dry, it is unicellular papillate and with long
unicellular or multicellular hairs interspersed
between the papillate cells (in accordance with
the results of Forster and Van Welzen 1999)
(Fig. 40). The ovary is synascidiate for two
thirds of its length. The two ovules per locule
are bitegmic, crassinucellar, hemitropous and
epitropous. A nucellar cap and pad are
present. The micropyle is formed by both
integuments and is open and slit-like. The
obturator reaches only into the upper end of
the micropyle. It is as large as the ovules
(Figs. 28, 36). Unlignified, unicellular hairs
originate on the ventral side of the locule wall;
they leave indents on the ovules and obturator
(Fig. 36).

Carpels have a dorsal vascular bundle,
which extends up to the stigmatic region
(Fig. 17). In the upper ovary several smaller
lateral bundles are present. The lateral bundles
form an irregular network between themselves
and the dorsal bundle. They unite into synlat-
erals, which extend downwards into the septa
between the locules. In the synascidiate zone,
the synlateral bundles and the two ovular
bundles of each carpel unite into a central
vascular complex. The ovular bundle branches
in the chalaza and the branches end at the base
of the inner integument. There are no vascular
bundles in the integuments. At the base of the
ovary the dorsal bundles join the central
vascular complex, and together form a ring-
shaped stele.

The PTTT is one cell layer thick lining the
ventral furrow of the plicate zone. A central
gap between the carpels is present in the
uppermost symplicate part lined by a single
layer of PTTT. A compitum may be present in
the symplicate part below the central gap. At
the level of the upper third of the locule the
compitum divides into four horizontal
branches each entering a locule via the surface
of the obturator. The outer integument is 3 or
4 cell layers thick, the inner 4 cell layers. The
integuments are free from each other. The rim
of the outer integument may be thickened. The
inner and outer epidermis of the inner integ-
ument are stained darker than the hypodermal
cells of the inner integument but are not
obviously tanniferous. Tanniferous tissue is
present in the sepals. Cells containing oxalate
druses are present in the sepals (adaxial
hypodermis), ovary wall and style.

Sankowskya stipularis. Flowers are 3-mer-
ous with one perianth whorl of sepals (see also
Forster 1995). Aestivation is imbricate with
one inner, one outer and one intermediate
sepal (Fig. 9). Nectary disc segments are
without hairs. The gynoecium is of angio-
spermy type 4. The carpels are free above the
ovary, they are entire with a ventral furrow
(Fig. 18). The stigma appears wet, it is unicel-
lular papillate with long hairs interspersed
between the papillate cells. The ovary is
synascidiate for two thirds of its length. The
two ovules per locule are bitegmic, crassinu-
cellar, anatropous and epitropous. A nucellar
beak is present (Figs. 30, 38). The micropyle is
formed by both integuments and is open,
forming a round opening, which is filled by
the intruding obturator. The obturator is
larger than the ovules (Fig. 29). There are no
intraovarian hairs.

Carpels have a dorsal vascular bundle,
which extends up to the stigmatic region
(Fig. 18). In the style and upper ovary several
smaller lateral bundles are present. They form
an irregular network between themselves and
with the dorsal bundle. In the upper ovary the
laterals extend downwards into the septa
between the locules. In the synascidiate zone
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the lateral bundles and the two ovular bundles
of each carpel unite into a central vascular
complex. The ovular bundle branches in the
chalazal region and the branches end at the
base of the inner integument (Fig. 38). At
the base of the ovary the dorsal bundles join
the central vascular complex, and together
they form a ring-shaped stele.

The PTTT is 4-6 cell layers thick lining the
ventral furrow of the plicate zone and in the
uppermost symplicate zone. Below, a compi-
tum may be present. At the level of the upper
third of the locule the compitum divides into
three horizontal branches (c. 4 cell layers thick)
each entering a locule via the surface of the
obturator. The outer integument is 2 or 3 cell
layers thick, the inner integument is 3 or 4 cell
layers thick (Fig. 38). The rim of the outer
integument is not thickened. Tanniferous tis-
sue is present in the stigma, PTTT and
obturator surface. Cells containing oxalate
druses are present in the sepals, carpel wall
and style.

Whyanbeelia terrae-reginae. The material
available was not sufficient to study all the
aspects described for the other taxa. Flowers
are 3-merous with two perianth whorls of
sepals. Aestivation is imbricate (Webster
1994b). Nectary disc segments are glabrous.
The gynoecium is of angiospermy type 4. The
carpels are free above the ovary, they are entire
with a ventral furrow. The stigma is non-
papillate, long unicellular or multicellular hairs
are interspersed between the stigmatic cells.
The ovary is synascidiate for two thirds of its
length. The two ovules per locule are bitegmic,
probably crassinucellar, anatropous and epi-
tropous. The micropyle is formed by both
integuments. The nucellus is pointed but does
not form a beak (Fig. 32). The obturator is as
large as the ovules (Fig. 31).

