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BEHAVIOR

Floral Characteristics of Ficus curtipes and the Oviposition Behavior of
Its Pollinator Fig Wasp

F. P. ZHANG,*? Y. Q. PENG,' S. G. COMPTON,? axp D. R. YANG*

Ann. Entomol. Soc. Am. 102(3): 556-559 (2009)

ABSTRACT Fig wasps (Hymenoptera: Agaonidae) can only develop inside the fruit (figs) of fig trees
(Moraceae; Ficus spp.). Figs are hollow, rounded structures lined on the inside by numerous tiny
flowers. To lay their eggs, female fig wasps enter the figs and typically walk around on a platform of
stigmas (synstigma) from which they insert their ovipositors through the stigmas and down the styles
before reaching the ovules, where they oviposit. Previous studies have described fig wasp oviposition
behavior in those Ficus species with a synstigma and have related ovipositor lengths to style lengths
accordingly. Here, we show that this oviposition pattern is not universal within Ficus and that variation
in fig architecture leads to the modification of oviposition behavior. Figs of the monoecious Asian fig
tree F. curtipes and relatives (subsection Conosycea) lack a synstigma, which is replaced by an irregular
mass of elongate stigmas. The ovipositor of the pollinator Eupristina sp. is sufficiently long to reach
all the ovules. Despite this, and unlike other fig wasps, they do not oviposit via the top of the stigmas,
but insert their ovipositors through the stigmal bases. Oviposition behavior in fig wasps is therefore
responsive to variation in floral structure within their host figs.
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The interaction between host-specific pollinating fig
wasps (Hymenoptera: Agaonidae) and their host fig
trees (Moraceae; Ficus spp.) is a striking example of
mutualism and coevolution, each needing the other
for reproduction (Galil and Neeman 1977, Janzen
1979). Approximately half of Ficus species in the world
are monoecious, and others are functionally dioecious
(Berg 1989, Weiblen 2000). In monoecious species,
both male and female flowers develop within the same
fruit, and each fig produces seeds, pollen, and fig wasps
(Wiebes 1979, Ganeshaiah et al. 1995, Weiblen 2002,
Jousselin et al. 2003). In dioecious species, there are
two types of trees: “female” trees that have figs con-
taining only female flowers, and “male” trees that have
figs containing both male and female flowers. Male
trees produce wasps and pollen, whereas female trees
produce seeds only (Ramirez 1981, Berg 1990,
Weiblen and Bush 2002).

Fig wasps cannot develop anywhere except in the
ovules that line the inside of figs. After entering a fig
via the ostiole, foundress females must reach the
ovules to deposit their eggs. The stigmas typically form
a more or less continuous layer (the synstigma) that
lines the cavity of a fig. The females then insert the
ovipositor down the length of the style via the stigma.
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Successful probing and oviposition are influenced by
style length, the shape and length of stigma, the thick-
ness of the style, their insertion point on the ovary, and
ovular structure (Verkerke 1986, 1988).

Many studies have investigated the relationship be-
tween style length and the ovipositor length of their
associated pollinators (Galil and Eisikowitch 1968,
Kathuria et al. 1995, Nefdt and Compton 1996, Herre
and West 1997), with measurements relating style and
ovipositor lengths used routinely to address questions
about accessibility of fig flowers for oviposition, and
how this relates to the stability of the mutualism. In
monoecious species, style length is usually not a lim-
iting factor for oviposition. Even though pollinators
may have ovipositors that are long enough to reach
most or all of the ovules, the fig wasps still may not
occupy them all (Nefdt and Compton 1996, Anstett
2001). The shape of the stigma (through which the
ovipositor is inserted) varies between different sec-
tions of Ficus spp. For examples, in the figs of subgenus
Sycomorus, the unbranched stigmas are mutually at-
tached, with stigmatic papillae gluing the styles to-
gether to provide a well-defined synstigmatic surface,
whereas the stigmas are branched in the subgenera
Urostigma and Pharmacoscea (Verkerke 1989).

