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important role in the modulation by  
P. xylostella of aphid-induced defences:  
P. xylostella caterpillars induced changes 
in levels of jasmonic acid (and its biologi-
cally active from JA-Ile) only when feed-
ing simultaneously with aphids at a high 
density.

To study the overall effect of dual 
herbivory on induced plant defences,  
I studied induced indirect defences by 
observing attraction of the aphid para-
sitoid Diaeretiella rapae to volatiles from 
aphid-infested A. thaliana plants. This 
showed that intact ethylene signalling 
is needed for caterpillar modulation of 
the attraction of D. rapae parasitoids. On 
the other hand, attraction of the cater-
pillar parasitoid Diadegma semiclausum 
to volatiles emitted by A. thaliana plants 
simultaneously infested by caterpillars 
and aphids was influenced by the density 
of the feeding aphids. The observed pref-
erence of D. semiclausum parasitoids for 
plants dually infested by caterpillars and 
aphids at a high density could be linked 
to biosynthesis and emission of the ter-
pene (E,E)-α-farnesene. 

I also addressed the question whether 
the transcriptomic response to simulta-
neously attacking aphids and cater- 
pillars was dependent on aphid density 
and time since initiation of herbivory. 
The microarray data show that the num-
ber of differentially expressed genes  
was higher in response to simultaneous 
feeding by P. xylostella caterpillars and  
B. brassicae aphids than feeding by cater-
pillars alone. Additionally, specific genes 
were differentially expressed in response 
to aphids feeding at low or high density. 
Cluster analysis showed that the pattern 
of gene expression over the different 
time points in response to dual infesta-
tion was also affected by the density 
of the attacking aphids. These results 
suggest that insects attacking at a high 
density cause an acceleration in plant 
responses compared to insects attacking 
at low density. 

As a next step in the study of multiple 
interacting herbivores, I studied whether 
plant responses to dual herbivory have 
consequences for the performance of a 
subsequently arriving herbivore, Mamestra 
brassicae caterpillars. I used wild B. oleracea 
plants to evaluate dual herbivore-induced 
plant adaptations for subsequent her-
bivory in a more ecologically relevant 
setting. Simultaneous feeding by P. xylos-
tella and B. brassicae resulted in different 
plant defence-related gene expression 
and differences in plant hormone levels 
compared to single herbivory, and this 
had a negative effect on subsequently  
arriving M. brassicae caterpillars. Differ-
ential induction of jasmonic acid regu-

lated transcriptional responses  
to dual insect attack was observed, which 
could have mediated a decrease in  
M. brassicae performance. The induction 
of plant defence signalling also affected 
both P. xylostella and B. brassicae perfor-
mance. This study further helps to un-
derstand herbivore community build-up 
in the context of plant-mediated species 
interactions.

Altogether, findings from this thesis 
provide insight in the molecular basis 
underlying plant responses against mul-
tiple herbivory and in plant-mediated 
interactions between aphids and cater-
pillars feeding on plants growing in the 
field or used in agriculture.
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As food resources for herbivorous in-
sects, the quality and quantity of plants 
can directly affect the performance of 
herbivorous insects; it will also indirectly 
affect the performance of natural ene-
mies of herbivorous insects such as para-
sitic wasps. Food-plant suitability for her-
bivores and potentially their natural 
enemies is determined by plant quality, 
such as the production of primary and 
secondary metabolites and morphologi-
cal traits, but quantity can also be impor-
tant. In nature, plant quality and quanti-
ty are dynamic and can change within 
individual plants over the course of a sin-
gle growing season. When multivoltine 
insects associate with short-lived annual 
plants, each generation must move from 
the natal plant species/patch to a new 
food-plant species/patch. In this in-
stance, food-plant quality and quantity 
may be highly variable for parents and 
their children and grandchildren. Howev-
er, thus far, temporal realism is often 
missing in many studies of multitrophic 
interactions. Most studies are conducted 
in a single time frame or involve interac-
tions between insects with a single plant 
species and tacitly assume that these in-
teractions persist over a long period of 
time. This thesis explores constraints im-
posed by the seasonal phenology of sev-
eral food-plant species on the develop-
ment, survival and oviposition decisions 
in a gregarious insect herbivore and its 
parasitoid wasp both of which have two-
three generations per year. As a model 
system, I used the large cabbage white 
butterfly, Pieris brassicae, and its special-
ized gregarious endoparasitoid Cotesia 