A compitum may be present in the sympli-
cate zone. At the level of the upper third of the
locule the compitum divides into three hori-
zontal branches each entering a locule via the
surface of the obturator. Tanniferous tissue is
not present. Few cells containing oxalate
crystals and druses are present in the style.

Discussion
Female floral structure of Picrodendraceae

Floral merism, perianth, nectary. The perianth
is mainly 3-merous with two whorls (rarely one
whorl) of sepals, less often 4-merous with one
or two whorls of sepals or more diverse (3-9
(—13)-merous) (Radcliffe-Smith 2001, this
study). Petals are absent.

The gynoecium is 3-merous in 17 genera, 2-
merous in two genera, and more variable (2—-3-,
3—4-, or 3-—5-merous in eight genera (Radcliffe-
Smith 2001, this study). Where the gynoecium
is 3-merous, the perianth is commonly 3-
merous with one or two whorls of sepals, or
less often more variable (4- to 9-merous)
(Radcliffe-Smith 2001). Where the gynoecium
is not regularly 3-merous (2-5-merous), sepal
number also tends to be unstable (3—13 sepals).
Regularly 5-merous taxa do not seem to be
present (Radcliffe-Smith 2001).

Sepal aestivation in the species studied is
(considering each whorl separately if two are
present) often imbricate (in 4- and 3-merous
flowers with one or two whorls of sepals) or
less often open (in 3-merous flowers with two
whorls of sepals). Imbricate aestivation is
formed by one inner, one outer and one/two
intermediate sepals or by two inner and two
outer sepals.

A nectary in the shape of a disc or disc
segments (around the base of the gynoecium) is
present in all species studied, except for Pet-
alostigma pubescens. In other Picrodendraceae
a nectary disc is more or less equally often
present or absent (Webster 1994b). In three
species (Austrobuxus megacarpus, Dissiliaria
baloghioides, D. muelleri) uni- or multicellular
(uniseriate), unlignified hairs are present on the
disc. Hairs on the disc were also reported for
Podocalyx (Webster 1994D).

Gynoecium. In the taxa investigated (and
in most other Picrodendraceae), carpels are
free above the ovary, or shortly connate in
Dissiliaria, Micrantheum, and Whyanbeelia.
The stylar branches are entire; however, in
Croizatia, Piranhea, and Oldfieldia they are
bifurcate (Radcliffe-Smith 2001). In all taxa
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investigated the gynoecium is of angiospermy
type 4 (for term, see Glossary and Endress and
Igersheim 2000). The ovary is synascidiate for
half or two thirds of its length, and symplicate
above.

The stigma is unicellular papillate (non-
papillate in Whyanbeelia) and appears dry in
most species (wet in Sankowskya and Mic-
rantheum). Uni- or multicellular unlignified
long hairs are interspersed between the stig-
matic cells in varying amounts in Dissiliaria,
Sankowskia, Whyanbeelia, and Petalostigma.

A ventral furrow is present in the free part
of the carpels. It is commonly lined by one cell
layer of PTTT, but one to three cell layers in
Neoroepera and Micrantheum, and four to six
in Sankowskya. In the uppermost symplicate
zone of the gynoecium there is a central gap
between the carpels, which is lined with PTTT
(Austrobuxus, Dissiliaria, Petalostigma). A
compitum appears to be present in the sym-
plicate zone in all species. In the upper third or
half of the ovary the compitum divides into
three or four horizontal branches, each enter-
ing a locule via the surface of the obturator.
An incomplete secondary septum in the basal
part of the locule may be present in Aus-
trobuxus. This feature appears to be new for
Picrodendraceae.

The carpels always have a dorsal vascular
bundle, which extends up to the stigmatic
region, and several smaller lateral bundles in
the style and upper ovary, which may be
united into synlateral bundles. Synlateral bun-
dles are restricted to the synascidiate part, but
in Micrantheum they are lacking.

Cells containing oxalate crystals or, more
often, druses are found in all species studied
and occur in the sepals, ovary wall and style.
Only in Choriceras were crystals and druses
absent. In Austrobuxus, in the sepals and style
distinctive hypodermal (never epidermal)
groups of cells with a thickened, mucilaginous
inner cell wall are present. The only literature
records of similiar mucilage cells in floral parts
of rosids in the sepal and carpel epidermis
(rarely hypodermis) are by Matthews et al.
2001 and Matthews and Endress (2002, 2004,

2005a,b, 2006) for some Crossosomatales,
Oxalidales, Cucurbitales, Fabales, Fagales,
Rosales, and Perrottetia (now placed in mal-
vids, Zhang and Simmons 2006), and, among
Malpighiales, some Ochnaceae, Rhizophora-
ceae, and Violaceae. Tanniferous tissue is
present in various areas of the floral organs
in half of the species studied. In Choriceras it is
found in the ovary, in Sankowskya, Neoroe-
pera and Micrantheum in the stigma, PTTT,
compitum and obturator surface, and in Pet-
alostigma only in the sepals. Intra-ovarian
hairs are present in five of the ten species here
investigated and also in Picrodendron baccatum
(Hakki 1985). They originate on the ventral
side or at the base of the locule and are
unicellular, unlignified, and non-secretory.

