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Nutrition fuels any activity performed by an organism and has been shown to aff ect its ability to withstand pathogens and 
parasites. Furthermore, animals over a wide range of taxa have been shown to exhibit a choice of foods and nutrients that 
are benefi cial to their fi tness. Saprophagous animals most often feed on microorganisms growing on dead organic matter 
rather than the organic matter itself. Various yeast species play an important role in both larval and adult nutrition of 
saprophagous Drosophila melanogaster. We hypothesised the dietary microbial species to aff ect life-history traits of D. 
melanogaster, including the ability to fend off  parasitoids, and larvae to prefer to devour those yeast species benefi cial 
to their development and immunocompetence. Particular yeast species known to be associated with D.  melanogaster 
could be shown to have a substantial infl uence on various larval and adult fi tness traits including the ability to 
encapsulate eggs of the parasitoid wasp Asobara tabida. It also turned out that larvae chose to devour those yeast species 
which supported their ability to encapsulate parasitoid eggs. Which yeast species was preferred and had a benefi cial impact 
on encapsulation ability, was subject to inter-individual variability within the investigated population, hinting at the 
existence of an adaptive heritable variability regarding individual choice and salubriousness of food. Th e results suggest that 
the dietary microbial species of saprophagous insects may infl uence the resistance against parasitoid attacks and thus the 
outcome of the interaction between a saprophagous host and its parasitoids.

“One cannot think well, love well, sleep well if one has not 
dined well” the author Viginia Woolf is supposed to have 
uttered once. Actually, nutrition fuels any organismal activ-
ity and everything in nature seems to centre on food and 
how to get it (Hernes 2000). Since pathogens and parasites 
are omnipresent and may pose drastic fi tness costs on their 
hosts (Wilson 2005), it may be crucial for an organism to 
invest (nutritional) resources into defence mechanisms. It 
has long been recognised that there is a close relationship 
between the host’s nutritious state and its ability to overcome 
infection (Chandra 1996). Besides the more obvious detri-
mental consequences on immune responsiveness resulting 
from starvation or lack of food (Chandra 1996, 1997, 1999, 
2002, Brown et al. 2000, Siva-Jothy and Th ompson 2002, 
Houston et al. 2007, Campero et al. 2008), the quantity as 
well as the quality of specifi c nutritional resources such as 
carbohydrates, proteins, lipids or micronutrients, may infl u-
ence resistance to pathogen attack (Rivera et al. 2003, Li 
et al. 2007, Lee et al. 2008). Th e host’s nutritional status may 
play a pivotal role in host–parasite relationships, infl uencing 
the host’s defence mechanisms and resource allocation to 
immune defences (Siva-Jothy and Th ompson 2002, Lee 
et al. 2006), but also directly infl uencing the parasite, that 
usually utilises the host’s tissues and body fl uids as food 
source, which themselves are a product of the food consumed 
by the host (Krasnov et al. 2005, Seppälä et al. 2008). Th us, 

nutrition may modulate both the parasite’s virulence and the 
host’s resistance (Coop and Kyriazakis 2001, Logan et al. 
2005).

Animals leading a saprophagous lifestyle play an essential 
role as decomposers of organic matter. Th eir diet usually 
consists of not only the often nitrogen-poor dead organic 
matter itself, but also the associated microorganisms (Begon 
et al. 2005). It remains to be investigated, whether diff erent 
microbial species in the diet of saprophagous animals may 
infl uence their ability to fend off  parasite attack. To test this, 
we looked at larvae of saprophagous Drosophila melanogaster 
that develop in injured or decaying plant material usually 
rich in microorganisms such as bacteria and fungi, especially 
yeasts. It is mainly these microorganisms that act as actual 
nutrient resource, processing the plant raw material into 
important dietary factors (Starmer 1981). Yeasts are consid-
ered as a major food source for the majority of species of 
Drosophila in both adult and larval stages (Begon 1982). Th e 
presence of yeast itself, irregardless of a particular species, is 
crucial for the fl y’s successful development and it also turned 
out that larvae parasitised by the cynipid wasp Leptopilina 
boulardi and deprived of yeast immediately after parasitisa-
tion, encapsulated a signifi cantly lower percentage of the 
parasitoid’s eggs than hosts transferred to a medium with 
yeast (Vass and Nappi 1998). Here, we hypothesised, (1) 
that diff erent yeast species may infl uence life-history traits 
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shown to have a diff ering but not always consistent infl uence 
on the encapsulation ability of D. melanogaster larvae parasit-
ised by A. tabida. Larvae were allowed to choose the yeast of 
their liking. For further larval development they were then 
transferred either on the yeast species chosen or the one 
refused (in the following this test is referred to as ‘crosswise 
transfer’).

