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de groei van de aanvaller beïnvloeden. 
Elk type insect kan echter een verschil-
lende reactie in de plant veroorzaken, en 
een combinatie van verschillende insec-
tensoorten tegelijkertijd of na elkaar op 
één plant geeft vermoedelijk een andere 
reactie dan simpelweg ‘de som der delen’ 
van elk insect apart. In dit proefschrift 
bestudeerde ik de effecten van meerdere 
soorten herbivore insecten op het gedrag, 
groei en de gemeenschapsamenstelling 
van insecten die op de aangevreten plant 
komen. 

Ik gebruikte de in het wild voorko-
mende kool (Brassica oleracea) en een 
aantal veelvoorkomende plaaginsecten: 
de melige koolluis (Brevicoryne brassicae), 
de rups van de koolmot (Plutella xylostella) 
en de rups van de kooluil (Mamestra 
brassicae). 

Zowel de volgorde als de timing waar-
mee de bladluis en de koolmot van de 
plant aten tijdens laboratoriumstudies, 
beïnvloedde de keuze en de groei van 
de kooluil, wanneer die van de aange-
vreten plant at. Vervolgens bleek dat 
planthormonen en genen betrokken bij 
plantverdediging verschilden tussen 
vraat van één of meerdere insecten-
soorten tegelijk. Ook in het veld bleek 
dat de volgorde waarin de eerste insecten 
van het seizoen (bladluis of rups) op de 
koolplant kwamen, invloed had op de 
gehele insectengemeenschap gedurende 
het seizoen. Een ander veldexperiment 
liet zien dat insecten vroeg in het seizoen 
invloed hebben op zowel de insectenge-
meenschap als het aantal plantenzaden 
geproduceerd in het daaropvolgende 
jaar. Tot slot bleek dat de geschiedenis 
van alle insectensoorten die op een plant 
voorkomen, maar ook de leeftijd van de 

plant, beïnvloeden hoe de insectenge-
meenschap er later uit ziet.

Met dit proefschrift wordt het dui- 
delijk dat een combinatie van meerdere 
insectensoorten tegelijkertijd op één 
plant gedurende meerdere jaren een 
grote invloed heeft op de insecten die 
daaropvolgend van diezelfde plant eten.
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The goal of this thesis was to develop 
new environmentally friendly strategies 
for the management of two important 
moth pests: the carob moth (Ectomyelois 
ceratoniae) and the tobacco budworm  
(Heliothis virescens).

Semiochemical-based behavioral ma-
nipulation has been increasingly imple-
mented in integrated pest management 
(IPM) as an environmentally friendly 
strategy. To explore the use of host plant 
volatiles in the management of carob 
moths, the pomegranate - carob moth  
interaction was studied in field and 
windtunnel experiments, and biologically 
active host plant volatiles were identified 
using electroantennography, gas chroma-
tography, and mass spectrometry. In the 
tobacco budworm, the role of male sex 
pheromone in male-male competition 
was investigated. Male mating prefer-
ence for virgin females perfumed with 
conspecific male pheromone versus non-
perfumed virgin females was tested in 
choice experiments. 

Cracked pomegranates and cracking-
susceptible cultivars were most suscep-
tible to carob moth infestation. Male 
and female moths were attracted by 
mature pomegranates, but not by unripe 
fruits. The combination of pomegranate 
with virgin females was most attrac-
tive to the moths, including females. 
β-Caryophyllene was identified as 
the pomegranate volatile that elicited 
the strongest antennal responses. In 
the windtunnel, moth attraction was 
negatively correlated with the amount of 
β-caryophyllene in fruits. In the tobacco 
budworm, virgin females perfumed 
with male pheromone or with the main 
pheromone component mated less than 
control virgin females even after 24 
hours, indicating that males perfume the 
female, which inhibits the approach of 
other males.

Pomegranate volatiles and male 
pheromone of the tobacco budworm 
show great potential for application in 
IPM. Attractive volatiles from cracked 
pomegranates alone or in combination 
with female sex pheromone can further 
be exploited as lures to trap carob moths 
or to attract them in a push-pull strategy. 
Male pheromone can be considered to be 
used in mating disruption of the tobacco 
budworm. 
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My thesis explores whether aphid infes-
tation interferes with the behaviour and 
performance of individual chewing insect 
herbivores and their natural enemies, as 
well as the entire insect community. I in-
vestigated this using three wild cabbage 
populations that are known to differ in 
constitutive and inducible secondary 
chemistry to reveal whether patterns 
were consistent. 

