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by another herbivore species, the gener-
alist moth Mamestra brassicae. Moreover, 
most of the Brassicaceae species tested 
were found to respond to P. brassicae eggs, 
which indicates that plant responses 
against oviposition are more common 
among the family of Brassicaceae. To 
assess effects on other members of the 
food chain, the effects of oviposition on 
plant volatile emission and the attraction 
of parasitic wasps, such as the larval  
parasitoid Cotesia glomerata, were tested. 
It was shown that the wasps were able to 
use the blend of plant volatiles, altered by 
their hosts’ oviposition, to locate young 
caterpillars just after hatching from eggs. 
The observed behaviour of the wasps 
was associated with higher parasitism 
success and higher fitness in young 
hosts. Similar results were obtained in a 
field experiment, where plants infested 
with eggs and caterpillars attracted more 
larval parasitoids and hyperparasitoids 
and eventually produced more seeds 
compared to plants infested with cater-
pillars only. 

This thesis showed that an annual 
weed like B. nigra uses egg deposition as 
reliable information for upcoming her-
bivory and responds accordingly with 
induced defences. Egg deposition could 
influence plant-associated community 
members at different levels in the food 
chain and benefit seed production. As 
the importance of oviposition on plant-
herbivore interactions has only recently 
been discovered, more research is needed 
to elucidate the mechanisms that underlie 
such plant responses and how these  
interactions affect the structure of insect 
communities in nature.
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How direct and indirect species interac-
tions shape diversity and evolution of  
individual species or community compo-
sition is a central issue in ecology. In ter-
restrial ecosystems, plants are among the 
most important components and inhabit 
a large diversity of landscapes. As prima-
ry producers in food webs, plants are 
challenged by various herbivorous organ-
isms. Among the herbivorous animals on 
the planet, insects are the most diverse 
group and have a long evolutionary histo-
ry (about 350 million years) with their 
host plants. Plants evolved a suite of di-
rect and indirect defence mechanisms to 
cope with insect attack, and significantly 
affect the structure of plantassociated  
insect communities. Such communities 
generally include carnivorous insects 
from the third trophic level and even  
from the fourth trophic level. It has been 
shown that parasitoids (at the 3rd trophic 
level) respond to herbivore-induced plant 
volatiles during localising of their herbi-
vore hosts. However, less is known about 
the foraging cues used by hyperparasi-
toids (at the 4th trophic level) that devel-
op in or on parasitoids. Hyperparasitoids 
have been considered as a threat to para-
sitoids that have potential value in bio-
logical control programs. There is a need 
for understanding of the cues used by hy-
perparasitoids in their foraging decisions.

The aim of this thesis was to investi-
gate the cues that are used by hyper- 
parasitoids in host location. In addition, 
we addressed the role of herbivoreassoci-
ated organisms (HAOs) in plant-mediated 
indirect species interactions. Firstly, the 
four-trophic-level study system is intro-
duced (see figure). The wild population 
‘Kimmeridge’ of Brassica oleracea plants 
hosts specialist herbivores, such as Pieris 
rapae and P. brassicae. Cotesia glomerata 
and C. rubecula are the natural enemies of 
Pieris caterpillars and spend their whole 
larval stages in the herbivore host. The 
Cotesia species may further be parasitized 
by a suite of primary hyperparasitoids 
(that attack parasitoid larvae) or second-
ary hyperparasitoids (that attack parasi-
toid pupae).

Next, the responses of the natural 
secondary hyperparasitoid community to 
herbivore-induced plants were studied in 
field experiments. Under field conditions, 
plants were induced by unparasitized 
or parasitized P. rapae caterpillars. The 
parasitoid cocoons were subsequently 
attached to different herbivore-induced 
plants and exposed to hyperparasitoids. 

