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FLORAL ORGANOGENESIS OF COCCULUS ORBICULATUS AND
STEPHANIA DIELSIANA (MENISPERMACEAE)

Hengchang Wang,* Aiping Meng,* Jianqiang Li,1,* Min Feng,y Zhiduan Chen,y and Wei Wang*

*Department of Systematics and Taxonomy, Wuhan Botanical Garden, Chinese Academy of Sciences, Wuhan, Hubei 430074,
China; and yState Key Laboratory of Systematic and Evolutionary Botany, Institute of Botany,

Chinese Academy of Sciences, Beijing 100093, China

Floral ontogeny of two dioecious species in the Menispermaceae, Cocculus orbiculatus and Stephania
dielsiana, was compared using scanning electron microscopy (SEM). In C. orbiculatus, flowers exhibit
rudiments of a nonfunctional organ of the opposite sex. Female flowers have six stamens that remain
primordial; however, male flowers usually have three carpellodes rather than six, and hence have a different
number of carpels than female flowers. Development of carpellodes in the family was described under SEM for
the first time. The male and female of C. orbiculatus are almost homomorphic in early developmental stages,
with eight alternating whorls of four types of organs (sepals, petals, stamens/staminodes, and carpels/
carpellodes) arising centripetally. In S. dielsiana, no vestigial sexual organs were found, and the symmetry of
male and female flowers differs, with males being actinomorphic and females zygomorphic. The six stamens of
C. orbiculatus are free, whereas the three or four stamens of S. dielsiana are united congenitally. There are six
carpels in females of C. orbiculatus but a single one in S. dielsiana. In overview, all flowers are actinomorphic
and trimerous, with the female flower of S. dielsiana being the exception. This may be the result of reduction
and is yet to be determined.

Keywords: Cocculus orbiculatus, dioecy, floral organogenesis, Menispermaceae, Stephania dielsiana.

Introduction

The mainly pantropical family Menispermaceae consists of
ca. 71 genera and 450 species (Kessler 1993) among Ranuncu-
lales (¼Ranunculiflorae) (Endress 1995; Kubitzki 1995). As
a sister clade to all other eudicots (Judd and Olmstead
2004; Soltis and Soltis 2004), the Ranunculales occupy a
prominent phylogenetic position in angiosperms. In the order,
Menispermaceae are distinctive in having dioecy and small
flowers, with floral parts usually in whorls of three (Kessler
1993).
It is well known that ontogeny can provide systematic and

evolutionary data. In Ranunculales, floral structure and biol-
ogy of Ranunculaceae, Berberidaceae, and Papaveraceae have
been relatively well studied, and in recent years, floral bio-
logical data for these families have increased steadily (e.g.,
Feng et al. 1995; Feng 1998; Feng and Lu 1998; Endress and
Igersheim 1999; Endress 2001; Wang 2002; Ren et al. 2004;
Chang et al. 2005; Tucker and Hodges 2005). However, the
largely tropical Menispermaceae, with inconspicuous flowers,
are poorly known (Endress 1995). Only Endress (1995) has
described developmental stages in the family, especially near
maturity of some species, e.g., two of Hypserpa and one each
of Carronia, Sinomenium, and Stephania. More study of flo-
ral morphogenesis in Menispermaceae is needed.

Our study focuses in Cocculus DC. and Stephania Lour.,
which are widely distributed (Kessler 1993). We represent each
genus by a single species (Cocculus orbiculatus (L.) DC. and
Stephania dielsiana Wu) to demonstrate two types of floral
structure of Menispermaceae, one typically trimerous and the
other trimerous to a variety of dimerous or tetramerous forms.
Cocculus orbiculatus flowers initially are perfect but abort ei-
ther stamens or carpels during development, whereas S. diel-
siana lacks aborted organs. The main objective of the study
is to provide a relatively complete floral developmental series
for the two species.

Material and Methods

The flowers of Stephania dielsiana were collected from the
South China Botanical Garden at the Chinese Academy of
Sciences in Guangzhou. Those of Cocculus orbiculatus were
collected from the Medicinal Plant Garden of Guangxi, Nan-
ning. Vouchers are deposited in HIB, Wuhan, Hubei. Inflores-
cences and flower buds of all developmental stages were
fixed in FAA (5 parts formalin : 5 parts acetic acid : 90 parts
70% ethyl alcohol) and stored in 70% ethanol with a few
drops of glycerol. Just before dissection, buds were dehy-
drated in 95% alcohol. Dissection under a dissecting micro-
scope was followed by further dehydration in a graded series
of alcohol–isoamyl acetate and treatment with critical-point
drying in liquid CO2. Material was mounted on aluminum
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stubs, coated with gold, and photographed under a Hitachi
S800 SEM.