Material and methods 

Fly and parasitoid cultures

Th e Drosophila melanogaster population originated from 20 
isofemale lines caught in Kiel, northern Germany, in 2003. 
Th e population had undergone approx. 70 generations 
before it was used in the experiments. Th e population of 
Asobara tabida stemmed from animals caught in the 
surrounding area of Leiden Univ. and provided by Jaques 
van Alphen from University Leiden, NL, in 1998, and was 
cultured on D. melanogaster.

Yeast species and cultivation

Th e yeast species chosen were Cryptococcus albidus (DSM 
70215), Kluyveromyces lactis (DSM 4909), Metschnikowia 
pulcherrima (DSM70321), Pichia toletana (DSM 70390) and 
Saccharomyces cerevisiae (DSM 70449), obtained from the 
DSMZ (German Resource Centre for Biological Material) in 
Braunschweig. We cultivated the yeasts in malt extract broth 
out of glycerine stocks, incubated them over night at 30°C on 
a shaker, plated them on malt extract agar and incubated 
them at 27°C for three days. We then washed off  the colonies 
with sterile Ringer’s solution and pipetted the suspension into 
50 ml conic fl asks. Suspensions were centrifuged (3000 rpm, 
10 min) and the supernatant was decanted. To gain the fi nal 
experimental suspension of 50%, we resuspended the pellet 
in the adequate amount of Ringer’s solution.

Media

Axenic medium for cultivating Drosophila contained 62.5 g 
each of sugar, corn fl our and yeast extract, 12.5 g agar and 
one litre tap water. After autoclaving and cooling down, 
30 ml nipagin, 10 ml sorbic acid, 10 ml chloramphenicol 
(each with a concentration of 10% in 100% ethanol) and 2 
ml nystatin-dihydrate (5% in dimethylsulfoxide) were added. 
Flies were kept in a climate chamber at 25°C and a 16:8 h 
L:D cycle. A. tabida was cultured at the same L:D cycle but 
merely at 20°C.

For the experiments, we decided to choose a substrate 
more similar to those D. melanogaster may encounter in the 
wild, and picked bananas. Depending on the particular 
requirements of each experiment, we prepared four diff erent 
banana-based media (e.g. with higher amounts of agar, which 
hindered larvae from burrowing too deeply into the substrate 
and made it easier for us to fi nd them again): Banana medium 
I: fi nely crushed banana mixed with the same amount of tap 
water and 12.5 g agar per litre banana-water mixture plus 
30 ml nipagin and 10 ml chloramphenicol per litre 
autoclaved medium. Banana medium II: same as Banana 

(such as survival, development time and body weight) of 
unparasitised larvae, and (2) that not only the presence of 
yeast itself but also diff erent yeast species may infl uence the 
ability of D. melanogaster to encapsulate eggs of the braconid 
wasp Asobara tabida. As model yeasts we chose yeast species 
reported to have been isolated from Drosophila spp. and var-
ious breeding sites (Begon 1982, Kearny 1982).

According to the fi ndings, that encapsulation ability in 
D. melanogaster is at least partially related to the number 
of circulating haemocytes in the haemolymph (Eslin and 
Prévost 1995), we expected (3) to fi nd an increased number 
of haemocytes in the haemolymph of those D. melanogaster 
larvae that had fed from the yeast species enhancing their 
ability to encapsulate parasitoid eggs. To test this we chose 
two yeast species shown to have a diff ering infl uence on the 
encapsulation ability of D. melanogaster larvae parasitised by 
A. tabida and counted the number of all types of haemocytes 
(total haemocyte count, THC) circulating in the haemo-
lymph. We included unparasitised larvae into the experiment 
to be able to discriminate, whether consuming a specifi c 
yeast species would generally enhance THC, not only after 
an immunological challenge.

