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Prey temporarily escape from
predation in the presence of a
second prey species

R. van Maanen, G.J. Messelink, R. van Holstein-Saj, M.W. Sabelis & A. Janssen

In systems consisting of two prey and a shared predator, indirect interactions medi-
ated by the predator such as apparent competition and apparent mutualism can
play an important role. Depending on the time scale, these indirect interactions
may result in positive (apparent mutualism) or negative effects (apparent competi-
tion) of the prey on each other’s densities. The effectiveness of using one species
of predator as biological control agent against more than one pest is therefore dif-
ficult to predict. Using an experimental system consisting of the two pest species
Western flower thrips and greenhouse whitefly and the shared predatory mite
Amblyseius swirskii, we found evidence for a short-term escape of thrips from con-
trol when whiteflies were present, thus confirming the occurrence of apparent
mutualism. More thrips larvae escaped because the predators dispersed slower in
compartments with two pests. After six weeks, this effect was overruled by a high-
er total number of predators in greenhouses with both prey species due to posi-
tive effects of a mixed diet on the predator population growth rate. This shows that,
despite the occurrence of apparent mutualism, the population dynamics of thrips
and predatory mites were characterized by apparent competition after a few gen-
erations. Moreover, the average cucumber yield did not differ between compart-
ments with or without a second pest present. Successful biological control of thrips
was achieved, despite their temporarily higher numbers.

Submitted

In systems consisting of two herbivores and a shared predator, possible predator-
mediated interactions are apparent competition and apparent mutualism (Morris et al.

2004). Theory predicts that adding a population of a new prey species to a system con-
sisting of one predator and one prey results in a lower equilibrium density of the resi-
dent prey, even when the two prey species do not compete for resources (so-called
apparent competition; Holt 1977, 1984, Janssen et al. 1998, Morris et al. 2004). This is
because the equilibrium density of the shared predator increases with the increased
equilibrium density of the added prey species. This interaction can even lead to exclu-
sion of the resident prey species (Holt 1977, Bonsall and Hassell 1997). In predator-prey
systems with non-equilibrium dynamics, two prey species that share a predator may
also positively affect each others’ densities because an increase in the numbers of one
species may lead to predator satiation, resulting in decreased predation on the other
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species (so-called ‘apparent mutualism’; Holt and Lawton 1994, Abrams and Matsuda
1996, Holt 1997). Predator satiation, however, only occurs on a short time scale,
because the higher availability of prey will result in a higher numerical response over
subsequent predator generations (Holt and Kotler 1987). Long-term apparent mutual-
ism may occur when population densities of one prey show cycles, resulting in repeat-
ed satiation of the shared predators and repeated reduced predation on the other prey
(Abrams et al. 1998, Brassil 2006). Whereas there is much evidence for apparent com-
petition, proof for apparent mutualism is scarce (Chaneton and Bonsall 2000).
We studied the occurrence of apparent mutualism in a system consisting of two pests
and a shared predator. Biological control systems, especially in greenhouses, offer an
ideal opportunity to assemble communities, in which relatively simple food webs can
be studied experimentally. Biological control traditionally used a single natural enemy
for each pest species, whereas more recently, growers use one species of natural
enemy against several pest species (Rosenheim et al. 1995, Janssen et al. 1998, Sih
et al. 1998, Brodeur and Boivin 2006, Messelink et al. 2008), making predictions from
models on apparent competition and apparent mutualism relevant for improving bio-
logical control (Janssen et al. 1998, Harmon and Andow 2004, van Veen et al. 2006).
Several studies have demonstrated that the control of a pest species can be
improved by the positive effect of another pest species or alternative food on preda-
tor density (Karban et al. 1994, Bonsall and Hassell 1997, Hanna et al. 1997, van Rijn
et al. 2002, Liu et al. 2006, Messelink et al. 2008, 2010), whereas short-term disrup-
tion of biological control through predator satiation has also been demonstrated
(Koss and Snyder 2005, Symondson et al. 2006, Xu et al. 2006, Desneux and O’Neil
2008). In most of these latter studies apparent mutualism occurred within a single
predator generation, through satiation or switching behaviour of the shared natural
enemy (Murdoch 1969, Abrams and Matsuda 1996). In theory, both short- and longer-
term effects of shared natural enemies can lead to apparent mutualism (Holt and
Lawton 1994), but empirical evidence for this is limited (Tack et al. 2011).
We conducted an experiment to investigate whether pest species can escape from
control due to satiation of a predator, and how this is affected by the presence of a
second pest species. We used a system consisting of the generalist predatory mite
Amblyseius swirskii Athias-Henriot (Acari: Phytoseiidae) and two pest species, the
greenhouse whitefly (Trialeurodes vaporariorum (Westwood)) and the Western flower
thrips (Frankliniella occidentalis (Pergande)). These two herbivores are important pests
in greenhouses in Western Europe and frequently invade the same greenhouses
(Messelink et al. 2010), where they cause damage to crops such as cucumber, toma-
to and sweet pepper. The whitefly crawlers and adults cause direct crop damage by
inserting their stylet into leaf veins and extracting phloem sap and indirect damage by
decreased photosynthesis as a result of sooty mould (Vet et al. 1980, Lei et al. 1996).