Results

Floral Organogenesis of Cocculus orbiculatus

The young flower buds are borne in the axil of a leaf and
are protected by a large subtending bract (fig. 1A). Two brac-
teoles are initiated first on a floral shoot (figs. 1A, 3A).
Staminate flowers produce six free stamens and three (or
six) carpellodes; pistillate flowers produce six staminodes
and six free carpels. The processes of bracteole, sepal, and
petal initiation are similar in both staminate and pistillate
flowers.
The floral primordium is hemispherical when two lateral

bracteoles are produced (figs. 1A, 3A). The perianth consists
of four alternating trimerous whorls. All of their primordia

appear simultaneously and are equidistant. The two outer
whorls are considered sepals and the two inner whorls, petals
(figs. 1C–1E, 3C–3E). The median sepal of the first whorl is
adaxial and is opposite from a subtending bract (figs. 1B,
3B). Initiation of the two whorls of stamens follows the
model of sepals and petals. The first whorl of stamen primor-
dia appears immediately after the inner petals (fig. 1E, 1F;
fig. 3E, 3F).
Before the morphological differentiation of stamen primor-

dia, a whorl of three carpellode primordia appears on the
hemispherical floral apex (fig. 2A). The peripheral part of
each stamen appears to grow faster, and the central region
will form the connective (fig. 2B–2E). The anthers are well
developed when their slender filaments start to elongate (fig.
2C). In general, each anther has four pollen sacs at anthesis.
The petals enlarge, and their margins extend inward to clasp
the filament of the stamen in the same radius. Petal apices di-
vide into two acuminate or acute lobes (fig. 2C, 2F). There are
usually three carpellodes, but rarely there are six (fig. 2B,

Fig. 1 Staminate floral organogenesis of Cocculus orbiculatus, early stages. A, Early stage of floral organogenesis showing floral primordium
subtended by an abaxial bract and accompanied by two lateral bracteoles; subtending bract removed. B, First whorl of three sepals initiated. C,
Second whorl of three sepals initiated; subtending bract removed.D, First whorl of three petals initiated; outer sepals removed. E, Second whorl of

petals and first whorl of three stamens initiated; sepals removed. F, Second whorl of stamens initiated. A1 ¼ stamen of outer whorl; A2 ¼ stamen

of inner whorl; B ¼ bract; b ¼ bracteole; F ¼ floral apex; P1 ¼ petal of outer whorl; P2 ¼ petal of inner whorl; S1 ¼ sepal of outer whorl;
S2 ¼ sepal of inner whorl. Scale bars ¼ 150 mm.
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2E). At the time the stamens elongate, the stigmatic crests ap-
pear only as inconspicuous rudiments (fig. 2C). Rarely, there
are only two carpel primordia in the inner whorl, and five
carpellodes appear (fig. 2D).
In pistillate flowers, the stamen primordia (fig. 3E, 3F)

stop growing before the two whorls of six free carpels form.
Two whorls of carpel primordia are initiated after the second
stamen whorl (fig. 4A, 4B). Two roughly parallel ridges ap-
pear along the lateral portion of the carpel, oriented in
the median plane and creating a furrow or cleft at the
apex of the carpel (fig. 4C) that will develop into the ventral
suture. Then the carpels elongate and widen, and styles are
formed (fig. 4D, 4E). At maturity, the stigma cleft is open,
and it curves outward slightly (fig. 4E, 4F). After initiation of
the six free carpels, the floral apex is completely used up.
To summarize, in both staminate and pistillate flowers,

two whorls of sepals, petals, stamens, and carpels (and two
lateral bracteoles) constitute the floral developmental series
of C. orbiculatus. The male and female flowers appear to be
ontogenetically highly homomorphic.