Which food is consumed by the host is often subject to 
the host’s choice of food. Animals over all taxa have been 
shown to continuously regulate their food intake, whereby 
their choice of foods or nutrients are non random and ben-
efi ciary to their fi tness (Waldbauer and Friedman 1991). 
Infection with parasites and pathogens may have a drastic 
impact on the host’s metabolism and behaviour, including a 
change in feeding behaviour, due to manipulation of host 
behaviour by the parasite, modifi ed nutritional require-
ments, activation of defence mechanisms or energetic con-
straints imposed on an infected organism (Th ompson and 
Kavaliers 1994, Barber et al. 2000, Jog and Watve 2005). In 
a number of studies, parasitised animals exhibited compen-
satory shifts in diet choice and consumption, which also 
infl uenced the developmental success of the parasite (Singer 
et al. 2004, 2009, Th ompson and Redak 2005, 2008, 
Th ompson et al. 2005, Lee et al. 2006). Already in some 
early studies it was observed, that diff erent species of unpara-
sitised Drosophila showed preferences for diff erent species of 
yeasts and that the yeasts preferred by the larvae tended to be 
those best supporting their larval growth (Lindsay 1958, 
Cooper 1960, Fogleman et al. 1981, Dorsch 2007). In our 
study we hypothesised (4) that unparasitised larvae of D. 
melanogaster show a preference for yeast species benefi cial to 
their larval development, (5) that parasitised larvae show a 
preference for yeast species benefi cial to their ability to 
encapsulate eggs of A. tabida, and (6) that the preference of 
unparasitised and parasitised larvae may not be identical. 

Th at individuals often diff er consistently in their behav-
iour has been shown in several animal taxa including humans, 
with diff erences appearing to have a heritable basis (Gosling 
2001, Bell 2007). Inter-individual diff erences within animal 
populations are also argued to explain some of the large 
observed variation in rates of energy metabolism in animals 
(Careau et al. 2008). Considering this, we wanted to test the 
hypothesis, (7) that D. melanogaster larvae also exhibit inter-
individual diff erences regarding their choice of particular 
yeast species and the infl uence on immune defence posed by 
these yeasts. To investigate this we chose two yeast species 
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Experimental design for testing hypothesis (3) (haemo-
cyte count): We followed the basic design as described above 
with the addition of washing larvae out of the test tube for 
haemocyte count, after the time spans of 6, 12 and 24 h, 
respectively, had elapsed. Th e number of replicates prepared 
was 40 for unparasitised larvae and 80 for parasitised larvae 
(to leave enough replicates in case of a low parasitisation 
rate). Th e only exception was at the time span of 6 h after 
parasitisation, where we also prepared 40 replicates for para-
sitised larvae.

Experimental design for testing hypotheses (4)–(6) (food 
choice of unparasitised and parasitised larvae): Th e yeast spe-
cies K. lactis, M. pulcherrima and S. cerevisiae were off ered 
(two at a time) in the two yeast combinations K. lactis and 
M. pulcherrima as well as K. lactis and S. cerevisiae. As food 
choice arenas we fi lled 55 mm petri dishes with 8 ml nipagin 
agar, bored two holes (diameter 8 mm) in a distance of 
30 mm from each other (calculated from the inner margin of 
each hole) and fi lled them with Banana medium IV. Twenty-
four hours prior to each food choice experiment we pipetted 
1 μl of a 50% yeast suspension onto each of the banana 
patches and incubated the arenas over night in a climate 
chamber at 25°C and a 16:8 h L:D cycle. For the food choice 
experiment, we arranged the arenas in the way that each 
yeast species in a combination of two was alternately posi-
tioned on the left and on the right side in order to avoid 
eff ects of position or light conditions on larval food choice. 
We prepared 10 replicates for each yeast combination as well 
as unparasitised and parasitised larvae. We then transferred 
20 freshly hatched larvae per replicate into the food choice 
arenas and placed them near the edge of the petri dish 
roughly equidistant to each banana-yeast patch. Larvae were 
then left for one hour. Immediately after the hour had 
elapsed, we put the arenas under a stereo microscope and 
noted the number of larvae on each of the banana-yeast 
patches. Parasitised larvae had to be put into the freezer 
(–20°C) to ‘freeze’ their position on the patches for later 
counting and dissection in order to verify parasitisation 
(presence of parasitoid egg or capsule). We only included 
actually parasitised larvae in the statistical analysis. An actual 
eff ect on larval physiology and behaviour may occur not 
until several hours after parasitisation (encapsulation usually 
takes place between 3 and 72 h after parasitisation, Wertheim 
et al. 2005) and may also vary considerably among individ-
ual larvae. Food choice, however, should take place within a 
time span where it still makes sense for larvae to choose food 
more advantageous to their parasitised state. Based on pre-
liminary food choice tests carried out after 3, 6 and 24 h 
after parasitisation (Anagnostou 2008), we decided to choose 
the time span of 24 h, where the larval response was most 
pronounced. For gaining parasitised larvae we used the non-
observational method. During the time span after parasitisa-
tion before the food choice experiments were carried out, 
parasitised as well as unparasitised larvae were incubated on 
petri dishes (diameter 55 mm) containing Banana medium 
III. Th e food choice experiment with the yeast combination 
K. lactis and S. cerevisiae was repeated with 51 replicates for 
unparasitised as well as parasitised larvae.

