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Summary

Plants in agricultural production systems are usually attacked by several species of
herbivorous insects and mites. Biological control of these pests can be achieved

using specialist and generalist natural enemies. For a long time, biological control was
mainly focussed on specialist natural enemies, because they are well adapted to their
prey. However, they often cannot persist in a crop when prey are scarce or absent.
Repeated introductions are usually needed to control pests, which often involves
problems with timing, costs and quality of the natural enemies. In general, generalist
predators establish better in crops and can potentially control several pest species.
However, they are more involved in various interactions among species than special-
ists, which can be either detrimental or favourable for pest control.

One of these interactions occurs when generalist predators mediate interactions
among pests. These pests can directly influence each other through competition for
plant material, but they can also affect each other indirectly by changing the popula-
tion densities of the generalist natural enemies they share. Theories based on equi-
librium dynamics predict that, if a population of a new prey species is added to a sys-
tem of one predator and one prey species, the equilibrium density of the shared
predator will increase and that of the resident prey species will decrease. This is
called ‘apparent competition’, because the dynamics of the two species resemble
that of species competing for resources, whereas in fact it is the shared predator that
mediates this interaction. In the short term, when dynamical equilibria have not been
reached, the predator-mediated indirect interaction between prey may cause the
opposite effect; the addition of a population of a second prey species to a predator-
prey system leads to satiation of the predator population and consequently lower
predation on the resident prey population. In that case, one prey species benefits
from the addition of another prey species, which can be classified as ‘apparent mutu-
alism’. Such effects may also occur in the long-term in predator-prey systems that
show persistent fluctuations. Thus, generalist predators can mediate interactions
between pest species that can enhance pest control, but in some cases also can
reduce pest control.

Another type of food web complexity occurs when generalist predators consume
other natural enemies. This is referred to as ‘intraguild predation’ when the two
species of natural enemies also compete for the same pest species. The predator
species that kills and eats natural enemies of another species is called the intraguild
predator and the other natural enemy is the intraguild prey. Equilibrium theory on
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intraguild predation predicts that when the intraguild prey is a better competitor for
the shared pest than the intraguild predator, this will eventually yield less efficient
pest control. Predators can also attack other predators with which they do not share
a prey (i.e. each predator feeds on a different prey species). I suggest using the term
hyperpredation for this kind of interaction, because of its similarity to hyperparasitism
(parasitic wasps that parasitize parasitized prey). Hyperpredation can in fact be clas-
sified as apparent competition between the alternative prey and the specialist natu-
ral enemy. Predation of specialist natural enemies by hyperpredators will release the
pest of the specialist natural enemy from control and this effect might become
stronger when alternative prey increase the densities of the hyperpredators.

This thesis is on the role of generalist predators in the control of multiple pest
species in greenhouse vegetable crops. My first goal was to see whether dynamical
patterns predicted by theories of apparent competition, apparent mutualism and
intraguild predation could be identified from the dynamics of arthropod communities
in greenhouse crops, and second, how interactions in these food webs with gener-
alist predators affected pest control. The pest species that I studied are among the
most harmful species in greenhouse crops, namely the greenhouse whitefly, western
flower thrips, spider mites and aphids. My research started with the selection and
evaluation of different species of generalist predatory mites for the control of thrips
in cucumber. Several predatory mite species controlled thrips better than the hither-
to commonly used species Neoseiulus cucumeris. Strikingly, the most effective pred-
ators of thrips, Typhlodromalus limonicus, Amblyseius swirskii and Euseius ovalis,
were proven to be capable of controlling whiteflies in other studies. A logical next
step was thus to determine how pest control is affected by these predators when
both thrips and whitefly were present in a crop. In Chapter 3, I show that both the
generalists A. swirskii and E. ovalis control whiteflies better in the presence of thrips.
This appeared a straightforward confirmation of the theory of apparent competition,
but something more was going on. The densities of predatory mites were remarkably
high when both pests were present, higher than could be explained by the availabil-
ity of prey. I found that the predatory mite A. swirskii developed faster on a mixed diet
of whitefly eggs and thrips larvae compared to a diet of thrips only or of whiteflies
only. Moreover, there was virtually no mortality during the immature mite stages on a
mixed diet, whereas up to 40% of the predators died on a diet of whitefly eggs.
Hence, the populations of predators increased faster on a mixture of the two pest
species, and the effects of apparent competition seem to be strengthened by this
effect of a mixed diet.