Floral Organogenesis of Stephania dielsiana

Female flower. Floral buds are protected by a number of
greenish, subtending bracts. Each young floral bud has

one or two bracteoles (fig. 5A). Initially, two young floral
primordia occur in the two poles of the elliptical inflo-
rescence unit (fig. 5B). Ultimately, seven to 10 of such
primordia are produced in the axil of a subtending bract
(fig. 5C). The first sepal of lateral flowers usually forms on
the abaxial side of the floral apex near the subtending bract,
but not in the median plane (fig. 5D, 5E). Two petals form
adjacent to the sepal on opposite sides of the floral apex at
right angles to the single sepal (fig. 5F). The petals are occa-
sionally variable in number or position. At the early stage of
petal initiation, an additional petal primordium arises to one
side of the sepal (fig. 5G, 5H). The third petal overlaps one of
the two normal petals (fig. 5I).
In female flowers there are no stamens or staminodes, and

the single carpel is initiated immediately following the petals.
The floral center becomes slightly obliquely concave with the
development of the carpel margin (fig. 6A). Later, the ventral
furrow deepens and elongates (fig. 6B–6D). The ventral side
of the carpel is usually on the abaxial side of the flower, and
the ventral slit sometimes faces more or less toward one of
the two petals (fig. 6D). The carpel develops first as an
open structure until fusion of the ventral slit occurs (fig. 6E).
No stipe is formed below the ovary (fig. 6E–6G). The
stigma contains two or more convoluted crests with multi-
cellular protuberances (fig. 6F–6I). The mature carpel often

Fig. 2 Staminate floral organogenesis of Cocculus orbiculatus, late stages. A, First carpel whorl initiated. B, Anthers in differentiation. C,
Filaments elongate shortly after differentiation of anthers; carpellodes inconspicuous. D, Five carpellodes in two whorls. E, Six carpellodes. F,
Petals bilobed at anthesis; sepals removed. A1 ¼ stamen of outer whorl; A2 ¼ stamen of inner whorl; C1 ¼ carpel of outer whorl; C2 ¼ carpel of

inner whorl; F ¼ floral apex; fi ¼ combination of the fused filaments; nC ¼ nonfunctional carpel (carpellode); P1 ¼ petal of outer whorl;

P2 ¼ petal of inner whorl; S1 ¼ sepal of outer whorl; S2 ¼ sepal of inner whorl. Scale bars ¼ 150 mm.
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projects out of the perianth or is of equal length to the two
petals.
Male flower. The development of the male inflorescence

in S. dielsiana is similar to that of the female inflorescence
(fig. 7A–7C), including the number of inflorescence buds and
the size and shape of the inflorescence primordium. Three se-
pal primordia of the first whorl are initiated simultaneously
and are arranged in a regular triangle (fig. 7D, 7E). The sec-
ond whorl alternates with the first (fig. 7E, 7F). The subse-
quent whorl of three petals alternates with the inner whorl of
sepals (fig. 7G, 7H).
Before the three petals have differentiated completely,

three or four united hemispherical stamen primordia are ini-
tiated (fig. 7I). The floral apex becomes slightly concave
(figs. 7I, 8A). The stamens are united, and the union leads
to a compact cylinder (fig. 8A–8D). A circular slit is pro-
duced near the equator line (fig. 8B–8D). Each stamen has
four pollen sacs that are arranged pairwise in two lateral the-
cae (fig. 8D). Before anthesis, three valvate petals closely sur-

round the united stamens (fig. 8E). At the mature stage, an
indument of multicellular hairs develops at the top of the se-
pals (fig. 8F).

Discussion

The two observed species exhibit two types of floral or-
ganogenesis of the family Menispermaceae, although previous
systems (e.g., Kessler 1993) placed them in a single tribe,
Menispermeae. The genus Cocculus is generally trimerous, with
male and female being homomorphic. There are six or nine
sepals in two or three whorls, with the outer sepals being
smaller than the inner; six petals in two whorls; six to nine sta-
mens (or staminodes in female flowers) in two or three whorls;
and three to six carpels (or carpellodes in male flowers) in one
or two whorls. Meanwhile, all the organs are initiated simul-
taneously within whorls, and all whorls alternate with each

Fig. 3 Pistillate floral organogenesis of Cocculus orbiculatus, early stages. A, Floral primordium with two bracteoles initiated. B, First whorl of
sepals initiated. C, Second whorl of sepals initiated; primordium of additional flower present. D, First whorl of petals initiated; outer sepals

removed. E, Second whorl of petals and first whorl of stamens initiated; inner sepal removed. F, Second whorl of stamens initiated. A1 ¼ stamen of

outer whorl; A2 ¼ stamen of inner whorl; B ¼ bract; b ¼ bracteole; F ¼ floral apex; P1 ¼ petal of outer whorl; P2 ¼ petal of inner whorl;
S1 ¼ sepal of outer whorl; S2 ¼ sepal of inner whorl. Scale bars ¼ 150 mm.
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other and arise centripetally. In Cocculus orbiculatus, male
and female flowers have similar organ positions, and both are
actinomorphic. However, the carpels of male flowers have an
immature form relative to that of female flowers when floral
development is completed, and the six stamens of female flow-
ers cease development at the primordial stage.
The organization of Stephania is different from that of