Ovules. All species studied have two
ovules per carpel. They are bitegmic, crassi-
nucellar (and relatively thick in the range of
crassinucellar ovules), anatropous or hemitro-
pous, and epitropous. The two integuments
and the nucellus tend to be separated from
each other by a narrow space, as seen in
Austrobuxus, Dissiliaria, and Petalostigma. An
obturator is always present and is as large as or
larger than the ovules (see also Berg 1975,
Hayden et al. 1984, Hakki 1985, Radcliffe-
Smith 2001). Sometimes the obturator intrudes
into the micropyle to various degrees, which
may lead to different shapes of the micropyle:
it is circular, slit-like or triangular. However,
there are also micropyles that are open without
an intruding obturator (Dissiliaria baloghio-
ides, Petalostigma). The micropyle is com-
monly formed by both integuments but only
by the inner integument in Austrobuxus. The
rim of either both or only the outer (some-
times none) integument(s) is more or less
thickened. Seeds commonly have caruncles
(Levin and Simpson 1994), which develop
from this rim of the outer integument (Berg
1975).

In most species of this study the inner
integument is thicker (3—5 cell layers) than the
outer (2 or 3 cell layers). Only in Austrobuxus
and Choriceras may the outer integument be as
thick as the inner (3 or 4 and 4 cell layers,
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respectively) (this study). In Picrodendron the
outer integument is thicker (5 or 6 cell layers)
than the inner (4 cell layers) (Hakki 1985).

Vascular bundles in the integuments are
not present. In most species studied the bundle
that serves the ovule branches in the chalazal
region, and the branches end at the base of the
inner integument. More rarely, the vascular
bundle ends in the chalaza without branching
(Dissiliaria baloghioides, this study; Picroden-
dron, Hakki 1985).

In some species the cells of the inner
epidermis of the inner integument are tannifer-
ous (or darkly stained but not obviously tan-
niferous). However, these cells are not radially
elongated in the manner of an endothelium.

In the ovules of Picrodendraceae studied
here, the nucellar apex shows three kinds of
differentiations: (1) a nucellar cap is formed
(Austrobuxus, Dissiliaria, Micrantheum, Pet-
alostigma, Whyanbeelia; (2) the nucellar apex
turns into a nucellar beak (Austrobuxus, Dis-
siliaria muelleri, Sankowskya), and (3) a nucel-
lar pad is formed (Austrobuxus, Dissiliaria,
Petalostigma, Micrantheum, Neoroepera). In
general, a nucellar beak that protrudes into or
through the micropyle is less common than a
nucellar cap. The presence of a nucellar pad is
not correlated with a nucellar cap or beak.
Also, there is no correlation between the
number of cell layers in the nucellar apex in
nucelli with or without a pad.

Female floral structure of Picrodendraceae
compared with other Euphorbiaceae s.1.

In Picrodendraceae and all other Euphorbia-
ceae s.l. flowers are unisexual (Webster 1994b),
and trimerous female flowers are common.
However, compared with Picrodendraceae
(with prevailing 3-mery in perianth and gynoe-
cium), merism in the other Euphorbiaceae s.1.
is more variable. In Phyllanthaceae, the peri-
anth is 5-merous in 4 (out of 7) tribes, it is
more variable with a fluctuation between 3-9-
merous in 3 tribes. Petals are present (and then
5) equally as often as they are absent. The
gynoecium is 3-merous in 3 tribes, 2-merous in

1 tribe, and more variable with a fluctuation
between 2-3- or 3—5-merous in 3 tribes. Where
the gynoecium is 3-merous, the perianth is 5-
merous. Where the gynoecium is more vari-
able, the perianth is also variable. In Panda-
ceae the perianth is 5 merous (petals present),
and the gynoecium is 2—-5 merous (variable in
each genus). In Putranjivaceae the perianth is
4- or 5- merous (petals absent), and the
gynoecium is 1-, 2-merous (3 genera) or 3-
merous (1 genus). In Euphorbiaceae s.str., the
perianth is 5-merous in 11 (out of 37) tribes,
and 3-merous in 1 tribe), more variable (3—8-
merous) in 26 tribes. Petals are more often
absent (24 tribes) than present (13 tribes) (and
then 5). The gynoecium is 3-merous in 24
tribes, but variably 2-6-merous (fluctuating
within the genera) in 13 tribes.

Floral discs (nectaries) are present or
absent in all families but Pandaceae (Webster
1994b). In some Euphorbiaceae s.str. (Euphor-
bia; Meeuse et al. 1989) without floral nectar-
ies, extrafloral nectaries are instrumental in
pollination biology instead. Hairs on the floral
nectary, as found in Picrodendraceae, are also
mentioned in Euphorbiaceae s.str. for ten
genera (Webster 1994b). However, they are
not recorded for Phyllanthaceae, Pandaceae or
Putranjivaceae (Webster 1994b).