For the editing of data, we calculated a delta value. Imag-
ine as an example the two banana patches A and B with the 
two yeast species A and B. Th e number of larvae found on 

medium I without antibiotics. Banana medium III: same as 
Banana medium I but with 25 g agar per litre banana-water 
mixture. Banana medium IV: same as banana medium III with-
out antibiotics. Nipagin agar: 20 g agar mixed with one litre tap 
water plus 30 ml nipagin per litre autoclaved medium.

Preparation of larvae

We allowed the fl ies to oviposit for approx. 12 h into cultur-
ing fl asks, dechorionated the eggs with 50% sodium 
hypochlorite and transferred them with a sterile brush onto 
a petri dish containing Banana medium I. For respiration the 
lid was provided with a small hole covered with nylon gaze 
and the eggs were incubated in a climate chamber at 25°C 
and a 16:8 h L:D cycle. Th e freshly hatched 1st instar larvae 
were washed onto a small nylon gaze sieve (mesh size 50 μm) 
and could then be transferred with a fi ne brush.

Gaining of parasitised larvae

One method used was to permanently observe A. tabida dur-
ing oviposition (‘observational method’): We transferred sev-
eral freshly hatched 1st instar larvae into a 35 mm petri dish 
fi lled with Banana medium III, added a female parasitoid 
and observed it during oviposition. Larvae that were punc-
tured by the ovipositor of A. tabida but were most likely 
rejected (i.e. no egg was laid), were not included in the 
experiment. Similar to van Alphen and Janssen (1982) as 
well as Wertheim et al. (2005), larvae were defi ned as 
‘rejected’ when the ovipositor was inserted for less than 10 s. 
Unrejected larvae were removed immediately after oviposi-
tion and transferred onto a fresh petri dish. We allowed each 
parasitoid to parasitise approx. 10 larvae and exchanged it 
afterwards. To avoid possible eff ects of single parasitoids, we 
evenly distributed larvae parasitised by one parasitoid over 
all treatments.

Th e other method we used is based on the one described 
by Fellowes et al. (1998) and Kraaijeveld et al. (2001, 2008), 
and does not require to permanently observe the parasitoid 
during oviposition and is thus less time-consuming (‘non-
observational method’): we transferred 20 larvae each onto a 
petri dish fi lled with Banana medium III and allowed two 
female A. tabida to parasitise the larvae for approx. one and 
a half hours.

Experimental proceeding

Basic experimental design for testing hypotheses (1)–(3) and 
(7): 50 μl each of the 50% yeast suspension were pipetted 
into the prepared test tubes fi lled with Banana medium II. 
For gaining parasitised larvae we used the observational 
method. We transferred one parasitised and one unparasit-
ised larva, respectively, each into the tube with a fi ne brush, 
covered the tubes with dental rolls and incubated them in a 
climate chamber at 25°C and a 16:8 h L:D cycle. Th e num-
ber of replicates prepared was 40 for unparasitised larvae and 
100 for parasitised larvae (to leave enough replicates in case 
of a low parasitisation rate). In parasitised larvae, survival 
until pupation and encapsulation ability were measured. Th e 
development of unparasitised larvae was followed until eclo-
sion and adult fl ies were dried and weighed.
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patch B was subtracted from the number of larvae found on 
patch A and was then divided by the number of all larvae 
that had made a food choice (i.e. the number of larvae found 
on patch A plus the number of larvae found on patch B). 
Delta values between –1 and +1 may result. If delta is 0, 
there was no preference for any of the two yeasts (i.e. the 
number of larvae on patch A was identical to that on patch 
B). If delta is +1, yeast A was strongly preferred (all larvae 
that had made a choice were found on patch A). If delta is 
–1, yeast B was strongly preferred. Values between 0 and +1 
and between –1 and 0, respectively, hint at an increasing 
preference for yeast A or yeast B.