Cocculus (table 1). Male flowers have six or eight sepals in
two whorls, three (or four) petals, and two to six connate
stamens; however, female flowers have one to eight sepals,
two to four petals, and one carpel. In this investigation, male
and female flowers of Stephania dielsiana are heteromorphic.
In male flowers, sepals and petals are trimerous and are ar-
ranged centripetally. Stamens are also trimerous, though some-
times a variation of four stamens occurs. However, in the
female flower, the number of sepals and carpels is reduced to
one and the number of petals, to two. This implies that the
male flowers are actinomorphic, whereas the females are zy-
gomorphic. The number and position of bracteoles of the
species are not fixed like those of C. orbiculatus. Moreover,

unlike C. orbiculatus, flowers of S. dielsiana completely lack
rudimentary gynoecial structures in male flowers and rudi-
mentary androecia in female flowers.
The two species exhibit part of the floral diversity of

Menispermaceae. Ronse Decraene and Smets (1995) have
proposed that the family may have the greatest flower diver-
sity in Ranunculales. Based on morphological (Loconte
and Stevenson 1991; Endress 1995; Ronse Decraene and
Smets 1995) or molecular phylogenetic studies (Hoot and
Crane 1995; Hoot et al. 1999; Zanis et al. 2002; Hilu et al.
2003), different views on interfamilial relationships of
Ranunculales have been proposed. Diverse floral initiation
patterns and putative parallel evolution in each family
of the Ranunculales may greatly affect the evaluation of in-
terfamilial affinities. Obviously, more ontogenetic data are
needed in order to assess the phylogenetic relationships in
Ranunculales.
For the first time, we have investigated the development

of carpellodes in Menispermaceae under SEM. Diels (1910)
described such structure in some species (e.g., Cocculus

Fig. 4 Pistillate floral organogenesis of Cocculus orbiculatus, late stages. A, First whorl of carpels initiated; stamens stop differentiating further

and will be present as staminodes. B, Second whorl of carpels initiated. C, Apical view of two whorls of young carpels with distinct ventral slit.D,

Lateral view of eight whorls of floral organs initiated in centripetal sequence. E, Lateral view of mature flower showing carpels and staminodes;

some petals removed. F, Apical view at anthesis showing fully developed stigmas. C ¼ carpel; C1 ¼ carpel of outer whorl; C2 ¼ carpel of inner
whorl; F ¼ floral apex; P1 ¼ petal of outer whorl; P2 ¼ petal of inner whorl; S1 ¼ sepal of outer whorl; S2 ¼ sepal of inner whorl;

St ¼ staminode. Scale bars ¼ 150 mm.
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carolinus DC.) of the family. In C. orbiculatus there are six
staminodes in female flowers, but male flowers often have
three, rather than six, carpellodes and, hence, a different
number of carpels than female flowers.
Endress (1994) pointed out that in plants with unisexual

flowers the petals are often larger in male flowers than in
female flowers, indicating the intimate physiological rela-
tionships between corolla and androecium. Aestivation is

more often valvate than imbricate in highly synorganized
flowers, since the neighboring organs have symmetrical re-
lationships. This is also the case in the studied Menisper-
maceae, especially in S. dielsiana. Endress (1994) has
shown the mature structure of synandroecia of Stephania
japonica, which consists of four stamens. He indicated
that congenitally united stamens occur in several Magon-
liidae and are common in Malvales and Fabales. The

Fig. 5 Pistillate floral organogenesis of Stephania dielsiana, early stages. A, Apical view of a partial inflorescence; some bracts removed. B,
Magnified young inflorescence unit with two flower primordia initiated. C, Apical view of subunit inflorescence showing many floral primordia

initiated.D, Lateral view of subunit inflorescence showing young sepals. E, Young flowers with sepal primordium. F, Flower with two petals; sepal

removed. G, Variant in petal number, with whorl of three petals. H, Flower with three petals among ‘‘normal’’ flowers. I, More advanced flower
with three petals. B ¼ bract; C ¼ carpel; F ¼ floral apex; if ¼ inflorescence apex; P ¼ petal; S ¼ sepal. Scale bars ¼ 150 mm.
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filaments are, in general, united, although in extreme
cases, the anthers are united. In Menispermeae, synandry
also occurs in Cyclea and Cissompelotus (Thanikaimoni
1986; Kessler 1993). It seems to be a synapomorphic char-
acter of such genera. The phenomenon is prominent
among Menispermaceae and Lardizabalaceae, and there is
a clear correlation of synandry with the presence of uni-

sexual flowers (Endress 1995). Indeed, in male flowers of
S. dielsiana the stamens are the innermost organs, and
hence fusion is not prevented by constraints of the gynoe-
cium (Endress 1990).
In many more highly advanced angiosperms, including

some herbaceous basal eudicots such as Ranunculaceae
and Papaveraceae, the stamens are developmentally more

