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Developmental Relationships Between
Drosophila Larvae and Their Endoparasitoid
Leptopilina (Hymenoptera: Cynipidae) as
Affected by Crowding

Eric Wajnberg, Michel Boulétreau, Geneviéve Prévost, and Pierre Fouillet

Génétique des Populations (LA CNRS 243, Biologie des Populations), Université Lyon 1,
Villeurbanne, France

Crowding of Drosophila larvae modifies their suitability to the cynipid endo-
parasitoid Leptopilina boulardi. The success of parasitic development rises
from 40% in uncrowded host larvae to 90% in crowded ones. Crowding reduces
the imaginal size of both wasps and uninfested hosts, but it has opposite effects
on their development time: That of flies is increased, whereas that of wasps
is reduced.

Key words: parasitic hymenoptera, host suitability, larval crowding, developmental relationships

INTRODUCTION

Developmental relationships between parasitoids and their hosts are gov-
erned by the physiological features of both partners. Full development of
parasitoids is only possible if host's and parasite’s physiologies are properly
suited (“host suitability [1] and if the modifications induced in the host’s phys-
iology are not deleterious and are even more profitable to the parasitoid (“host
regulation” [2]). Analysis of the components of these close physiological rela-
tionships is generally difficult, since both partners interact so strongly that
physiological variations in the host also reflect in the physiology of the parasitoid.

The cynipid Leptopilina boulardi (Eucoilidae) and its host Drosophila sp. pro-
vides a good model system for such an analysis. The parasitoid is rather spe-
cific to D. melanogaster and to a few related species, and larvae develop solitarily
in host larvae. Moreover, in some strains, like the Tunisian one used here, the
parasitoid is never encapsulated, which makes the analysis more simple.

The developmental success of L. boulardi within D. melanogaster larvae strongly
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depends on the genetic makeup of the host: Genetic variations in hosts (within
populations, between populations, or caused by artificial selection) generally
result in wide differences in the success of the parasitoid, which ranges from
less than 10% to more than 90% [3-7]. There is also a twofold increase in the
success of this parasitoid in crowded (underfed) hosts [5,7-9]. Here using mor-
phological criteria along with development times to compare the effects of crowd-
ing on uninfested and infested hosts, we estimate the effects of the host on
parasitoids, and we try to provide some basis for hypothesized physiological
causes of the increased suitability of crowded hosts to the parasitoid.

MATERIALS AND METHODS
Infestation

One hundred twenty batches of 100 Drosophila eggs (0—6 h old) were collected.
Each batch of eggs was spread upon a dish (18 mm diameter, 4 mm depth) filled
with 1 g of medium [10] diluted by 50% with water plus 1.5% agar. After hatching
and first molting, 90 batches of larvae out of these 120 batches were each exposed
to one mated L. boulardi female (12-24 h old, honey-fed) over a 24 h period.
Larvae from 30 other batches were kept free of parasitism (controls).

Development

Half of the batches (infested or not) were transferred to standard rearing
vials (2 cm diameter, 10 cm depth) containing 20 g of rich, undiluted medium
(uncrowded series); the others were kept on the original dish of diluted medium
(crowded series). Subsequent development took place at 25°C under 12 h
light/12 h dark and 70% relative humidity, the small dishes being prevented
from dessication by keeping them individually in 5-cm petri dishes.

Measurements and Calculations

The following parameters were measured or estimated: the success of para-
sitoid development, which needs an estimate of the actual degree of infesta-
tion in each batch; the development times of hosts and parasitoids; the sizes
of adult flies; and the weights of parasitoid adults under both uncrowded and
crowded conditions.

Degree of Infestation and Superparasitism

Flies and wasps emerging from each batch were counted and sexed. Because
no parasitoid rejection occurred through encapsulation, the difference between
the numbers of flies in experimental batches and in uninfested controls gives
an estimate of the number of hosts that were infested (and destroyed) by the
parasitoid in each batch. Preliminary dissection of 200 Drosophila larvae exposed
to one female parasitoid under the above conditions showed that 93.6% of
infested larvae contained only one parasitoid larva, 5.3% two, and 1.1% three,
thus indicating a rather low frequency of superparasitism.

The success of parasitoid development (SPD) was measured in each batch
as the percentage of the number of adult wasps over the estimated number of
infested host larvae, according to Boulétreau and Fouillet [3]. This parameter
expressed the probability of an infested host larva giving rise to an adult wasp.
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Given the low frequency of superparasitism, it gives also a rough estimate of
the egg-to-adult viability of parasitoids.