Pollinator oviposition behavior was first described
in detail in the figs of Ficus sycomorus L. and involved
pollinator wasps inserting their ovipositors through
the tops of the stigmas (Galil and Eisikowitch 1968).
This behavior is now regarded as the norm among fig
wasps, but here we show that the modified stigmal
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structure present in some figs can lead to modification
in pollinator oviposition behavior.

Materials and Methods

Study Site. The study was carried out in the
Xishuangbanna Tropical Botanical Garden (101°15’E,
21°55' N) located in southwest China and the north-
ern margin of tropical southeast Asia.

Study Species. Ficus curtipes Corner belongs to sub-
genus Urostigma, subsection Conosycea. This species is
widely distributed in China, India, Malaysia, and Thai-
land. Trees grow up to 5-10 m in height and are
epiphytic when young. At Xishuangbanna, this species
occurs naturally in tropical forest and is also cultivated
commonly in cities and villages as an ornamental tree.
F. curtipes produces figs in synchronous crops with
different trees flowering at different times throughout
the year. F. curitpes is monoecious, with both male and
female flowers developing in the same figs, which are
produced in the leaf axils. There is no differentiation
into separate seed and gall flowers, and all the female
flowers seem capable of producing seed or galls. The
developmental cycle of monoecious fig can be divided
into five phases, as follows period. In prefemale phase
(A-phase), the young figs first occurs as a protrusion
in a leaf axil. At female phase (B-phase), the figs have
a diameter of 11.76 = 0.42 mm (mean = SD; n = 30)
and contain female flowers that are ready to be pol-
linated (receptive). At this stage the female pollina-
tors, aided by their flattened heads (van Noort and
Compton 1996), enter into figs through the ostiole.
Once inside, the wasps oviposit and pollinate. Each of
their larvae develops at the expense of a single ovule.
Inter-floral phase (C-phase) is comparatively long,
lasting 3-4 mo and is the period when wasp progeny
and seeds are developing. At male phase (D-phase),
the figs have a diameter of 15.52 = 0.75 mm (mean *
SD; n = 47), and the seeds and wasps have completed
their development. Males emerge from their galls into
the fig cavity and mate with the females, which then
become loaded with pollen before leaving their natal
fig in search of a receptive fig. Postflower phase (E-
phase) is the period after the exit of the female wasps.
The figs increase in size, soften and become dark red
to purplish red. The pollinator is an undescribed spe-
cies of Eupristina.

Tree and Wasp Sampling, Forty-five receptive (fe-
male/B-phase) figs from three trees (15 figs per tree)
were collected, and 30 florets per fig were sampled at
random to measure their style lengths. Style and
stigma morphology were also recorded based on ob-
servations from 330 figs on 10 trees. Eupristina sp.
females were collected from figs at the developmental
phase when the wasps were emerging (male [D]
phase) after separation from their sheaths, and the
ovipositors of 37 females were measured under a dis-
secting microscope. Additional female wasps were al-
lowed to enter female phase figs, which were then cut
open to observe the wasps’ oviposition behavior. More
than 300 female wasps were observed in this way.
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Fig. 1.

Inner surface of a receptive fig of F. curtipes, with
a pollinator female (a) and detail of female florets (b).
(Online figure in color.)

Statistical Analysis. A nested analysis of variance
was conducted using R 2.7.1 (R Development Core
Team 2008). Means = SD are presented.

Results

Stigmal Morphology and Floral Structure in F. cur-
tipes. The figs of F. curtipes differ from previously
studied Ficus species in both the morphology of the
flowers and how they are positioned within the fig.
The stigma is elongate, slightly curved, and only
slightly broader than the style. They do not unite to
form a synstigma (Fig. 1). Male florets are scattered
among the female flowers.

Style-Length Ovipositor-Length Comparisons. The
mean style length was 0.85 = 0.25 mm (n = 1,350),
with significant differences in style-length among F.
curtipes trees (F = 921.56, df = 2, P < 0.001) and
individual figs (F = 3.01, df = 44, P < 0.001). Style
lengths were almost all shorter than the pollinator
ovipositor lengths, which had a mean length of 1.90 +
0.06 mm (n = 37) (Fig.2), and they were long enough
to reach 99% of the ovules.

