
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

One predator - two prey systems: Individual behaviour and population dynamics

van Maanen, R.

Publication date
2012

Link to publication

Citation for published version (APA):
van Maanen, R. (2012). One predator - two prey systems: Individual behaviour and
population dynamics. [Thesis, fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:27 May 2023

https://dare.uva.nl/personal/pure/en/publications/one-predator--two-prey-systems-individual-behaviour-and-population-dynamics(c5bf2de4-1b57-47b1-b5ed-321ea76624b1).html


91

Summary

In this thesis, I study the interactions among prey that share a predator. In such sys-
tems, indirect interactions mediated by the shared predator can occur between

pest species, such as apparent competition and apparent mutualism. Theory pre-
dicts that adding a population of a new prey species to a system consisting of one
predator and one prey results in a lower equilibrium density of the resident prey, even
when the two prey species do not compete for resources. This is because the equi-
librium density of the shared predator increases with the increased equilibrium den-
sity of the added prey species. This interaction can even lead to exclusion of the res-
ident prey species. In the short term, before reaching equilibrium, two prey species
that share a predator may also affect each others’ densities positively because an
increase in the numbers of one species may lead to predator satiation, resulting in
decreased predation on the other species (so-called apparent mutualism). In biolog-
ical control systems, apparent competition is desired because it brings pest levels
down; apparent mutualism is not, because it does the opposite. Moreover, biological
control systems, especially those in greenhouses, consist of relatively simple food
webs that are open to manipulation of the species composition, and therefore offer
an ideal opportunity to study interactions among prey species. I used a system con-
sisting of a biological control agent, the generalist predatory mite Amblyseius
swirskii, and several pest species (greenhouse whitefly, Western flower thrips and
two-spotted spider mites) and cucumber plants. I investigated direct interactions
between herbivores and indirect interactions via a shared predator to gain insight into
the dynamics of the prey species. In particular, I studied whether these dynamics can
be characterized as positive or negative indirect interactions among the pest
species, i.e. whether shared predation is positive or negative for biological control. I
also studied the effects of behaviour of predator and prey on these interactions. For
example a generalist predator might have a preference for one prey species and the
other prey species may therefore temporarily escape predation, which can lead to
apparent mutualism. Another example is that mixed diets are known to have positive
effects on reproduction in some predator species and the effect of adding a new
species to a system consisting of one prey species and one predator species would
then surpass that of simply adding more prey items. A mixed diet can result in a high-
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er growth rate of the predator population, resulting in the reduction of the prey
species population (apparent competition).
In Chapter 2, I report that the densities of a shared predator reach much higher lev-
els in the presence of two prey species than with either prey species alone, and that
this occurs within a time span of eight weeks. This results in lower densities of one
of the two prey species, whereas the densities of the other prey were low, independ-
ent of the presence of the alternative prey. This predator-mediated interaction can be
classified as apparent competition. Hence, the control of whiteflies was improved by
the presence of thrips, whereas thrips were adequately controlled in the presence as
well as in the absence of whiteflies.
Laboratory experiments with A. swirskii (Chapter 2) suggested that the higher pred-
ator densities observed in the greenhouse were partly due to a higher juvenile sur-
vival and developmental rate on a mixed diet. Whereas thrips were a superior food
source for A. swirskii than whiteflies, a mixture of the two is even better.
In Chapter 3, I show that two prey species that share a predator may also affect each
others’ densities positively. Such, short-term apparent mutualism is undesired for
biological control. In the system studied here, both the predators and prey species
went through several generations before positive indirect effects between the pests
were overruled by negative effects (apparent competition). In Chapter 4, I studied
whether the high predator densities resulting from a mixed diet affected pest popu-
lations on which the predators have a small per capita effect. Besides the Western
flower thrips and greenhouse whitefly, a marginally suitable prey, the two-spotted
spider mite (Tetranychus urticae Koch) was included in the investigation. Lower lev-
els of spider mite damage were found in the presence of the other two pest species,
which probably resulted from a strong numerical response of the predator (up to 50
times higher densities) on thrips and whiteflies. This shows that apparent competi-
tion effects can also affect species that are not considered suitable for the predator.
It also shows that diversity of pest species can enhance biological control through
increased predator densities.
The increased control reported in Chapters 2, 3 and 4 are, thus, not only caused by
the increased presence of prey for the predators, but also through a positive effect of
mixed diets on predator population growth. A slightly different and so far underex-
posed advantage of a mixed diet for generalist predators is that predators can reach
higher predation rates on a superior prey species. This is because many prey species
are able to recognize chemical cues associated with the presence of predators and
these cues usually induce anti-predator behaviour in the prey, such as counterattack-
ing, hiding, remaining motionless or aggregating. To tune this behaviour to the current
danger, prey need to assess predation risk. Many prey species can distinguish chem-
ical cues from predators that fed on conspecific prey from those that fed on het-
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erospecific prey, and react stronger to the first. The explanation for this is that pred-
ators that fed on conspecific prey pose a larger threat than predators feeding on other
prey. However, the predator side of this story has been underexposed: if diet-related
chemical cues enable prey to discriminate between harmless and dangerous preda-
tors, predators might be able to ‘chemically disguise’ themselves by eating different
species alternatingly thereby reducing antipredator behaviour and increasing preda-
tion rates. In Chapter 6, I studied whether generalist predators indeed have an
increased chance to capture a given prey species when they are contaminated with
chemical cues from another prey species. I marked predatory mites with cues of
either whiteflies or thrips, and subsequently offered the predators the same or the
other prey species. Predators marked with thrips cues were found to kill significantly
fewer thrips larvae than predators marked with whitefly cues, even though the preda-
tor’s tendency to attack was the same. In addition, more thrips larvae sought refuge
in the presence of a predatory mite marked with thrips cues than when marked with
whitefly cues. I suggest that the predator A. swirskii can indeed increase her preda-
tion rate on the superior prey (thrips) by selecting a mixed diet.
In conclusion, the results show that the densities of a shared predator reached much
higher levels in the presence of two prey species than with either prey species alone.
This can partly be explained by an increased developmental rate and juvenile survival
of the predator on a mixed diet. Another explanation might be that predators can
reach higher predation rates on a superior prey species by masking themselves by
alternatingly feeding on the inferior and the superior prey species.
With respect to biological control, I show that the use of one species of natural
enemy against several pests can result in reduced control in the short-term, but
increased control in the long-term. In general, biological control strategies might be
improved by using generalist predators that can feed and reproduce on several pest
species.
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