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Reproductive strategies of two Philotrypesis species on Ficus hispida 
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Abstract 
Phi/01rypesis pilosa and Philotrypesis sp., the only non-pollinating fig wasps inhabiting the in florescences of Ficus hispida. 
oviposited from outside the fig wall using their long ovipositors to reach the ovules inside. Both were inquilines of the 
pollinating wasps. However, each species of Philotrypesis has a different reproductive strategy. Foundresses of P pilosa 
have higher reproductive potential in controlled experiments, but brood sizes were smaller than that of Philotrypesis sp. in 
the field. There was temporal segregation in the oviposition of species. and duration of oviposition was different. Their 
space distributions were similar; over 50% of individuals for both species were distributed in the ovule layer nearest the fig 
wall. There was a high degree of variation in the populations of both species in space and time. 
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I. Introduction 

The fig-fig pollinator mutualism is regarded as a classic 
example of coevolution (Kjellberg et al., 200 I; Ronsted et 
al., 2005). In addition to the fig pollinating wasps, up to 
over 20 species of non-pollinators inhabit the fig 
inflorescences, d epending on the species. The larvae of 
these wasps develop within the figs, but the adults do not 
normally transfer pollen (Jousellin et al. , 200 I). They 
includ e gaiters, inquilines, parasitoids  of the pollinators, 
and of other non-pollinating wasp species (Boucek, 1993). 

Some studies found that non-pollinating fig wasps had 
negative impacts on the fig-fig pollinator mutualism 
through predation of pollinator larvae, or through 
competition with pollinators for ovules (Kerdelhue and 
Rasplus, 1996). The reproductive behaviour of only a few 
non-pollinators has been well studied (Abdurahiman, 1986; 

Murray, 1990). The background natural history of the vast 
majority of species is unknown and comparative studies are 
few (Kerdelhue et al. , 2000; West et al. , 1994). 

A key factor in stab i 1 izing host-parasite interactions is 
parasitoid aggregation in space and time (Pacala et al., 
1990). Several studies have found that in monoecious figs 
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ovaries close to the fig wall usually produce seeds, while 
those next to fig lumen usually contain fig wasps (Anstett, 
200 I). Some studies, however, found that both pollinators 
and non-pollinators were distributed in the same ovarv 
layers (Kerdelhue and Rasplus, 1996). In dioecious Ficus, 
seeds and wasps are produced by separate plants. Female 
trees produce only seeds and non-pollinators rarely ovipos1t 
successfully (Harrison and Yamamura, 200 I; Weiblen et al. , 
200 I). Competition for ovules is therefore restricted to the 
male trees and most non-pollinating fig wasps are 
inquilines and parasitoids (Kerdelhue and Rasplus, 1996), 

and negative density dependence may stabilize the 
interaction between pollinating wasps and their parasitoids  
(Weiblen e t  al., 2001). In this study, we  compare the 
reproductive strategies of two species of Philotrypes1s 
inhabiting on Ficus hispida by addressing the following 
questions: (i) are there d ifferences in oviposition timing and 
behaviour between species? (ii) which ovary layers do s 
each species occupy? and (iii) what proportion l:f 
inflorescences are occupied by each species across space 
and time? 

2. Materials and Methods 

Ficus hispida L. (section Sycocarpus) 1s a small- to 
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medium-sized free-standing tree. Its inflorescences are 
pollinated by Ceratosolen solmsi marchali Mayr (Wiebes, 
1994 ). In the Xishuangbanna tropical area, Yunnan 
Province, China, some trees produce figs year-round. The 
figs harbour two Phi/otrypesis species: Philotrypesis pilosa 
Mayr and an unidentified species referred to as 
Philotrypesis sp. in this paper. Both oviposit in ovules 
previously galled by the pollinator, by inserting their 
ovipositors through the fig wall. 

Oviposition behaviour 

Thirty immature figs were marked on a male tree of 
Ficus hispida, and we observed the oviposition behaviour 
of both Philotrypesis species 1-2 times per d ay for 30 days. 
We recorded the species' oviposition behaviour and the 
temporal sequence of oviposition. 

Spacial distribution within the fig 

Just before the wasps emerged from their galls, 42 figs 
were collected and brought to laboratory. Galls were 
classified into three layers according to pedicel length: wall 
l;.iyer (0.52±0.26 mm, n=271 ), intermediate ( 1.89±0.57 mm, 
n=307), inner layer (3.13±0.55 mm, n=280). We selected 
and identified the wasps in 20 to 30 galls in each layer in 
each ovary. 