Bifid stigmas are present in all families to
various degrees. Whereas in Picrodendraceae
they are rare, they are most common in
Phyllanthaceae. In Pandaceae they are bifid to
multifid. In Putranjivaceae they are entire (3
genera) or bifid (1 genus). In Euphorbiaceae
s.str. the stylar shape varies in each subfam-
ily: in Acalyphoideae entire to bifid or mul-
tifid, in Crotonoideae bifid to multifid, rarely
entire, and in Euphorbioideae commonly
entire, less often bifid (Endress 1994, Webster
1994b).

A secondary septum between the two
ovules of each carpel was found in one genus
of Picrodendraceae (Austrobuxus, this study)
and in one genus (Martretia) of Phyllanthaceae
(Radcliffe-Smith 2001). In the other three
families, the carpels are uniovulate, and thus,
secondary septa are not formed.
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The ovules are bitegmic and crassinucellar
in all five families. They are epitropous (except
for Pandaceae: in Microdesmis intermediate
between epitropous and apotropous, pers.
obs.) and commonly anatropous (but some-
times hemitropous in Picrodendraceae and
Phyllanthaceae), and in Pandaceae hemitro-
pous (Microdesmis, pers. obs.), anatropous
(and possibly orthotropous) (Galearia, For-
man 1966, 1972), or orthotropous (Panda,
Forman 1966). In all families, exept Panda-
ceae, an obturator is always present (Radcliffe-
Smith 2001, this study), which often intrudes
into the micropyle. As in Picrodendraceae, in
Phyllanthaceae, Putranjivaceae and Euphorbi-
aceae s. str. the obturator is often as large as or
even larger (in volume) than the ovules.

The presence of a gap between the integ-
uments and between inner integument and
nucellus as found here in Picrodendraceae
(Fig. 41) seems to be common also in Phyl-
lanthaceac and  Euphorbiaceeae  s.str.
(Figs. 42-45) (e.g. Kapil 1961, Chopra 1970,
Venkateswarlu and Rao 1975, Bor and Kapil
1976, Sutter and Endress 1995).

The micropyle is commonly formed by
both integuments in Euphorbiaceae s.str., and
mostly in Picrodendraceae, Phyllanthaceae,
and Putranjivaceae (Sutter and Endress
1995; Tokuoka and Tobe 1998, 1999, 2001,
2002, 2003). In Pandaceae the micropyle is
formed by the inner integument (pers. ob-
serv.), and rarely also in the other four
families.

The inner integument is commonly thicker
than the outer in the mature ovule, not only in
Picrodendraceae, but also in other Euphorbi-
aceae s.l. In Phyllanthaceae the inner integu-
ment is thicker, as thick as, or thinner than the
outer integument (outer 2-5, inner 2 or 3 cell
layers) (Mukherjee and Padhye 1964; Singh
1968, 1972, pers. obs.). For Euphorbiaceae
s.str, in subfamily Acalyphoideae and Euphor-
bioideae most genera have a thicker inner
integument (more than 8 cell layers), the outer
only 3-6 cell layers thick (Tokuoka and Tobe
2002, 2003); the same is true for subfamily
Crotonoideae (outer 3-8, inner 3—>15 cell

layers) (Rao 1964, 1976; Singh 1970a; Bor and
Bouman 1974; Rao and Rao 1976, pers. obs.;
no data for the outer integument in Tokuoka
and Tobe 1998). Also in Putranjivaceae the
inner integument is thicker than the outer
(outer 3-8, inner 7—14) (Singh 1970b, Tokuoka
and Tobe 1999). In Pandaceae (Microdesmis)
the outer integument is as thick as the inner
integument (pers. obs., Tokuoka and Tobe
2003). The presence of an inner integument
that is thicker than the outer is a feature of
interest at suprafamilial level in Malpighiales
and malvids (Endress and Matthews 2006)
(see subsequent chapter). In addition, finer
patterns of differential integument thickness
may be of infrafamilial interest (Tokuoka and
Tobe 1995, 2001). Thinnest inner integuments
are recorded in Phyllanthaceae (maximally 3
cell layers), followed by Picrodendraceae (3-5),
Euphorbiaceae s.str. (more than 8) and Pu-
tranjivaceae (7-14).

Vascularisation of mature ovules is diverse
in Euphorbiaceae s.I. A special feature is that
the vascular bundle often does not end in the
chalaza but may extend to the base of or into
the outer or inner integument by forming
several branches, or it may extend to the
nucellus. In Picrodendraceae vascular bundles
end at the base of the inner integument or in
the chalaza (Berg 1975, Hakki 1985, this
study). In Phyllanthaceae they may extend
into the outer integument (in five genera out
of 50 studied) (Tokuoka and Tobe 2001). In
Euphorbiaceae s.str. there may be several
vascular bundles in the inner integument
(Singh 1965; Singh and Pal 1968; Tokuoka
and Tobe 1998, 2002, pers. observ.), or one or
several in the outer integument (Singh 1954,
1962; Tokuoka and Tobe 2002 2003, pers.
observ.), or the vascular bundle may end in
the nucellus or at the base of the nucellus
(Johri and Kapil 1953, pers. observ.). In
Putranjivaceae several vascular bundles ex-
tend into the outer integument (Singh 1970b,
Tokuoka and Tobe 1999). Only in Pandaceae
does the vascular bundle not extend beyond
the chalaza (Microdesmis, pers. obs., Tok-
uoka and Tobe 2003). It appears that there is
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a correlation between the presence of vascu-
lature in the integuments and integument
thickness (numbers of cell layers), as also
discussed by Tokuoka and Tobe (1998, 2001,
2002, 2003). Thick integuments more often
contain vascular bundles than thin integu-
ments.