Experimental design for testing hypothesis (7) (crosswise 
transfer): We followed the basic design as described above 
and used the non-observational method for gaining parasit-
ised larvae. Th e yeast species combination K. lactis and 
S. cerevisiae was chosen. We transferred one larva each into 
the arena and observed the larvae until they had made a 
choice. Just before they were about to enter the yeast patch, 
we seized them with a brush and transferred them into a 
prepared experimental tube with Banana medium II and a 
50% suspension of the yeast of their choice. Th e next larva 
that had made the same choice was transferred into a tube 
containing the yeast species it had refused. Th e same was 
done for larvae that had chosen to devour the other of the 
two off ered yeast species. Eighty replicates per yeast species 
chosen and yeast species developed on, were prepared. 

Determination of encapsulation ability

Approximately two days after pupation of parasitised larvae, 
we collected the pupae from the test tubes, dissected them 
under a stereo microscope and noted the absence or presence 
of developing fl ies, parasitoids and capsules. We included 
only those individuals in the analysis that either contained a 
live unencapsulated parasitoid larva (parasitised, unsuccess-
ful defence) or a capsule (parasitised, successful defence). 
Very often parasitised fl ies contained a live parasitoid larva 
and rests of a former capsule, which the parasitoid had suc-
ceeded in breaking out of. Th ese fl ies were assigned as being 
parasitised and not exhibiting successful defence. Unparasit-
ised fl ies were excluded from the analysis.

Haemocyte count

Th e method we used for obtaining circulating haemocytes 
was a combination of the methods carried out by Lanot et al. 
(2001) and Huang et al. (2005). After the time spans of 6, 12 
and 24 h after parasitisation had elapsed, we washed each 
larva out of the test tube onto a nylon gaze sieve, washed it 
thoroughly in PBS buff er and put it on fi lter paper to dry. It 
was then bled on a microscopic slide. We dissected the carcass 
of parasitised larvae to look for a parasitoid egg (or capsule) in 
order to verify parasitisation. Haemolymph specimens were 
allowed to dry and were fi xed in 100% methanol for 10 min. 
After drying, specimens were dyed with 10% Giemsa stain 
for one h. We counted all types of haemocytes at a magnifi ca-
tion of 480. Th e whole specimen was scanned by meandering 
through it. Th is was repeated four times and the arithmetic 
mean fi nally used for further calculation. Th e above method 
only renders underestimated haemocyte numbers, but since 

we treated specimens in the same way and compared them to 
each other, no absolute numbers were required.

Statistical analyses

All statistical analyses were carried out with R 2.5.0. We 
tested proportional data (survival and encapsulation ability) 
and data on development time, dry weight, haemocyte count 
as well as the delta value (response variables) using genera-
lised linear models (for proportional data: family: binomial; 
link: logit; for continuous data: family: poisson or quasipois-
son; link: identity), with yeast species as linear predictor. 
Regarding the food choice experiment, we used single-
sample t-tests (for normally distributed and variance-
homogenous data) as well as GLMs (family: quasipoisson; 
link: identity) to test for a signifi cant diff erence in the 
number of larvae found on each of the two yeast patches.

Results 

Developmental success and encapsulation

Th e dietary yeast species could be shown to infl uence certain 
life history traits of unparasitised as well as parasitised 
D. melanogaster larvae and emerging adults. Th e species 
K. lactis and S. cerevisiae appeared to have the most benefi cial 
infl uence on various fi tness traits, followed by the species 
C. albidus, P. toletana and M. pulcherrima.

Results for unparasitised larvae
Microbial diet had no signifi cant eff ect on the proportion of 
unparasitised larvae surviving until eclosion (F

4,195 
= 2.2504, 

p = 0.0651) (data not shown). Development time was signifi -
cantly aff ected (F

4,186 
= 14.753, p < 0.001) (cf. Fig. A1 A in the 

Supplementary material Appendix 1) as well as female dry 
weight of adult fl ies (F

4,91 
= 12.764, p < 0.001), but there was no 

signifi cant eff ect on male dry weight (F
4,90 

= 1.8204, p = 0.1318) 
(cf. Fig. A1 B in the Supplementary material Appendix 1).