Experimental introduction 

Branches bearing prefemale-phase figs were selected 
and enclosed in fine-meshed nylon bags (200x200 mm) to 
prevent entry by pollinators. Once the figs reached 
receptivity (diameter: 18.5± 1.6 mm, n=30), we carried out 
the introduction experiment. Philotrypesis are inquilines, 
and thus depend on the pollinator galls for oviposition sites. 
To limit oviposition sites, only three pollinator foundresses, 
from those arriving naturally at the tree, were allowed to 
enter in a fig. We removed the other non pollinated figs and 
kept only one fig per branch. Next, the two Philotrypesis 
species were collected from mature figs on other male trees. 
A single female wasp was placed in a bag and , then, it was 
tied on the branch which the fig had been previously 
pollinated.  Phi/otrypesis pilosa oviposits on the same or on 
the day following the entry of Ceratosolen, the pollinating 
wasp. Therefore, Philotrypesis pilosa wasps were 
introduced two hours after the pollinators. Philotrypesis sp. 
is a late colonizer so it was introduced on the 8th day after 
the entry of po II inators. 

When figs were close to maturity, they were collected , 
individualized in nylon bags and the wasps allowed to 
emerge. A II wasps were identified and carefully counted. 
We obtained 19 experimental figs for P. pilosa and 12 for 
Philotrypesis sp . .  
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Figure I. Frequency distribution of occupancy of ovules in 
different layers for two species of Philonypesis on Ficus hispida. 
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Figure 2. The brood sizes produced by single foundress of two 
Philotrypesis species in controlled introduction experiments on 
Ficus hispida. Boxes delimitate 50% of observations. central 
traces represent medians and vertical bars indicate the total data 
amplitude. 

Proportions of fig parasitised by each species of 
Philotrypesis 

We collected 117 figs from one single male tree in four 
fig crops, from January 2003 to April 2005. On September 
2004, we collected 83 male figs from four different trees. 
From all samples, fig wasps were allowed to emerge and 
then preserved in 70% ethanol. Finally, we identified all the 
fig wasps and counted them. 
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Table l. The percentage of infested figs, and the number of wasps per fig of two Phi/otrypesis species, from the same tree of Ficus hispida 
in differen t months. Paired samples t-test was used to test the difference of wasp number. 

Variables Samples P pilosa 

% or parasitised figs 2003.01 (n=40) 52.5% 
2003 .03 (n=25) 48% 
2004 09 (n=l4) 57.1% 
2005 04 (n=38) 68.4% 

Wasp number 2003.0 I (n=40) 1.8±0.4 
2003 03 (n=25) 2.4±0.8 
2004.09 (n=14) 4.5± 1.9 
2005.04 (n=38) 10.9±2.0 

Philotrypesis sp. 

95% 
84% 

100% 
92.1% 
12.7±2.0 
12.6±4.4 
32.7±4.7 
47.9±5.5 

I-value• 

5.273 
2.250 
7.715 
7364 

p 

< 10-3 
0.034 

< 1 0-3 
<10-3 

Table 2. The percentage of infested figs, and the number of wasps pei fig of two Philotrypesis species collected at the same time 
(September 2004 ). from four different trees of Ficus hispida. Paired samples !-test was used to test the difference of wasp number. 

Variables Samples P pi/osa 

% of parasitised figs Tree I (n=14) 57.1% 
Tree 2 (n=l6) 75% 
Tree 3 (n=32) 28.1% 
Tree 4 (n=2 I) 52.4% 

Wasp number Tree I (n=l4) 4.5± 1.9 
Tree 2 (n=16) 25.5±9.9 
Tree 3 (n=32) 5.2±2.8 
Tree 4 (n=2 I )  3.4±1.4 

3. Results 

01-iposition behaviour of P. pilosa and Philotrypesis sp. 

The ovipositor length of Philotrypesis pilosa is 4 .6±0. 2 

mm (n=36). It started ovipositing immediately after 

pollinators' entry into the fig. Female wasps tapped the fig 

surface with their antenna, and then remained on the surface 

of receptive fig for a period. From 1-20 wasps 

simultaneously oviposited on the same fig. The average 

oviposition time was 3.6 mins (S.E.=0.5 min, n=32). The 

oviposition process was occasionally interrupted by ant 

attacks. Figs remained attractive to P pilosa for two days 

following pollination. In contrast, the ovipositor of 

Philotrypesis sp. is longer, being 7.1±0.3 mm (n=35) length. 

It oviposited from the 6 to 13th day after pollination, and 

spent a longer time ovipositing, 12.5 mins (S.E.=1.4 mins, 

n=30). Approximately, 1-80 female wasps simultaneously 

oviposited on the same fig, but were not easily disturbed by 

ants. 

Distribution of ovules utilised by P. pilosa and Philotrypesis 

sp. 

In both species more than 50% of the individuals were 

distributed in the galls of wall layer, and few wasps 

developed in galls of the inner layer (<10%) (Fig. I). In 

contrast, the distribution of the pollinating fig wasps was 

Philotrypesis sp. 

100% 
75% 
78.1% 
47.6% 
32.7±4.7 

9.6±2.2 
24.4±5.6 

5.7±2.4 

I-value* 

7.715 
1.641 
3.472 
0.8 

p 

<10-3 
0.122 
0.002 
0.433 

even, with about 32% of the individuals in the wall layer, 

3 8% in the intermediate layer, and 30% in the inner layer. 