Cocoons attached to herbivore-damaged 
plants received higher hyperparasitism 
rates than those attached to undamaged 
plants. Interestingly, highest hyperara-
sitism rates were found in cocoons at-
tached to plants damaged by caterpillars 
parasitized by the gregarious parasitoid 
C. glomerata, indicating that hyperpara-
sitoids are able to distinguish plants 
damaged by caterpillars carrying larvae 
of different parasitoid species. Together 
with previous Y-tube olfactometer as-
says, it is confirmed that the hyperpara-
sitoid L. nana uses HIPVs as cues during 
host searching. Moreover, the presence 
of parasitoids indirectly affects plant-
hyperparasitoid interactions.

In nature, a single parasitoid species 
may attack different herbivore species. 
Therefore, whether herbivore identity  
(P. rapae or P. brassicae) affects foraging 
preferences of hyperparasitoids was fur-
ther investigated, using an ecogenomic 
approach that combines insect behav-
ioural assays with plant metabolomic 
and transcriptomic analyses. The herbi-
vore identity of parasitized caterpillars 
did not influence the hyperparasitoid  
L. nana’s preferences for HIPVs under 
both laboratory and field conditions, al-
though it did affect plant transcriptional 
and metabolomic responses to herbivory. 
Compared to parasitism, herbivore iden-
tity plays a minor role in HIPV-mediated 
plant-hyperparasitoid interactions.

Apart from plant volatiles, a broad 
range of infochemicals are present in 
nature, which are may be used by hyper-
parasitoids for host location. I addressed 
whether volatiles emitted by herbivores 
themselves can be used by the primary 
hyperparasitoid Baryscapus galactopus for 
location of their inconspicuous hosts  
developing in the caterpillar. Further-
more, volatiles from the headspace of 
unparasitized and parasitized herbivores 
were collected to study whether para-
sitism affects body odours of herbivore 
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hosts. Interestingly, B. galactopus respond-
ed to volatiles released by P. rapae caterpil-
lars and can distinguish between body 
odours of unparasitized and parasitized 
herbivore hosts. The primary hyperpara-
sitoids were faster in making first contact 
with parasitized caterpillars and spent 
longer mounting time on these hosts. 
Analysis of the headspace of caterpillars 
revealed that parasitoid larvae affect 
the physiology of their herbivore host, 
resulting in altered body odours of the 
caterpillar. Therefore, hyperparasitoids 
are able to use chemical cues that have 
different origins for host searching: plant 
and herbivore odours.

Similar to other higher organism, 
there are diverse micro-organisms (virus-
es, bacteria, fungi) and macro-organisms 
(parasitic worms or parasitic wasps)  
living in or on herbivorous insects. These 
herbivore-associated organisms (HAOs) 
may profoundly affect plant direct and 
indirect responses to herbivory. The 
examples regarding behavioural and 
physiological manipulations of herbivore 
hosts by HAOs are discussed. Some HAOs 
can modulate plant defensive responses 
to their herbivore host through direct 
contact with plant tissues. Whereas 
some other HAOs indirectly affect plant 
responses to herbivory via manipulating 
host feeding behaviours and physi-
ological status. As ‘hidden players’, HAOs 
may also drive plant-insect co-evolution, 
as well as shape the structure of the  
insect community. Particularly, it has 
been shown that the presence of parasi-
toid larvae inside herbivore hosts causes 
differentially expressed defence-related 
genes in plants. The altered plant traits 
further affect ovipostion preferences of 