Results for parasitised larvae
Microbial diet had no signifi cant eff ect on the proportion 
of parasitised larvae surviving until pupation (F

4,419 
= 1.7334, 

p = 0.1416) (data not shown). Encapsulation ability, how-
ever, was signifi cantly infl uenced by the diff erent dietary 
yeast species (F

4,358 
= 3.2049, p = 0.01). Some yeasts had 

a more benefi cial infl uence on encapsulation ability (e.g. 
K. lactis or M. pulcherrima) than others (e.g. S. cerevisiae, 
C. albidus or P. toletana) (Fig. 1).

Haemocyte count

At none of the three time spans after parasitisation that the 
total haemocyte count was carried out, a signifi cant diff er-
ence in the number of circulating haemocytes could be found 
between larvae having fed on K. lactis and those having fed 
on S. cerevisiae, neither in unparasitised (six h after paras.: 
F

1,55 
= 0.1161, p = 0.7346; 12 h after paras.: F

1,55 
= 0.2059, 

p = 0.6518; 24 h after paras.: F
1,56 

= 0.0001, p = 0.9928) nor 
parasitised larvae (6 h after paras.: F

1,50 
= 0.022, p = 0.8827; 
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Yeast combination K. lactis and S. cerevisiae
In unparasitised larvae, no preference for any of the two yeast 
species could be observed (t = –0.3389, DF = 9, p = 
0.7424). 

Parasitised larvae signifi cantly preferred K. lactis over 
S. cerevisiae (t = 3.2313, DF = 9, p = 0.0103); the diff erence 
between unparasitised and parasitised larvae was, however, 
not signifi cant (F

1,18 
= 4.1289, p = 0.05718) (Fig. 3B). When 

the food choice experiment with the yeast combination 
K. lactis and S. cerevisiae was repeated, unparasitised larvae as 
well as parasitised larvae preferred K. lactis over S. cerevisiae 
(unparas. larvae: t = 14.7073, DF = 101, p < 0.0001; paras. 
larvae: t = 39.35, DF = 101, p < 0.0001), and the diff erence 
between unparasitised and parasitised larvae was signifi cant 
(F

1,202 
= 4.503, p = 0.03505) (Fig. 4).

Crosswise transfer

When parasitised larvae were given the chance to feed from 
the yeast they had chosen, encapsulation ability was signifi -
cantly enhanced compared to when they were forced to feed 
from the yeast they had refused (Fig. 5). Th is was true both 
for larvae that had chosen K. lactis (F

1,52 
= 4.5025, p = 

0.03863) and those that had chosen S. cerevisiae (F
1,27 

= 
7.047, p = 0.01315).

Discussion

Since the ‘father of immunology’ Ilya Metchnikov, investi-
gating the microbiota and the immune system have increased 
signifi cantly in recent years (Huff nagle and Noverr 2008). 
Even though a vast number of microbiota may be initiators 

12 h after paras.: F
1,124 

= 0.0718, p = 0.7891; 24 h after 
paras.: F

1,130 
= 0.9674, p = 0.3272) (Fig. 2).

Diet choice

Yeast combination K. lactis and M. pulcherrima
Unparasitised larvae exhibited a signifi cant preference for 
K. lactis over M. pulcherrima (t = 7.0316, DF = 9, p < 0.0001). 
Also parasitised larvae signifi cantly preferred K. lactis over 
M. pulcherrima (t = 7.8117, DF = 9, p < 0.0001), even more so 
than unparasitised ones (F

1,18 
= 4.552, p = 0.0469) (Fig. 3A).