Ovipositor Entry Points. Foundress female fig
wasps lost their wings and most of their antennae
while entering the figs through the ostiole. Once in-
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Fig. 2. Style length distribution in F. curtipes figs and
ovipositor lengths of its pollinator Eupristina sp.

side, the wasp walked in the cavity of the fig (Fig. 1)
and probed the flowers. The pollinators consistently
inserted their ovipositors at the basal incline of the
stigmas, part way down the length of the style, rather
than at the top of the stigma (Fig. 3).

Discussion

Monoecious fig trees and fig wasps are potentially in
conflict over the resources provided by the plant’s
female flowers, namely, whether the flowers produce

Fig. 3.
Eupristina sp. in F. curtipes. (Online figure in color.)

Insertion point for oviposition by females of
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Fig. 4. Ovipositor insertion point in Ceratosolen arabicus
Mayr, pollinator of F. sycomorus (from Galil and Eisikowitch
1968).

seeds or produce wasps. The former represents the
plant’s female reproductive function, whereas the lat-
ter (in the form of pollen-carrying female wasps)
reflects the fig’s investment in male reproductive func-
tion (Herre 1989). The potential conflict arises be-
cause only wasp progeny, not seeds, are of direct
benefit to ovipositing females, and so for fig wasps, it
may be beneficial to use all female flowers in the fig.
Several studies have attempted to determine the rea-
sons why the wasps fail to make use of all these flowers
(Galil and Eisikowitch 1968, Bronstein 1988, West and
Herre 1994, Ganeshaiah et al. 1995, Nefdt and Comp-
ton 1996, Jousselin et al. 2004). Several early studies
suggested that the balance between wasp and seed
production in monoecious Ficus species is maintained
by fig wasps having short ovipositors, which only allow
them access to the ovaries of short-styled flowers (Ga-
lil and Eisikowitch 1968, Ramirez 1970, Galil and Nee-
man 1977, Murray 1985). This was later contradicted
by measurements showing that many pollinator wasps
have ovipositor lengths longer than the median style
lengths of their hosts (Nefdt and Compton 1996).
Nonetheless, pollinator wasps often largely or entirely
fail to use flowers with long styles (Compton and
Nefdt 1990), suggesting that other factors, including
stigma structure, may be important (Verkerke 1986,
1988). Studies relating style lengths to ovipositor
lengths have consistently assumed that the method of
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oviposition described by Galil and Eisikowitch (1968),
with ovipositors inserted through the top of the
stigma, is typical for the genus as a whole (Fig. 4). Our
studies show that this is not always the case and that,
in species such as F. curtipes, such comparisons po-
tentially underestimate the numbers of flowers that
are accessible for oviposition.

F. curtipes is a typical Ficus species, F. curtipes differs
from other Ficus species in lacking well defined syn-
stigma, the platform formed from stigmas on which
ovipositing females can walk and oviposit through the
tops of the stigmas (Galil and Eisikowitch 1968; Fig. 4).
The stigmas of F. curtipes are unbranched, elongate,
slightly curved, and only slightly broader than the
style and because they are not mutually attached, they
do not form a synstigma. The lack of a synstigma seems
to hinder the pollinators, because ovipositing wasps
frequently stumble and fall between different stigmas
as they attempt to find oviposition sites. It does, how-
ever, allow them to insert their ovipositors at the basal
incline of the stigmas, not at the top of stigma as
described in other species, which reduces the length
of ovipositor that has to be inserted.

In summary, fig wasp probing is not only affected by
style length but also by the way that flowers are pre-
sented within a fig. Our observations of floral structure
in five other Conosycea species (Ficus glaberrima
Blume, Ficus benjamina L., Ficus microcarpa L., Ficus
stricta Miquel, and Ficus maclellandii King) show that
they also lack a synstigma, suggesting that the ovipo-
sition behavior present in F. curtipes is likely to be
widespread among this group of fig trees.
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