In chapter 4, I tested the hypothesis that the interaction between two pests that
share a predator may lead to increased pest densities (apparent mutualism) in the
short term. This was indeed the case: the control of thrips was reduced by the pres-
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ence of greenhouse whitefly during the first 3 weeks. However, a strong increase in
density of the predatory mites eventually led to better control of thrips with whiteflies
present. Satiation effects can occur repeatedly when prey populations show persist-
ent fluctuations, resulting in the repeated occurrence of positive indirect interactions
between the prey species. Such fluctuations may occur when young, vulnerable
stages that escape from predation due to predator satiation become invulnerable
and give rise to a new generation of offspring. This, in turn, can again result in pred-
ator satiation, thereby releasing thrips and whiteflies from control. In the experiments
described in chapter 4, I mimicked such fluctuations through the release of high
numbers of pests at once, which resulted in a high density of a second generation of
whiteflies, which indeed resulted in a significant delay of the suppression of thrips
populations. Until now, there was little empirical evidence for the occurrence of these
effects. With these greenhouse experiments, I show that such effects of fluctuating
populations may give rise to a substantial delay in the control of multiple pests with
a shared predator population.

In chapter 5, I extended the system of generalist predatory mites, thrips and
whiteflies with spider mites, another pest species. First of all, I showed that the
predatory mite A. swirskii was unable to control spider mites when this was the only
pest species present. A laboratory experiment showed that A. swirskii was hampered
by the web of spider mites, which they produce to protect themselves against vari-
ous predators. It was therefore surprising that the control of spider mites by this
predator was improved in the presence of other pests in a greenhouse trial on
cucumber plants. The control of spider mites was better in the presence of thrips
than in the presence of greenhouse whiteflies, but the best control occurred in the
presence of thrips, whiteflies and spider mites. In this experiment too, the improved
pest control was probably caused by the strong population growth of the predatory
mites on a mixed diet of thrips and whiteflies. Thus, pest diversity can enhance pest
control with generalist predators, even when this pest is a less suitable prey species.

In chapter 6, I show a downside to the use of generalist predatory mites. In green-
house trials, it became clear that they consume the eggs of an important predator of
aphids, the gall midge Aphidoletes aphidimyza. This interaction can be classified as
hyperpredation, because the mites do not prey on aphids. Hyperpredation of gall
midge eggs by the predatory mite A. swirskii significantly disrupted the control of
aphids in a sweet pepper crop. Hence, this study shows that disruption of aphid con-
trol by predatory mites is a realistic scenario and therefore needs to be considered
when used in biological control.

In Chapter 7, I compare the effects of two types of generalist predators on aphid
control. Specialist natural enemies of aphids (parasitoids and gall midges) were com-
bined with either generalist predatory mites or generalist predatory bugs in a sweet
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pepper crop that was attacked by aphids and thrips. The predatory mite N. cuc-
umeris, a hyperpredator of gall midges, seemed to release aphids from control: den-
sities of aphids were higher in the presence of this predator than when only spe-
cialised enemies of aphids were present. The opposite was found for the predatory
bug Orius majusculus, an intraguild predator of both parasitoids and gall midges; the
control of aphids in the presence of this generalist was significantly enhanced com-
pared to the treatment with only specialised aphid enemies. In the laboratory, I
showed that these predatory bugs fed on both aphids and thrips when both pests
were present. Thrips are likely to contribute to the establishment of the predatory
bugs and thereby strengthen the control of aphids, despite the fact that the predato-
ry bugs also feed on the specialist aphid enemies. Hence, this study shows that
intraguild predation between natural enemies does not necessarily result in reduced
biological control, and it emphasizes the importance of evaluating the effects of gen-
eralist predators within food webs of pests and natural enemies.

I conclude that generalist predators can be very valuable for multiple pest control,
but that caution is needed because of potential negative effects of generalists on
pest control. Biological control in ecosystems with multiple pests and natural ene-
mies therefore requires a systems approach, taking into account the interactions
among organisms. Greenhouse experiments that evaluate multiple pest control with
diverse assemblages of natural enemies are not only needed to further develop bio-
logical control strategies, but also offer excellent opportunities to test ecological the-
ories on multispecies interactions.
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