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The response of Leptopilina clavipes (Hymenoptera: 
Figitidae) to cVA, a major component of Drosophila 
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We have tested the response of the Drosophila parasitoid Leptopilina clavipes to synthetic (z)-11-
octadecenyl acetate (cVA), a major component of the aggregation pheromone of various Drosophila 
species, including D. phalerata, which is L. clavipes main host. We found that L. clavipes is attracted 
towards patches treated with synthetic cVA. 
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Parasitoid females are faced with the problem of locating their host in complex environments, 
which they can solve by using stimuli derived from the host or from their hosts' habitat. Although 
these latter are relatively easy to detect on the long range, they are generally not very reliable in 
indicating the presence of a specific host. Stimuli derived directly from the host are more reliable, 
but are less detectable (Vet and Dicke, 1992) and are therefore more effective in the short-range 
location of a host. Besides cues derived directly from the host stage under attack, infochemicals 
emitted by hosts in different stages can also be used for host location, which has been shown for 
various parasitoid species (Wiskerke et al., 1993; Hedlund et al., 1996; Hoffmeister and Gienapp, 
1999). 

Wiskerke et al. (1993) showed that the parasitoid Leptopilina heterotoma can use aggregation 
pheromones produced by adult Drosophila simulans to locate its larval hosts. This aggregation 
pheromone is produced by male flies, but attracts flies of both sexes. The pheromones are 
transferred to females during mating and to oviposition sites during egg-laying (Bartelt et al., 
1985). The major component of the aggregation pheromone of Drosophila simulans and D. 
melanogaster has been identified as (z)-11-octadecenyl acetate, also known as cis-vaccenyl acetate 
(cVA) (Bartelt et al., 1985). This component has also been found in the aggregation pheromones 
of other Drosophila species. Hedlund et al. (1996) showed cVA to be the major component of the 
aggregation pheromones of D. phalerata and D. immigrans. 

In this study we investigate whether the aggregation pheromone of D. phalerata can be 
exploited by its primary larval parasitoid. In The Netherlands, the main parasitoid of D. phalerata 
larvae is Leptopilina clavipes (Hartig) (Hymenoptera: Figitidae) (Driessen et al., 1990), which is a 
solitary endoparasitoid (Vet, 1983). Vet (1983) showed that associative learning facilitates the 
parasitoid in locating the hosts’ microhabitat, an ability that is thought to optimize the discovery 
and utilization of hosts in a fluctuating environment. 

In order to determine whether L. clavipes could utilize cVA as a cue to find its host, we 
investigated the response of L. clavipes towards cVA, a major component of the D. phalerata 
aggregation pheromone. Furthermore, differences in response between L. clavipes originating from 
different habitats were investigated. 

MATERIAL AND METHODS 

Flies 
Drosophila phalerata was reared on a medium of commercial mushroom (Agaricus bisporus), 
stinkhorns (Phallus impudicus), water, dry yeast and agar. To prevent moulting of the medium, the 
fungicide nipagine was added. The flies were obtained from a laboratory culture, originating from 
flies reared out of Phallus impudicus collected in The Netherlands. 
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Parasitoids 
The parasitoids used in the experiments were Leptopilina clavipes females that were reared in the 
lab on D. phalerata. The response of two strains of L. clavipes was tested, one originating from 
Drakenburg, Baarn, The Netherlands (DB) (collected in September 1999 in a temperate forest), the 
other originated from Torre Ferrana, El Montgri, Spain (TF) (collected in May 2000 in an arid 
open forest). After emergence, individual wasps were stored at 12°C and provided with honey. In 
order to allow the wasps to acclimatize, the wasps were transferred to 20°C one hour prior to an 
experiment. 

Experimental set-up 
The response of the females was tested in a cage set-up (adapted from Van der Sommen et al., 
2000). The experimental cage (35x35x50cm) had two side walls constructed out of insect gauze. 
The other walls, bottom and ceiling consisted of transparent plastic. A fan was used to generate an 
airflow, which was rendered more laminar by placing a second cage, identical to the experimental 
cage, between the fan and the experimental cage. The odor sources were placed 10 cm apart on the 
bottom of the experimental cage. Individual female parasitoids were released from a glass test tube 
20 cm downwind from the odor sources. The wind speed was 0.3 m.s-1 to 0.4 m.s-1 at the release 
point. Females that moved upwind and reached a patch were scored for their choice of patch and 
removed from the cage. Parasitoids that did leave the vial, but did not reach a patch after 10 
minutes were removed and scored as non-responsive. Females that did not leave the vial were 
scored as non-reactive.  

Two types of patches were used in a total of three experiments. In experiment I, patches 
containing decaying commercial mushrooms (Agaricus bisporus; DCM) were used as substrate, 
while in experiments II and III, 3 g of the D. phalerata rearing medium (PM) was used as a test 
substrate. The substrates were offered on glass squares of 5x5 cm. 