My thesis employed field experi-
ments to study insect communities and 
laboratory experiments to study herbi-
vore and parasitoid performance, and 
attraction of parasitoids to herbivore-
induced plant volatiles. I also identified 
and quantified plant volatiles that are 
induced in response to single and dual 
herbivory and measured the expression 
of genes involved in plant defence. 
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The most important results of this 
thesis are: (1) Aphid infestation early 
in the season only affected a subset of 
the insect community, i.e. the natural 
enemies of aphids, but not the chewing 
herbivores and their natural enemies, 
and this effect waned later in the season. 
(2) In laboratory bioassays, the perfor-
mance of the specialist herbivore Plutella 
xylostella and its parasitoid Diadegma 
semiclausum was better on plants infested 
with aphids than on aphid-free plants, 
whereas the performance of the general-
ist herbivore Mamestra brassicae and its 
parasitoid Microplitis mediator was not 
affected by aphid infestation. (3) Aphid 
infestation increased the attraction of 
M. mediator, although the emission of 
most volatile compounds was reduced 
in plants dually infested with M. bras-
sicae caterpillars and aphids compared to 
plants singly infested with caterpillars. 
(4) No interactive effects on the tran-
scription levels of the salicylic acid- and 
jasmonic acid-responsive marker genes 
were found in dually infested plants. 

The findings of this thesis contribute 
to our understanding of plant responses 
to herbivory by insect species belong-
ing to different feeding guilds and their 
ecological effects on other associated 
community members. Aphid infestation 
may interfere with short-term plant 
direct and indirect defences against 
leaf-chewing herbivores at the individual 
species level, but the effects are species-
specific, varied among the cabbage 
populations and also depend on the in-
festation period of aphids.
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The goal of this Ph.D. thesis was to  
determine the effect of microoganisms 
on host-seeking behaviour of malaria 
mosquitoes in Kenya.

Semi-field and field experiments 
determined the response of mosquitoes 
with different host preferences: the  
antropophilic Anopheles gambiae s.s. and 
the more opportunistic An. arabiensis. 
Mosquitoes were exposed to synthetic 
and natural odour blends from three 
vertebrate host species, a human, a cow 
and a chicken. Screenhouse experiments 
tested whether specific skin bacteria or 
a mix of skin bacteria from each of the 
three vertebrate hosts mediate mosquito 
attraction. Further, a dual-choice olfac-
tometer determined whether infection 
with malaria parasites (Plasmodium falci-
parum) influences human attractiveness 
to An. gambiae s.s., and whether this  
effect is specific to malaria parasite 
stages. Here, the same children partici-
pated in the study during infection with 
P. falciparum and after treatment with an-
timalarial drugs. Finally, dual-choice cage 
assays were used to test the mechanisms 
of attractiveness of malaria-infected  
individuals using body odours or skin 
bacteria collected from the children at 
these two time points.

Mosquitoes with different host pref-

erences responded differently to odours 
from humans and animals. Skin bacteria 
of vertebrate hosts influenced the inter-
action between these hosts and different 
mosquito species. I also showed that 
natural infection with high densities of 
the transmissible stages of P. falciparum 
(gametocytes) increases attractiveness 
of children to malaria mosquitoes about 
two-fold. This effect disappeared follow-
ing antimalarial treatment. Body odours 
of children infected with P. falciparum 
were also more attractive than body 
odour of the same children after parasite 
clearance, while there was no effect of 
malaria infection on the attractiveness of 
skin bacteria to An. gambiae s.s. 

Future research should focus on the 
identification of volatile compounds 
that enable mosquitoes to differentiate 
between different host species or be-
tween parasite-free humans and those 
infected with (different stages of) malaria 
parasites. This can lead to improvement 
of mosquito lures that can be used in 
odour-baited traps and contribute to  
control of vector-borne diseases. 
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The aim of my thesis was to investigate 
the factors affecting the oviposition  
behavior of a major eucalyptus pest 
worldwide, the bronze bug Thaumastocoris 
peregrinus. Based on the information ob-
tained, this study also pursued potential 
improvements in the management of  
T. peregrinus in Eucalyptus plantations. 

The study system comprised the 
bronze bug T. peregrinus, its host plant 
(Eucalyptus spp.), the red gum lerp psyllid 
Glycaspis brimblecombei, a common co-
occurring sap feeder, and a specialist egg 
parasitoid Cleruchoides noackae. I focused 
on the preference-performance hypoth-
esis, and tested preference-performance 
correlations, assessing the effects of host 
plant quality, the presence of conspecifics, 
and infestation by a potential competitor. 
I also investigated host-selection behav-
iour of the parasitoid, testing its responses 
towards different contact cues. 

I found that, in general, oviposition 
preferences by the bronze bug correlated 
with offspring performance. I provided 
evidence for competition between the 