However, the proportion of pollinating wasps (in relation to 

the total number of wasps) was higher in the inner layers 

(inner= 96%, intermediate= 84% and wall layer = 76%). 

Reproductive potential of P. pilosa and Philotrypesis sp. 
from controlled introductions 

In the controlled introduction experiment, one single 

foundress of P pi Losa produced on average 7 .8±2. l (S.E.) 

wasp offspring and 52.6% of the figs contained only 

daughters. Philotrypesis sp. produced on average 6.5±2.1 

(S.E.) wasp offspring and 66.7% of the figs produced only 
female broods. These brood size was not significantly 

different (Mann-Whitney U test: Z=-0.434, P=0.664) (Fig. 

2). 

Proportions of figs occupied by P. pilosa and Philotrypesis 

Sp. 

In figs collected from one selected tree on four 

occasions over two years, the proportion of figs infested by 

Phifotrypesis sp. was higher than those infested by P pifosa. 
Furthermore, the number of wasps per fig was significantly 

higher in Philotrypesis sp. than in P pifosa (Table I). 

However, samples taken from different trees at the sam 

time did not always show this pattern. For example, four 
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trees were sampled i'n Sepfomber, 2004, and in two there 
was no significant difference between average number of 
wasps with both species showing similar infestation rates. 
In the other two trees, Philotrypesis sp. exhibited both 
higher infestation rate and brood sizes than P. pilosa 
(Table 2). 

4. Discussion P ' 11l 
i r 

Phil o trypesis pilosa and1Philotrypesis sp. oviposited at 
different phases of the fig development, but their spatial 
di�tributions were similar. This suggested that the wasps 

ocp�d on the h�tyrqgenei�·i-11 time as a partitioning factor 
in this .eco.logical ntchei ili1 tontrast, the fig-pollinating 

wasps ( Ceratosolenj were equally distributed in all the gall 
layers, and sHould experience less space competition with 
Pni lotry15esis species in the inner gall layer. Thus, spatial 
partitioning is 1 ikely a factor that could explain the 
successful coexistence between pollinating fig wasps and 
both Phi/otrypesis species. 

Observatlions in nature tindicated that Philotrypesis sp. 
wasps 11'1.Ve'' a higher flthess to exploit the fig-wasp 

I. cnii H1 p ·1 r ' 
II h fi . 

mutua ism t an . p1 osa, as genera y t e armer species 
exhibiteJ F 

bdth higher infest�tion rates and brood sizes. 
However, our experimental data showed that when only one 
Philotrypesis foundress was allowed to oviposit, both 

. 1sip:�ie/s,lft.adirs.imila#fvfrte'Ss. '1Theihigher population density of 
1/li.JtlMPYpMS'is!Jspt, · in' naturer may be due to its extended 

< tOIQ1Pitizatit11il M(-ind-0w '•(l-f11dne. ·week vs. two days for P. 
'p'llofo).nM.o'rfJ©ver,1 ffi!Vlbtrypesis sp. foundresses were not 

ask'i!l'ismrbed;I lby11 lants;" llvhich could increase their 
colonization success. 

\17. -01.,1f: { drata-1<1 s�-ggestc: 1th11t Ll foundress wasps of both 
Philotrypesis species producei·female-biased sex ratios in 
situations where mate competition is at low levels. Th is is 

:.iwttiely•fltlo l'.lf:!iehr�(j/ .fa�n1ffiebagaonid pollinating wasps 
(.�Mb.b�e� al.,�'02�!'> W<J!ian}�rl:ly one foundress oviposited, 
�wll' ob9€11i1Jl:J"<ih':tver2DtZ%r\Hfema'1e-only broods. As matings 
1 octi:i1dex ltJsiiVel. �nlsid .ttt-r 1natal fig in these Philotrypesis 
'ts'jYed.iti. ,u �l:!Sle<'.��tt-einer fomalel.biased sex ratios originate 
''fr ·milintlliitetf•rferrfales-fMurray, 1987). In nature, multiple 
. fe!Jn(i�ss@s ''are oftt!n '\ibserved and female-only broods 

must seldom occur. Therefore, pattern in which multiple 
foundresses lay in a single fig may help to ensure 
'«'Opidatiorl'lrbrhe )i>cfpulat'i'o��' • , 

Variation in infestation levels and brood sizes of both 
Phi/otrypesis species was greater from tree to tree than 

·1 fr-Om'Wl0Rth1itolmo11tl:i. This• pltttern of variation may result 
Ytr �rrl differ:erH:il in •tlie"Size otf the host trees and their fig 

C:r�ps .' focthe sn.idj area,lleaeh F hispida male tree seems to 
Jpfbchir ·e:crop's·M�l' part1crula:r characteristics. For example, 

· the- W!:il:�rt'm/ l'eve� orfi'g,development and the number of 
reeep'tlvelfigwiri <ifgiVe'hi!tirt\e'j:>eriod , varies between trees 

'J il .'.1iqf!l r I ''nq i iJ 

of different age. These complex interacting factors may be 
favorable for maintaining the coexistence of this fig species 
and its associated fig wasps. 
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