Yeast species in larval diet

C.alb. K.lac. M.pulch. P.tol. S.cer.
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unparasitised and parasitised larvae 24 h after parasitisation, for the 
yeast combinations Kluyveromyces lactis and Metschnikowia pulcher-
rima (A) as well as Kluyveromyces lactis and Saccharomyces cerevisiae 
(B). Delta values > 0 hint at a preference for K.lac., delta values < 0 
hint at a preference for either M.pulch. (A) or S.cer. (B). No. of rep-
licates = 10. Signifi cance levels: n.s. = not signifi cant, *p < 0.05.
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D. melanogaster larvae parasitised by A. tabida may exhibit a 
preference for yeast species that had turned out to benefi cially 
infl uence their encapsulation ability, and this preference may 
diff er from that exhibited by unparasitised larvae. Th ese fi nd-
ings support our hypotheses (4), (5) and (6). Th ompson et al. 
(2005) and Singer et al. (2009) found that feeding and nutri-
ent intake may diff er markedly between unparasitised and 
parasitised larvae and depend on the ratio of digestible pro-
tein and carbohydrate and on secondary metabolites. Th e dif-
ferent food preferences observed in parasitised D. melanogaster 
larvae may have been due to nutritional requirements altered 
by parasitisation. Th e requirements may, e.g. diff er especially 
in respect to micronutrients, and may be met in a better way 
by particular yeast species (e.g. K. lactis). According to Fekete 
and Kellems (2007), there is increasing evidence that the con-
centration of trace elements required for healthy animals are 
often below what is required for animals experiencing an 
immunological challenge. Th e presence of sterols may also 
have infl uenced diet choice: Yeast species may vary greatly in 
their sterol content, e.g. ergosterol (Bills et al. 1930). Sterols 
are essential compounds in an insect’s diet, yet insects are not 
able to synthesise them de novo (Behmer and Nes 2003, 
Nagata et al. 2006).

Regarding the yeast combination K. lactis and S.  cerevisiae, 
parasitised D. melanogaster larvae exhibited a signifi cant pref-
erence for K. lactis, which had been shown to infl uence encap-
sulation ability in a more positive way than S.  cerevisiae. Th e 
diff erence in preference between unparasitised and parasitised 
larvae was, however, not signifi cant. When the experiment was 
repeated with a higher number of replicates, a signifi cant dif-
ference did arise; this time, however, also unparasitised larvae 
exhibited a signifi cant preference for K. lactis. Th e observed 
variability in yeast preference or the degree of the preference 
for a specifi c yeast among both unparasitised and parasitised 
larvae, raised the question, whether there is an innate behav-
ioural variability within the population that is adaptive. Th is 

of diseases, they may also pose a major positive regulatory 
force for immune responses (Noverr and Huff nagle 2004). 
As a saprophagous insect that fulfi ls its development on 
decaying organic matter, D. melanogaster encounters a pleth-
ora of diff erent microorganisms. Especially yeast species pose 
the most important food source for larval as well as adult 
D. melanogaster (Begon 1982). Th e fi ndings of our fi rst 
experiment appear to support our hypotheses (1) and (2): 
In addition to confi rming the observation in former studies, 
that diff erent species of yeasts may have a diff erent infl u-
ence on the developmental success of unparasitised Droso-
phila larvae (Lindsay 1958, Cooper 1960, Dorsch 2007), we 
could show that also parasitised D. melanogaster larvae may 
experience an infl uence of dietary yeast species on their abil-
ity to encapsulate eggs of the parasitoid wasp A. tabida. So 
far, the infl uence of nutritional deprivation as well as host 
plant species or sugar concentration on encapsulation, mela-
nisation and nodule formation has been investigated (Feder 
et al. 1997, Suwanchaichinda and Paskewitz 1998, Koella 
and Sorensen 2002, Siva-Jothy and Th ompson 2002, Ojala 
et al. 2005). Th at particular dietary microorganisms may 
infl uence the encapsulation ability of a saprophagous insect 
adds a novel aspect. 

As they move in and on their food, D. melanogaster larvae, 
similar to many other dipteran especially cyclorrhaphous lar-
vae, perceive a number of food-associated stimuli, using a 
mixture of gustation and olfaction (Cobb 1999). Lindsay 
(1958), as well as Cooper (1960) and Dorsch (2007) had 
already observed that unparasitised larvae of diff erent species 
of Drosophila showed decided preferences when given the 
choice of several yeast species, and that they tended to 
prefer those yeast species which best supported their larval 
growth. In this study it could additionally be observed, that 
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behaviour and life history traits of D. melanogaster, the results 
suggest, that the microbial species composition of the food 
of a saprophagous host may infl uence the outcome of the 
interaction between the host and its parasitoids. Regarding 
the observed (heritable) variation around the behavioural or 
metabolic ‘golden mean’, with some phenotypes being more 
fi t than others in particular (food) conditions, the dietary 
microbial species composition may sustain genetic variabil-
ity within a host population and infl uence potential coevolu-
tionary processes between host and parasitoid.
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