36

CHAPTER 3 | TEMPORARY ESCAPE FROM PREDATION

Roos-chap3.qxd  27-11-2011  1:02  Page 36



Thrips feeding on immature cucumber fruits causes silvery scarring, or even malfor-
mation of the fruit. As a result, fruits may be downgraded because of quality loss of
their appearance, thereby reducing the market price significantly. A. swirskii occurs in
the wild in Mediterranean countries, and is well adapted to warm and humid climate
conditions. This predatory mite has proven to be an effective control agent for thrips
(Messelink et al. 2006), whiteflies (Nomikou et al. 2001, 2002, 2010) and both thrips
and whiteflies at the same time (Messelink et al. 2008, 2010).
In our experiments we introduced large numbers of pests and predators in order to
detect, a possible escape of a pest species in time due to predator satiation (appar-
ent mutualism). The pest species were released all on one plant in order to investi-
gate whether predatory mites and thrips dispersed differently in the presence of
whiteflies. This would offer the prey with the highest dispersal rate the possibility to
escape to plants further away, while the predator population would lag behind and
interact with the pest that disperses less far.

Materials and Methods
Cucumber plants (cv. Aviance RZ) were grown in rock wool blocks in a greenhouse
compartment without applying pesticides. The predatory mite was reared on pollen,
amply produced by flowering Ricinis communis L. plants in small greenhouses (6 !
6 m). Western flower thrips were reared on flowering chrysanthemum plants
(Dendranthema grandiflora Tzvelev, cv. Miramar) and greenhouse whiteflies were
reared on tobacco plants (Nicotiana tabacum L.). The greenhouse experiment was
carried out at Wageningen UR Greenhouse Horticulture, Naaldwijk, The Netherlands.
The experiment started in week 37 in 2006 and lasted until week 48, corresponding
to the length of a crop cycle of greenhouse cucumber plants. Plants were at the fifth-
leaf stage when the experiments started. Before planting, roots were preventively
treated with propamocarb (Previcur N®, Bayer Crop Science) against Pythium spp.
Rock wool slabs in which the plants rooted were supplied with a nutrient solution
through drip irrigation. Plants were cultivated vertically up to a 2 m high crop-sup-
porting wire. Side-shoots were removed until the top of the plant reached the wire.
Thereafter, side-shoots were allowed to grow down over the wire. The main stem of
the plants was trained using a white polyethylene string that was suspended from the
crop supporting wire (Messelink et al. 2008).
We used two compartments (9.6 ! 7.9 m), each containing one replicate with twelve
sub-replicates represented by 12 rows, each with ten cucumber plants (Figure 3.1). In
both compartments, the two pests were released in the first week after planting and
predatory mites were released three days later. In each compartment, 720 adult female
thrips (collected from the culture using a aspirator) and 360 (male + female) whitefly
adults were released on every second plant of row 1-6 and on the ninth plant of row 7-
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12 (hereafter termed release-plants) (Figure 3.1). Three days later, 135 female predatory
mites were released in both compartments on the same plants as where pests had been
released before. Female predatory mites were sampled in the laboratory using a fine
paintbrush and placed on leaf discs of sweet pepper (Capsicum annuum L.) (diameter
2 cm) containing cattail pollen (Typha latifolia L.). Nine leaf discs with 15 mites per leaf