A nucellar cap has been recorded for many
Euphorbiaceae s.l. (e.g. Schweiger 1905, Nair
and Abraham 1963, Rao 1970, Bor and Kapil
1976, Kapil and Bhatnagar 1994, Sutter and
Endress 1995). A nucellar beak is less often
present, but occurs in all three larger families
(Nair and Abraham 1963, Mukherjee and
Padhye 1964, Singh 1968, Rao 1970, Bor
and Bouman 1974, Bor and Kapil 1976, Kapil
and Bhatnagar 1994, Sutter and Endress 1995).
In Phyllanthaceae and Euphorbiaceae s.str. a
nucellar beak that projects beyond the micro-
pyle is more often present than in Picroden-
draceae. In Putranjivaceac (Tokuoka and
Tobe 1999) and Pandaceae (Microdesmis, pers.
obs.) neither a nucellar cap nor a nucellar beak
is formed.

The wunusual character combination of
nucellar beak (which may project far out of
the micropyle), an extensive obturator and
epitropous ovules is shared by the three larger
families of Euphorbiaceae s.l. (but not Pand-
aceae and Putranjivaceae) (e.g. Sutter and
Endress 1995, this study). The presence of
obturators is always combined with epitropous
ovules, and this correlation seems to have a
functional basis, because in epitropous ovules
the micropyle is turned away from the placenta
and the obturator serves as an extended bridge
to conduct pollen tubes from the placenta to
the micropyle. Nevertheless, the combination
is unusual and should also be discussed at the
level of the order Malpighiales (see subsequent
chapter).

Intra-ovarian hairs as reported here for five
species of Picrodendraceae were not found in
either Phyllanthaceae and Euphorbiaceae s.str.
in our previous study (Sutter and Endress
1995) but are recorded now for both biovulate
families (also for Maesobotrya, Phyllantha-
ceae; pers. obs.).

Female floral structure in Euphorbiaceae s.l.
compared with “higher”” Malpighiales in general.

In the phylogenetic study by Chase et al. (2002)
all larger components of Euphorbiaceae s.l.
(except Pandaceae) are part of a large clade
within Malpighiales, which encompasses about
half the total number of families in the order.
To facilitate discussion this clade may be
referred to as ‘“‘higher Malpighiales” for the
time being. It is composed of 4 major clades (in
this discussion referred to as clade 1, 2, 3, 4). It
has to be taken into account, however, that the
relationships within Malpighiales (and within
“higher” Malpighiales ) are still poorly re-
solved (Davis et al. 2005, Wurdack and Davis
2005). Many of these families are small and
poorly known and therefore have never been
studied in detail as to their floral structural
features. Within clade 1, Linaceae appear as
sister to Picrodendraceae and both together are
sister to a clade comprising Ochnaceae, Phyl-
lanthaceae and Caryocaraceae. Clade 2 is sister
to clade 1. It comprises the two subclades
Chrysobalanaceae (including Euphroniaceae,
Dichapetalaceae, Trigoniaceae) + Balanopa-
ceae and Rhizophoraceae (including Erythr-
oxylaceae) + Ixonanthaceae (see also Litt and
Chase 1998). Clade 3 is sister to clade 1 + 2,
and it includes the subclades Violaceae +
Goupiaceae and Lacistemataceae + Ctenolo-
phonaceae, and further Achariaceae, which are
sister to the remainder of clade 3. Clade 4 is
sister to clade 1 + 2 and clade 3. It contains
Euphorbiaceae s.str. and Putranjivaceae +
Irvingiaceae. We use this framework for dis-
cussion, although it is being modified by
ongoing studies of different working groups
and is at present in a state of flux.

Trimerous flowers are rare in core eudicots,
although trimery of the gynoecium alone is
common in many rosids (Endress 1996). In
“higher” Malpighiales (other than Euphorbi-
aceae s.1.) the perianth is often 5-merous or less
often 3—6-merous. Petals are mainly present.
The gynoecium is 3-merous or varies between
2-5-merous. Although in Euphorbiaceae s.l.
(see above) carpel number is similar as in other
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“higher” Malpighiales, in Euphorbiaceae
s.str., Phyllanthaceae, and Picrodendraceae
the sepals are more often 3-merous and the
petals are commonly absent (which contrasts
with other “higher”” Malpighiales). It should
be considered that for wunisexual and, in
addition, apetalous flowers (most Euphorbia-
ceae s.. but no other higher Malpighiales
except Achariaceae) it is easier to become
completely trimerous than it is for bisexual
ones, because two or three fewer organ whorls
are involved in the change (Endress 1996).
Also, it is likely that this basic gynoecial
trimery may more or less influence merism of
the other whorls of floral organs (Endress
1996). Thus, for Euphorbiaceae s.1., and espe-
cially for Picrodendraceae there is a predom-
inance of completely 3-merous flowers which is
rare in other higher Malpighiales and eudicots.