glomerata. Pieris brassicae is a specialist 
that feeds primarily on plants in with the 
Brassicaceae family. Three short-lived 
annual plants that are known to serve as 
food plants for P. brassicae were used in 
my thesis: Brassica rapa, Sinapis arvensis, 
and Brassica nigra. These species grow 
rapidly and exhibit differing seasonal 
phenologies, each growing within a short 
period of time with little temporal over-
lap amongst them. 

In Central Europe, B. rapa typically 
grows in early spring, S. arvensis in late 
spring and early summer, and B. nigra in 
mid to late summer. Pieris brassicae gen-
erally has three generations per year, and 
C. glomerata two or three. This means that 
different generations of the insects must 
find and exploit different food-plant spe-
cies that potentially differ in size, quality 
and in the habitats in which they grow. I 
explored whether growing on the same 
or different food-plant species in succes-
sive generations affects the performance 
of P. brassicae and its endoparasitoid, C. 
glomerata. Development time and bio-
mass were measured in the herbivore P. 
brassicae and C. glomerata when they were 
either reared on each of the three plant 
species for three successive generations 
or shifted between generations from B. 
rapa to S. arvensis to B. nigra as the natural 
sequence of plant growing in the field 
across the season. The results show that 
when reared on the same food-plant 
species, development time of both the 
herbivore and the parasitoid decreased 
across different generations. The biomass 
of insects was larger when feeding on 
S. arvensis and B. nigra plants than on B. 
rapa plants. However, when insects were 
shifted to new food plants, insect perfor-
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mance was marginally affected depend-
ing on the identity of the new food plant. 
I conclude that plant species identity, 
seasonal phenology and food-plant shifts 
all may affect the performance of mul-
tivoltine herbivorous insects and their 
parasitoids, although both the herbivore 
and its parasitoid performed well on the 
three species, showing that they are well 
adapted to shifting food plants across a 
growing season. 

One of the major challenges for each 
generation of multivoltine herbivorous 
insects searching for food plants is that 
female butterflies are likely to encounter 
individual food plants in various stages 
of size and hence developments, where 
plant quality is also different and could 
directly affect insect performance. I in-
vestigated whether female butterflies 
of P. brassicae are able to distinguish be-
tween different developmental stages 
of two different food-plant species, S. 
arvensis and B. nigra, for oviposition. Ovi-
position preference was investigated in 
three-choice-experiments in tents placed 
outside in the garden of NIOO-KNAW 
on bare soil. One plant from each three 
different age classes was prepared. For 
each plant species, bioassays were per-
formed separately. The results showed 
that oviposition preference order for 
food plants declined with plant age in 
both plant species; the butterflies pre-
ferred the smallest, youngest plants for 
oviposition. I also investigated whether 
female butterflies lay their eggs on plants 
in the developmental stage that is best 
for the growth and development of their 
offspring. I found that oviposition prefer-
ence was positively correlated with larval 
performance when the food plant was 
S. arvensis, but not when the food plant 
was B. nigra. Actually, the overall effects 
of food-plant quality for P. brassicae on 
herbivore performance were relatively 
small. I also analyzed and quantified 
primary (amino acids and sugars) and 
secondary metabolites (glucosinolates) in 
tissues collected from plants in different 
developmental stages to link larval per-
formance with qualitative characteristics 
of the plant tissues of both plant spe-
cies. Differences in plant chemistry were 
more pronounced with respect to tissue 
type (leaves versus flowers) than among 
different developmental stages in both 
plant species. Correlations were found 
between insect performance and plant 
chemistry variables for both plants spe-
cies. However, I did not detect any clear 
consistencies in phytochemistry charac-
teristics and insect performance. 