disc were introduced on each cucumber plant. As a control, we used three compart-
ments of the same size and the same number of cucumber plants, in which we released
only 720 adult female thrips and, three days later, 135 female predatory mites.
The experiment was divided into two periods, in which we used different methods to
assess presence of insects and mites. Two days after releasing all insects and mites,
three flowers and three top leaves of each plant were checked for the presence of
adult thrips and whiteflies, and once per week, we examined six randomly chosen
leaves per plant for female adult predatory mites with a magnifying glass. We start-
ed inspecting the release plant and subsequently every following plant until we failed
to find any mites on two consecutive plants. In the second period, from week 4-10,
two leaves of previously designated plants were collected and the number of preda-
tors and pests on these plants were assessed every two weeks. Designated plants
were marked ‘close’, ‘middle, and ‘far’ (Figure 3.1). Plants marked as ‘close’ were
next to the so-called release plant. Plants marked as ‘middle’ were four plants away
from the release plant and the plants marked ‘far’ were seven plants away (Figure
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FFiigguurree  33..11 Map of the greenhouse compartment with 12 rows of 10 cucumber plants. Every square represents
one plant. Black squares represent the plants where predator and pests were released. Gray squares represent
the plants that were sampled. Plants marked as ‘close’ were next to the so-called release plant. Plants marked
as ‘middle’ were four plants away from the release plant and the plants marked ‘far’ were seven plants away.
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3.1). The sixth and eighth leaf from the tip of a randomly chosen shoot were collect-
ed. The leaves were each put in a separate bag and transported to the laboratory,
where they were cut into strips of 5 cm (Messelink et al. 2008). The number of mites
and thrips were counted on both sides of the strips using a binocular microscope
(40!). The average temperature and relative humidity were comparable among com-
partments. After six weeks, cucumbers were harvested three times a week and cat-
egorized in three different groups; (I) no damage, (II) little thrips damage (silver dam-
age) or (III) severe thrips damage (malformed).
Differences in distances that predatory mites dispersed during the first three weeks
were subject to a Kruskal-Wallis ANOVA because data were not normally distributed,
also not after transformations. Differences in numbers of thrips larvae and adult
female mites between treatments were analysed with a linear mixed effect model on
log(y+1) transformed data. For thrips larvae, data from week 8 onwards were exclud-
ed from the analysis because of the absence of thrips in many replicates. In order to
find differences in spatial distribution of mites and thrips between treatments, we ana-
lyzed proportions of thrips larvae and female mites on plants close by, in the middle
and far from the release plant. Although data were repeated measures in time, we
could not analyse them with an appropriate repeated measures model (generalized
linear mixed effects model) because the residuals were not adequately distributed. We
therefore performed a generalized linear model with quasi-binomially distributed
errors for each time step separately. Differences in yield (weight of cucumbers with no
damage) per treatment were analysed with generalized linear mixed effects model.