Fig. 6 Pistillate floral organogenesis of Stephania dielsiana, late stages. A–C, The whole floral apex is used up for the formation of a single

carpel. A, Young carpel with beginning concavity at ventral side. B, Slightly later stage. C, Ventral slit of carpel more prominent. D, Lateral view

of young flowers showing the position of sepals. Ventral slit is not necessarily opposite to sepal. E, Lateral view of carpel showing fusion of ventral

slit and early differentiation of stigma. F, Stigma differentiation more advanced. G, Crestlike stigma at anthesis; carpel sessile. H, Dorsal view of
mature carpel. I, Apical view of mature flower. Two petals enclose carpel more tightly on ventral than on dorsal side. C ¼ carpel; P ¼ petal;

R ¼ receptacle; S ¼ sepal. Scale bars ¼ 150 mm.
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differentiated in that the long and slender filaments elon-
gate only very shortly before anthesis (Endress 1994). This
occurs in both C. orbiculatus and S. dielsiana, although
their filaments are relatively short. In C. orbiculatus, the
slender filaments are clasped at the base by the auricles of
petals. In S. dielsiana, the filaments are thickened through
fusion and support the united anthers.

In summary (table 1), all flowers are actinomorphic and trim-
erous, with the female flower of S. dielsiana being the excep-
tion. It may be the result of reduction, and this is yet to be
determined. However, this is an observation based only on two
species. In order to explore the evolutionary relationship within
Menispermaceae, in the future, both molecular phylogeny and
abundant morphological developmental data are needed.

Fig. 7 Staminate floral organogenesis of Stephania dielsiana, early stages. A, Apical view of a partial inflorescence; some bracts removed. B,
Magnified young inflorescence unit with two flower primordia initiated. C, Apical view of a partial inflorescence showing many floral primordia

initiated. D, Lateral view of a partial inflorescence showing the first whorl of sepals initiated. E, Second whorl of sepals initiated. F, Slightly later
stage. G, One whorl of petals initiated. H, I, Floral apex becoming more convex and developing into a synandrium. H, Stamens initiated. I,
Slightly later stage. A ¼ stamen; B ¼ bract; b ¼ bracteole; F ¼ floral apex; if ¼ inflorescence apex; P ¼ petal; S1 ¼ sepal of outer whorl;

S2 ¼ sepal of inner whorl. Scale bars ¼ 150 mm.
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Fig. 8 Staminate floral organogenesis of Stephania dielsiana, late stages. A, B, Lateral view of developing synandrium. A, Pollen sacs initiated.

B, Horizontal circular dehiscence line performed. C, Apical view of mature synandrium showing three anthers. D, Lateral view of mature

synandrium showing four anthers. United filaments elongate shortly after full differentiation of synandrium. E, Lateral view of staminate flower at

anthesis showing valvate petals; sepals removed. F, Apical view of mature flower bud showing two whorls of sepals with indument of multicellular
hairs. A ¼ stamen; An ¼ anther; fi ¼ combination of the fused filaments; P ¼ petal; S1 ¼ sepal of outer whorl; S2 ¼ sepal of inner whorl.

Table 1

Comparison of Floral Organogenesis and Morphology between Cocculus orbiculatus and Stephania dielsiana

C. orbiculatus S. dielsiana

Characters Male Female Male Female

Sepals 6 6 6 1
Petals 6 6 3 2

Stamens 6 3 or 4

Carpellodes 3 (rarely, 6) Absent

Staminodes 6 Absent
Carpel(s) 6 1

Organs with centripetal initiation Present Present Present Absent

Timing of organ initiation 6þ 6þ 6þ(3) or 6þ 6þ 6þ(6) 6þ 6þ ð6Þ þ 6 6þ 3þ 3 or 6þ 3þ 4 1þ 2þ 1

Symmetry Actinomorphic Actinomorphic Actinomorphic Zygomorphic
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