The presence of an obturator is common in
“higher” Malpighiales (no records in lower
Malpighiales). It occurs not only in all Eu-
phorbiaceae s.I. (excluding Pandaceae), but
also in Ctenolophonaceae (Narayana and Rao
1971, 1978c), Dichapetalaceaec (Sutter and
Endress 1995), Erythroxylaceae (Boesewinkel
and Geenen 1980), Irvingiaceae (Wiger 1935),
Ixonanthaceae (Narayana and Rao 1966,
Figs. 28, 37), Linaceaec (Boesewinkel 1980,
Narayana and Rao 1978b, Sutter and Endress
1995), Rhizophoraceae (Tobe and Raven
1987) and Trigoniaceae (Boesewinkel 1987).
However, an obturator that intrudes into the
micropyle appears to be a character that is
special for Euphorbiaceae s.1. (excluding Pand-
aceae) since in other families of Malpighiales,
it has only been observed in Linaceae (Boese-
winkel 1980). Additionally, in Euphorbiaceae
s.l. the obturator is often large, whereas in
Ixonanthaceae and Rhizophoraceae it is med-
ium-sized, in Ctenolophonaceae and Linaceae
small to medium-sized, and in Dichapetala-
ceae, Erythroxylaceae, Irvingiaceae and Tri-
goniaceae small.

In Malpighiales most taxa have crassinu-
cellar ovules but in ‘“higher” Malpighiales,
clade 1+2 has five families with at least, in
part, incompletely tenuinucellar ovules (Och-

naceae, Linaceae, Chrysobalanaceae (incl.
Dichapetalaceae, Trigoniaceae), Rhizophora-
ceae) or weakly crassinucellar ones (Ixonanth-
aceae) (review in Endress 2003, 2005). Situated
between these taxa with incompletely tenuinu-
cellar ovules are Picrodendraceae (and Phyl-
lanthaceae) which have, together with the
Euphorbiaceae s.str., only crassinucellar
ovules. This may indicate that either the
placement of Picrodendraceae in this clade is
not correct or, alternatively, that there is more
flexibility of transition between the two nucel-
lus types than previously believed.

In the incompletely tenuinucellar ovules (at
the mature embryo sac stage), the nucellus tip
is destroyed by the growing embryo sac. In
contrast, in the crassinucellar ovules of Mal-
pighiales, the nucellus apex tends to enlarge by
periclinal cell divisions of the epidermis (and
subepidermal layers) as a nucellar cap. This is
also the region, which may form a nucellar
beak.

Interestingly, in Malpighiales a nucellar
beak is only known from Euphorbiaceae s. str.,
Phyllanthaceae, and Picrodendraceae, and
from two species of Malpighiaceae (Rao
1940, 1941). A nucellar beak (sometimes pro-
jecting far beyond the micropyle) is therefore a
conspicuous feature uniting seemingly dispa-
rate families of Euphorbiaceae s.1.

The combination of nucellar beak, obtura-
tor and epitropous ovules, which may be
unique for Euphorbiaceae s.1. (excl. Pandaceae
and Putranjivaceae), is not found in other
“higher” Malpighiales. Malpighiaceae, the
only other family of the entire Malpighiales
in which nucellar beaks have been recorded,
also have epitropous ovules but no obturator.
Among other “higher” Malpighiales, Ctenolo-
phonaceae, Dichapetalaceae, Erythroxylaceae,
Irvingiaceae, Ixonanthaceae, Linaceae, Rhizo-
phoraceae and Trigoniaceae have the combi-
nation of epitropous ovules and obturator.
Goupiaceae have epitropous ovules but no
obturator (Loesener 1942).

A literature search through all families of
Malpighiales showed that ovules with the inner
integument thicker than the outer at the
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mature embryo sac stage are common, not
only in Euphorbiaceae s.l. but are also present
in most of the families studied to date:
Caryocaraceae (outer 2 or 3, inner 3 or 4 cell
layers) (Dickison 1990); Chrysobalanaceae (6,
7) (Tobe and Raven 1984); Dichapetalaceae (4
or 5, 6-8) (Boesewinkel and Bouman 1980),
Erythroxylaceae (3 or 4, 5 or 6) (Boesewinkel
and Geenen 1980), Ixonanthaceae (2, 4) (Rao
and Narayana 1965), Linaceae (2-3, 4-12)
(Narayana 1963, Boesewinkel 1980, Sutter and
Endress 1995), and Trigoniaceae (2 or 3, 4 or
5) (Boesewinkel 1987). In “lower” Malpighi-
ales this is the case in Elatinaceae (2, 3)
(Dathan and Singh 1971), Humiriaceae (2, 3)
(Boesewinkel 1985), Hypericaceae (2, 4-6)
(Schnarf 1914, Govindappa 1956, Rao 1957),
and Malpighiaceae (2 or 3, 3 or 4) (Rao 1941).