Gregariously-feeding insect herbi-
vores can be constrained by the avail-

ability of sufficient food resources. Some 
multivoltine gregarious insects are 
known to associate with short-lived an-
nual plants, which have limited biomass. 
I examined the effect of periodic starva-
tion and density of natal plants on the 
development and survival of the herbi-
vore and its endoparasitoid. In laboratory 
experiments, I tested how periodic food 
deprivation of healthy and parasitized 
final-instar caterpillars affected survival 
and fitness (body mass and development 
time) of P. brassicae and C. glomerata. I also 
investigated the ability of herbivores and 
their parasitoids to recover from variable 
periods of food deprivation when re-
provided with plant diet after short-term 
starvation. The results of this investiga-
tion showed that depriving P. brassicae 
caterpillars of food plants for variable 
periods in the final instar significantly af-
fected the survival and fitness of both the 
herbivore and its parasitoid. Moreover, 
any kind of interruption in the feeding 
behaviour in insects can have a signifi-
cant effect on the fitness of survivors. In 
the herbivore, these effects are correlated 
with the age of the caterpillar in its final 
instar. I also studied how variation in 
plant biomass and natural vegetation 
barriers affected the survival of healthy 
and parasitized larvae in a semi-field ex-
periment. In outdoor tents with natural 
vegetation, I monitored the survival of 25 
healthy and 25 parasitized caterpillars 
that were placed on mustard plants in 
pots in groups of one, five or eight plants 
(as natal food-plant patch) in the center, 
and with two plants placed in all four 
corners of the tents 1.5 m away. Emigra-
tion rates of both healthy and parasitized 
caterpillars from the natal food-plant 
patch to the other food-plant patches 
decreased with natal food-plant density. 
Survival of both the herbivore and the 
parasitoid increased with natal plant 
density and was higher for healthy than 
for parasitized caterpillars. I concluded 
that in P. brassicae and C. glomerata which 
are associated with short-lived annual 
plants, plant quantity is more vital for 
insect development and survival than 
plant quality. 

How experience of insects in their 
natal habitat affects their later likelihood 
of accepting a similar food plant (her-
bivorous insect) or host (parasitoid) has 
also been examined. When multivoltine 
insects associate with short-lived annual 
plants, for each generation of insects, the 
food-plant individual/species on which 
the caterpillars (and by association, their 
parasitoids) had fed during their larval 
stage is not available anymore when they 
enclose as adults. If these insects are 

restricted by their natal experience, they 
may face the negative consequences of 
wasting time for searching for new food 
plants/hosts close to the natal patch. I 
tested whether rearing history, that is 
growing on the different food-plant spe-
cies (B. rapa, S. arvensis, and B. nigra) in 
one generation affects oviposition site 
selection of adult P. brassicae and forag-
ing behaviour of C. glomerata. The results 
show that rearing history only marginally 
affected oviposition preference of P. bras-
sicae butterflies, and had no effect on C. 
glomerata landing preference. However, P. 
brassicae did not have a consistent pref-
erence for any plant species, whereas C. 
glomerata had a clear preference for B. 
rapa. Volatile compounds are known as 
important attractants for parasitoids. To 
explain the attractiveness of different 
food-plant species for the female wasps, 
the headspace of B. rapa, S. arvensis, and 
B. nigra that had been fed by P. brassicae 
larvae for 24 h was analyzed. Higher 
total amounts of volatile blends in B. 
rapa and of the glucosinolate breakdown 
product 3-butenyl isothiocyanate in the 
headspace of this plant species could 
explain the higher attractiveness of it to 
C. glomerata. My results show that being 
less choosy enables multivoltine insects 
to be flexible for different host species ir-
respective of their rearing history. 

In conclusion, my PhD research 
shows that P. brassicae and C. glomerata 
are well-adapted to developmentally and 
behaviourally exploit three phenologi-
cally different plant species across con-
secutive generations in a single growing 
season. The performance and survival of 
both insects was marginally affected by 
season-related and plant species-specific 
variation in food-plant quality, whereas 
they were more constrained by quantita-
tive aspects of one important food-plant 
species (B. nigra). Female P. brassicae but-
terflies may ‘anticipate’ future plant 
quantity or quality when choosing ovi-
position sites rather than select for plant 
traits at oviposition. Pre-adult experience 
had minor effects on oviposition prefer-
ence in P. brassicae and had no effect on C. 
glomerata landing preference. The bottom 
line is that it is adaptive for these insects 
to be flexible in the cues they use to find 
new plants/hosts in different genera-
tions.