the diamondback moth Plutella xylostella 
and foraging behaviours of the hyper-
parastioid L. nana. It was suggested that 
the altered plant phenotype induced 
by parasitized caterpillars was due to 
parasitism-induced changes in composi-
tion of caterpillar oral secretions, where 
several herbivore-associated elicitors 
(HAEs) were identified. Since caterpillar 
oral secretions are complex mixtures  
of substances with different origins,  
caterpillar labial saliva was studied for 
its role in plant-insect interactions. Using 
an ablation technique for labial salivary 
glands, the secretion of labial saliva can 
be completely eliminated. The results 
showed that P. xylostella and L. nana can-
not distinguish between plants induced 
by ablated unparasitized or parasitized 
caterpillars and respond to plants in-
duced by ablated caterpillars similarly as 
to undamaged control plants. Plant vola-
tiles induced by ablated or mock-treated 
caterpillars showed quantitative differ-
ences. Moreover, transcripts of genes  
encoding the herbivore-associated elici-
tors β-glucosidase and glucose oxidase 
were differentially regulated in salivary 
glands of parasitized caterpillars com-
pared to unparasitized caterpillars. 
Therefore, the extended phenotype of 
parasitoid larvae that are expressed in 
changes in the saliva of their herbivo-
rous host strongly influence plant trait-
mediated indirect species interactions.

When different hyperparasitoids use 
the same parasitoid host, competitive  
interactions occur. For primary parasi-
toids, it has been suggested that solitary 
species are superior to gregarious species  
in intrinsic competition because of their 
aggressive nature. The intrinsic com-

petition between two primary hyper-
parasitoids, B. galactopus and Mesochorus 
gemellus, was investigated. Remarkably, 
in contrast to what has been reported  
in the literature for primary parasitoids, 
the results of this study showed that the 
gregarious hyperparasitoid B. galactopus 
had a competitive advantage over the 
solitary species M. gemellus.

The outcomes of this thesis contrib-
ute to our understanding of the roles of 
infochemicals in foraging decisions of 
hyperparasitoids. The ecological roles  
of plant volatiles still require further  
investigations in a community-wide  
context. Although parasitoids may affect  
population dynamics of herbivorous 
insects, their presence in herbivores in-
directly influences plant phenotypes and 
thereby result in altered trait-mediated 
indirect interaction networks that attract 
the hyperparasitoid enemies of beneficial 
third trophic level parasitoids. 
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Het Westnijlvirus (WNV) en het chikun-
gunyavirus (CHIKV) zijn twee humaan 
pathogene virussen die hun oorsprong 
vinden in Afrika, en recentelijk grote  
uitbraken hebben veroorzaakt op de  
Europese en Amerikaanse continenten. 
Deze door muggen overgedragen virus-
sen kunnen in mensen respectievelijk 
hersen(vlies)ontsteking en artritis ver-
oorzaken. Om succesvol verspreid te 
kunnen worden, vermenigvuldigen deze 
virussen zich in de mug tot hoge concen-
traties (figuur), zonder ogenschijnlijke 
ziekteverschijnselen te veroorzaken.  
Echter, virusvermenigvuldiging in men-
sen en andere gewervelde dieren wekt 
een sterke antivirale afweer op, gaat  
samen met ziekteverschijnselen en kan 
soms de dood tot gevolg hebben. 

WNV is een flavivirus (familie Flavi- 
viridae, genus Flavivirus) en is onder te 
verdelen in een aantal stammen (of line-
ages). In 1999 werd WNV voor het eerst 
aangetroffen op het Amerikaanse conti-
nent. Een lineage 1 WNV-isolaat begon  
in New York (VS) en verspreidde zich  
al snel over het gehele continent, wat  
resulteerde in de grootste uitbraak  
van hersen(vlies)ontsteking ooit waar- 
genomen. In 2010 kreeg een pathogeen 
lineage 2 WNV-isolaat definitief voet aan 
de grond in Zuid-Europa, waar het sinds-

The four trophic levels 
of the study system 
including the host plant, 
herbivorous caterpillars, 
three parasitoid wasp 
species and two species 
of hyperparasitoid that 
parasitize on the pri-
mary parasitoids.
De vier trofische niveaus 
van het studiesysteem 
met de waardplant, 
plantenetende rupsen, 
drie soorten sluipwes-
pen en twee soorten 
hyperparasitoïden die 
de primaire parasitoïden 
parasiteren.