The inner integument is thicker or both are
equally thick in Passifloraceac and Salicaceae
(Dathan and Singh 1973a, b; van Heel 1977;
Kloos and Bouman 1979), both “lower” Mal-
pighiales. Both integuments are equally thick
in some Violaceae (3 cell layers) (Singh 1963)
(“higher” Malpighiales) and Pandaceae (3 or 4
cell layers) (Microdesmis, pers. obs., Tokuoka
and Tobe 2003) (“lower” Malpighiales). There
is some lability in integument thickness, with
the inner integument thicker or thinner at
family level in Achariaceae (Dathan and Singh
1979; van Heel 1973, 1979; Steyn et al. 2001,
2002a, b) and Rhizophoraceae (Tobe and
Raven 1987, 1988; Juncosa and Tobe 1988),
both “higher” Malpighiales.

Only in Clusiaceae (Puri 1939, Prakash and
Lau 1976, Lim 1984) and Podostemaceae (e.g.
Jager-Zirn 1967, Murguia-Sanchez et al.
2002) is the inner integument commonly thin-
ner than the outer, both “lower” Malpighiales
and closely related to each other.

In general, in bitegmic ovules of angio-
sperms the outer integument may become
vascularized or, more rarely, the inner integu-
ment. Integumentary vascular bundles tend to
occur more often in ovules that develop into
large seeds, whereby the vascular system
develops mainly during seed development
(Bouman 1984). Vascular bundles in the inner

integument or ending at the base of the inner
integument may be a character which among
Malpighiales only occurs in Euphorbiaceae
s.str. and Picrodendraceae (probably not in
Phyllanthaceae) and therefore, may be an
exclusive character for FEuphorbiaceae s.l.
Further studies in the Malpighiales clades on
the vascularisation will probably show that
there is in fact more variation in this character
than is currently recorded.

Female floral structure and systematic position
of Picrodendraceae and Euphorbiaceae s.1.

In clade 1 (see preceding chapter), Linaceae
share with Picrodendraceae anatropous, epi-
tropous bitegmic ovules, an intruding obtura-
tor, axile placentation, secondary (false) sep-
tum, and inner integument that is thicker than
the outer one. However, they differ in that the
upper part of the ovary is unilocular, in having
only weakly crassinucellar or incompletely
tenuinucellar ovules, and in lacking a nucellar
beak (e.g. Dorasami and Gopinath 1945,
Narayana 1963, Narayana and Rao 1978b,
Boesewinkel 1980, Sutter and Endress 1995,
Endress 2003). Ochnaceae share anatropous,
bitegmic ovules, however, the ovules are
incompletely tenuinucellar and have an endo-
thelium, at least in part with the integuments
free only at the micropyle, and some have
parietal placentation (Chikkannaiah and Ma-
halingappa 1974, Guédeés and Sastre 1981,
Narayana 1975). Caryocaraceae share axile
placentation,  anatropous,  crassinucellar
ovules, and inner integument thicker than
outer integument (if bitegmic), but the ovules
have the integuments free only in the upper
region or are unitegmic, and are commonly
campylotropous (Dickison 1990). For Phyl-
lanthaceae, see preceding chapter.

In clade 2, Chrysobalanaceae share with
Picrodendraceae anatropous ovules, inner
integument thicker than outer, secondary
(false) septum, but differ in incompletely ten-
uinucellar ovules with an endothelium (Tobe
and Raven 1984). Dichapetalaceae share with
Picrodendraceae an obturator, anatropous,
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epitropous ovules, inner integument thicker
than outer, but differ in incompletely tenuinu-
cellar ovules (Boesewinkel and Bouman 1980,
Sutter and Endress 1995). Trigoniaceae share
with Picrodendraceae an obturator, anatro-
pous, epitropous ovules, inner integument
thicker than outer, micropyle formed by both
integuments, but differ in parietal placentation
and incompletely tenuinucellar ovules (Boese-
winkel 1987) (however crassinucellar in Trig-
oniastrum and Humbertiodendron, according to
a note without illustrations in Boesewinkel
[1987]). Balanopaceae share with Picrodendra-
ceae anatropous, crassinucellar ovules, but
differ in the outer integument being thicker
than the inner one, the presence of an endo-
thelium and absence of an obturator (Merino
Sutter and Endress 2003). Rhizophoraceae
share with Picrodendraceae anatropous, cras-
sinucellar ovules, vascular bundles in the outer
integument, inner integument thicker than
outer one, and an obturator, but differ in
incompletely tenuinucellar ovules, and a
zig-zag micropyle (Carey 1934; Tobe and
Raven 1987 1988; Juncosa and Tobe 1988).
Erythroxylaceae share with Picrodendraceae
an obturator, anatropous, epitropous, crassin-
ucellar ovules, inner integument thicker than
outer one, but differ in the presence of
an endothelium (Boesewinkel and Geenen
1980). Ixonanthaceae share with Picrodendra-
ceae an obturator, anatropous, epitropous,
presumably crassinucellar ovules, but differ in
parietal placentation (Narayana and Rao
1966, 1978a).