In all three experiments, the response of L. clavipes females towards synthetic cVA was tested. 
Synthetic pheromone (99% pure; Pherobank, Wageningen) was dissolved in hexane to obtain a 
concentration of 0.3 µg.µl-1. In the experiments, 4.5 µg cVA in 15 µl hexane was added to a patch 
(DCM or PM). As a control, the same volume of pure hexane was added to another patch. Patches 
were renewed after ten replications and switched every 3-4 replications to randomize the 
experiment. 

In experiment I, the response of 60 naïve DB L. clavipes females towards cVA on decaying 
commercial mushroom was tested. Prior to experiments II and III, females were given an 
oviposition experience on D. phalerata larvae. Fifty-nine experienced DB females were tested in 
experiment II and 60 experienced TF females in experiment III (Table 1). 

RESULTS 
Our results show that experienced L. clavipes females prefer patches treated with synthetic cVA 
over the control patches (Fig. 1). This is true for wasps from both the Dutch and Spanish 
populations. Naïve Dutch L. clavipes females do not discriminate between decaying commercial 
mushroom (DCM) patches treated with cVA and the control patches. 

The responses of the parasitoids in the different experiments are presented in Table 2. There is 
a significantly higher response of experienced L. clavipes females from Spain (TF) compared to 
experienced females from The Netherlands (DB) (Table 2). 

 
 

Table 1. Experimental set-up of three experiments to measure the response of L. clavipes to cVA 

Experiment Line* Experience Substrate** N 
I DB (NL) - DCM 60 
II DB (NL) + PM 59 
III TF (ESP) + PM 60 

* DB: Drakenburg, Baarn, The Netherlands; TF: Torre Ferrana, El Montgri, Spain; ** DCM: 
Decaying Agaricus bisporus; PM: Phallus impudicus medium 
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Figure 1. Responses of L. clavipes females towards patches with 4.5 µg synthetic cVA in 15 µl hexane or 
patches with 15 µl hexane as control. Choices were analysed by a χ2-test. Experiments are described in 
Table 1 

 
 
Table 2. Proportion of parasitoids choosing a patch in the experimental cage. Responses 
towards synthetic cVA or the hexane control were tested on decaying commercial 
mushroom (DCM) or on Phallus impudicus medium (PM). Different letters indicate 
significant differences in response (Mann-Whitney U test, P < 0.01) 

Type of parasitoids N Parasitoid response (%) 
  DCM PM 

DB, naïve 60 43.3 - 
DB, experienced 59 - 57.6a 

TF, experienced 60 - 83.3b 

DISCUSSION 
Our experiments show that L. clavipes females can use cVA in host location. L. clavipes is the 
third larval Drosophila parasitoid that has been shown to use cVA in host location. The 
phylogenetically related parasitoids Leptopilina heterotoma (Wiskerke et al., 1993) and 
Leptopilina boulardi (Hedlund et al., 1996) showed similar responses to substrate treated with 
synthetic cVA. 

cVA is a major component of the aggregation pheromones of various Drosophila species 
(Bartelt et al., 1985; Hedlund et al., 1996), which could lower the reliability of cVA as a cue in 
specific host location. However, the Drosophila species that were tested use different 
microhabitats (Hedlund et al., 1996a). Because of the ability of L. clavipes to learn associatively 
(Vet, 1983), the lower reliability of cVA does not pose a large problem to the parasitoids in nature. 
Once hosts have been located using cVA, conditioning during oviposition can associate the odors 
of the microhabitat to the presence of hosts.  

The ability of associative learning is further demonstrated with the difference in response 
between naïve and experienced DB females (Table 2). Although the experiments are not fully 
comparable because different substrates were used, the higher response of L. clavipes females after 
contact with host pheromones during oviposition is consistent with the ability of the parasitoids of 
associative learning earlier found by Vet (1983). 

A larger difference in response was found between Dutch (DB) and Spanish (TF) females 
(Table 2). The difference in response can be contributed to several factors. The Dutch strain was 
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collected in 1999 and had been cultured in the laboratory for several generations. Since the rearing 
method does not require the parasitoids to search actively for hosts, selection on foraging behavior 
may have been relaxed. The Spanish strain was collected in the spring of 2000 and the females 
used in the experiment were the first generation to be reared in the lab, which can explain their 
higher response. However, more experiments, especially with naïve Spanish females, are required 
to determine whether there is a genetic predisposition to react to cVA. Furthermore, differences in 
habitat of Dutch and Spanish L. clavipes, such as higher temperature, lower humidity or different 
host species, could attribute to the higher response of the Spanish animals. 
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