The developmental times of hosts and parasitoids were measured for males
and females between the middle of the oviposition period and emergence,
which was recorded twice a day. The precision of this simple method is con-
sistent with the wide range of variations caused by the factors tested (sex and
crowding).

The size of adult flies that emerged from uninfested batches, either un-
crowded or crowded, was estimated by the wing length and thorax length of
a random sample of 30 males. In both the crowded and uncrowded series,
dry weights of adult wasps (males and females) were measured on 30 ran-
domly chosen individuals after dehydration.

RESULTS

Crowding does not affect egg-to-adult viability of uninfested flies in control
batches (Table 1), but the size of adult flies is reduced (Table 1) and their devel-
opmental time increased (Table 1, Fig. 1). These results are typical of the scram-
ble competition that occurs among Drosophila larvae and that has been well
documented by a number of authors [11-14].

The effects of crowding on parasitized hosts are quite different. The success
of parasitoid development increases twofold in crowded cultures over un-
crowded ones (Table 1). The weight of adult parasitoids emerging from crowded
cultures is reduced (Table 1, Fig. 2), but, surprisingly, their developmental
time is significantly reduced (Table 1, Fig. 1). Unfortunately, we did not record
the time of pupation for infested hosts, which would have allowed us to assess
which part of the development is to be credited with the overall acceleration.

Thus the more striking results are the opposite effects of crowding on hosts
and on parasitoids. Viability of hosts is not affected, whereas that of parasitoids
is doubled. Developmental time increases in hosts (+ 30 h for averaged sexes),
whereas it decreases in parasitoids (—38 h, Table 1). As a consequence, in
crowded cultures wasps will emerge on average 8.5 days later than flies that
escaped infestation, whereas in uncrowded control cultures this delay reaches
11.3 days.

A similar negative correlation between suitability of hosts and development
time of parasitoids was found in other experiments in which interfamily genetic
differences within the Drosophila population were responsible for variations in
developmental success of L. boulardi (unpublished data).

DISCUSSION

A striking positive relationship appears between the success of parasitoid
development, as measured by the ratio of emerged wasps to infested host lar-
vae, and the crowding of host larvae. Since crowding in hosts occurred only
after they were infested and crowding is known to affect insect physiology
[12-14], this effect clearly reflects the influence of variations in the hosts’ devel-
opmental physiology on their suitability for the development of the parasitoid
larva. The question of development time is probably a key point for explain-
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Fig. 1. Development time of D. mefanogaster from crowded and uncrowded uninfested batches
and of L. boulardi having developed within either crowded or uncrowded Drosophifa larvae.

ing the variations in suitability of Drosophila larvae to L. boulardi, and the effects
of crowding on both traits need to be discussed together.

A first hypothesis could be that suboptimal hosts (either genetically or nutri-
tionally, caused high mortality among parasitoids, thereby selecting for the
more slowly developing ones, thus truncating the distribution of development
time of parasitoids and leading to the higher mean value. However, the distri-
butions of developmental time of parasitoids having developed either in
uncrowded or in crowded hosts overlap only partly (Fig. 1). Hence, variations
in mean values are unlikely to be accounted for by truncation of the distribu-
tions, but rather by a general drop in individual values.

In a number of cases, it has been demonstrated that features of the hosts
may influence the size and development time of parasitoids: Smaller hosts, or
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Fig. 2. Dry weights of adult male and female L. boulardi, developed within either uncrowded
or crowded hosts.

lower availability of food for the hosts, reduce the parasitoid’s size and devel-
opmental time when they develop either solitarily [15-18] or gregariously
[19-21]. The same phenomenon could occur in the underfed Drosophila lar-
vae: Food deprivation results in a poor weight gain of the host, which in turn
could, through some quantitative nutritional mechanism, induce the preco-
cious molting of the parasitoid larva, thus allowing it to enter its own active
feeding and growth period earlier.

However, this simple explanation does not account for the opposite varia-
tions in flies’ and parasitoids’ developmental times. In the parasitoid species
studied here, ecdysis to the third stage strictly coincides with the onset of
host pupariation [22], and it is likely that this synchrony is a key factor in the
parasitoid’s development. Since crowding has long been known to prolong
the larval period in Drosophila [11], induction of a parasitoid’s molting by food
deficiency (because of poor weight gain of the host) would break down this
tuning. This is not consistent with the high success of parasitoids’ develop-
ment in crowded hosts. As a hypothesis, we suggest that tuning between hosts’
and parasitoids” development could be actively induced by the parasitoid larva
itself, which is consistent with data of Kopelman and Chabora [22].
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