In clade 3, Achariaceae share with Picro-
dendraceae anatropous, crassinucellar ovules,
nucellar cap, but differ in parietal placentation,
zig-zag micropyle, and vascular bundles in the
outer integument (Bernhard 1999; Dathan and
Singh 1979; van Heel 1973, 1977, 1979; Steyn
et al. 2001, 2002a, b, 2003). Violaceae share
with Picrodendraceae anatropous, bitegmic
crassinucellar ovules, nucellar cap, but differ
in parietal placentation, and zig-zag micropyle
(Singh 1963). Goupiaceae and Lacistemata-
ceae are poorly known in aspects that would
be interesting for comparison (Krause 1925,

Loesener 1942). Ctenolophonaceae share with
Picrodendraceae an obturator, anatropous,
epitropous, crassinucellar ovules, but differ in
parietal placentation (Narayana and Rao
1971, 1978c¢).

In clade 4, Irvingiaceae share with Picro-
dendraceae an obturator, and anatropous to
hemitropous, epitropous, crassinucellar ovules
(Engler 1931, Wiger 1935). For Euphorbia-
ceae s.str. and Putranjivaceae see preceding
chapter.

If all these families of the ‘higher”
Malpighiales are compared, and especially
compared to the families of Euphorbiaceae
s.l. (except Pandaceae), they all share special
floral features that support their relation-
ships. But no special features emerge that
would suggest closer relationhips with par-
ticular families of Euphorbiaceae s.I. On the
contrary, the families of Euphorbiaceae s.lI.,
especially Picrodendraceae, Phyllanthaceae,
and Euphorbiaceae, still appear closely re-
lated from the point of view of floral
structure. These three families share a com-
bination of features that is unique within
“higher” Malpighiales, including nucellar
beak, obturator, crassinucellar, epitropous
ovules, bifid stigmatic branches (rare but
present also in Picrodendraceae), unisexual
flowers, mostly without petals, floral trimery,
explosive capsules with a coccal stage before
rupture occurs (Berg 1975, Wurdack et al.
2004), and seeds with a caruncle, formed by
the tip of the outer integument, which may
function as a seed disjunctor and elaiosome
(for Picrodendraceae, see Berg 1975, for
other Euphorbiaceae s.l., see Tokuoka and
Tobe 1998, 2002, 2003). It is unlikely that
these unusual features are plesiomorphic for
Malpighiales. Thus, the combination of these
unusual features makes it likely that the
three families are related within Malpighiales.

Should the three larger components of
Euphorbiaceae s.l. later turn out to form a
clade, what are its closest relatives? Malpighi-
aceae are of special interest from a structural
point of view. Although not in ‘higher”
Malpighiales and not appearing close to any
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Euphorbiaceae s.I. in molecular phylogenetic
studies, they share a number of special
structural characters with FEuphorbiaceae
s.str. Malpighiaceae are the only additional
family of Malpighiales, in which a nucellar
beak was reported. The beak either protrudes
out of the micropyle or at least into the
micropyle (Hiptage, Tristellateia, Banisteria,
Stigmatophyllum, Rao 1940, 1941; Malpighia,
Stenar 1937; Singh 1961a, b). Further, some
representatives of Malphighiaceae and Eu-
phorbiaceae s.str. share the Penaea type of
embryo sac development (which is otherwise
very rare in angiosperms, and is not recorded
in other Malpighiales), the presence of nec-
taries on leaves and dorsal side of sepals
(Vogel 1974, Castro et al. 2001, Radcliffe-
Smith 2001), unicellular, T-shaped trichomes
(Cameron et al. 2001) and occurrence of latex
in the relatively basal galphimioids of Mal-
pighiaceae (Cameron et al. 2001, Davis et al.
2001, Vega etal. 2002) and in the three
subfamilies Acalyphoideae, Crotonoideae
and Euphorbioideae of Euphorbiaceae s.str.
(Rudall 1987).

The morphological results from this study
and from the literature do not support the
proposed sister relationships of Picrodendra-
ceae and Linaceae. Picrodendraceae share
more morphological characters with Phyl-
lanthaceae than with Linaceae or any other
family of ‘higher” Malpighiales, and thus
endorse more recent molecular studies, which
showed weak (Wurdack 2002, Davis and
Chase 2004, Wurdack et al. 2004) or stronger
support for a sister relationship of Picro-
dendraceae and Phyllanthaceae (Wurdack
and Davis 2005).

Comparative studies on reproductive struc-
tures in many poorly known families of the
Malpighiales, and as a next step, comparisons
between these families, are greatly needed.
This should ideally go hand in hand with
studies on extended molecular data sets. Both
together could lead to a improved knowledge
on the phylogeny and evolution of an exceed-
ingly large and still highly enigmatic group of
flowering plants (Endress and Friis 2006,

Endress and Matthews 2006, Matthews and
Endress 2006, Schonenberger and von Baltha-
zar 2006).
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