Results
Two days after releasing thrips and whitefly adults, they were found on 100 and 87%
of all plants, respectively. There was no difference in maximum distance reached by
the predatory mites during the first two weeks of the experiment, but after three
weeks, predatory mites dispersed over significantly longer distances when one
instead of two prey species was present (Figure 3.2). Through time, numbers of thrips
larvae were significantly higher when whiteflies were present instead of when there
were no whiteflies present (Figure 3.3). Although most thrips larvae were found ‘far’
from release plants (Figure 3.3), there was no significant difference in the proportion
of thrips larvae at plants close by, in the middle or far from the release plants (Figure
3.3). Through time, numbers of predatory mites were significantly higher when two
instead of one pest species was present (Figure 3.4). Only after eight weeks, the frac-
tion of mites ‘close’ to the release-plants differed significantly between treatments
(Figure 3.4). This suggests that the spatial distribution of mites was not affected
much by the presence of whiteflies. The average production of undamaged fruits,
suitable for selling, did not differ between treatments (F1,3 = 4.37, P = 0.13).
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FFiigguurree  33..33 Numbers of thrips larvae per compartment either with one prey (thrips, three replicates, shaded bars)
or with two prey species (thrips plus whitefly, two replicates, hatched bars) through time since predator release.
Bars give average numbers of thrips larvae per row of plants, error bars are SEM. Each bar is subdivided into the
numbers found on plants close by the release plant (lower section), in the middle (middle section) and at the end
of the row (top section). Significantly more thrips larvae were found in the presence of both pests than with one
pest (F1,18 = 8.78, P = 0.008). Although most thrips were found ‘far’ from release plants (F1,18 = 5.31, P = 0.033),
there was no significant difference in the proportion of thrips larvae at plants close by, in the middle or far from
the release plants (all F1,38<1.15 and all P>0.29).
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FFiigguurree  33..22 Dispersal of predators through the plant rows during the first 3 weeks after release. Shown are the
plants most distant from the release plants on which Amblyseius swirskii was present after 1, 2 and 3 weeks fol-
lowing predator release, averaged (+ SEM) per row (Figure 3.1). Thrips (F. occidentalis) were released earlier on
the same plants, either with (two pests) or without greenhouse whiteflies (T. vaporariorum) (one pest). Asterisks
indicate a significant difference (P<0.005) in maximum distance reached in the presence or absence of whiteflies
(Kruskal-Wallis ANOVA week 1: !2 = 1.53, df = 1, P = 0.22; week 2: !2 = 0.597, df = 1, P = 0.44; week 3: !2 =
7.28, df = 1, P = 0.007).

0

1

2

3

4

5

6

7

8

1 2 3

Time [weeks]

Di
sp

er
sio

n 
(d

ist
an

ce
 fr

om
 re

le
as

e 
pl

an
ts

)

Two pests
One pest

**

ns

ns

Roos-chap3.qxd  4-12-2011  11:19  Page 40



Discussion
Significantly higher numbers of thrips were found when whiteflies were present than
when no whiteflies were present, confirming the occurrence of apparent mutualism.
These results support the theory that two prey species that share a predator may affect
each others’ densities positively. The mechanism that causes this indirect positive
effect in population dynamical models is predator satiation through an increase in the
numbers of one of the prey species (Holt and Lawton 1994, Abrams and Matsuda
1996, Holt 1997). We did not measure predator satiation levels, hence we cannot con-
firm the importance of this mechanism, but think it is a likely explanation.
Although densities of thrips were initially higher in the presence of whiteflies, (tempo-
rary escape), after three weeks the number of predators was equally high in compart-
ments with only thrips and with thrips and whiteflies together. After ca. six weeks, the
density of the shared predator reached much higher levels in the presence of two
instead of one pest species (Figure 3.4). Higher density levels in presence of two pest
species was shown earlier by Messelink and co-authors (2008). They showed that a
mixed diet of whiteflies and thrips results in higher growth rates of the predator pop-
ulations through an increase in juvenile survival and developmental rate of A. swirskii
(Messelink et al. 2008).

41

TEMPORARY ESCAPE FROM PREDATION | CHAPTER 3

FFiigguurree  33..44 Numbers of mites per compartment either with one prey (thrips, three replicates, shaded bars) or with
two prey species (thrips plus whitefly, two replicates, hatched bars) through time since predator release. Bars give
average numbers of predatory mites per row of plants, error bars are SEM. Each bar is subdivided into the num-
bers found on plants close by the release plant (lower section), in the middle (middle section) and at the end of
the row (top section). Significantly more predatory mites were present in compartments with two pest species
than with only one pest present (F1,18 = 51.01, P<0.0001). After eight weeks, the fraction on mites ‘close’ by the
release-plants differed significantly between treatments (F1,18 = 7.833, P = 0.012).
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Although we found differences in numbers of prey and predators between treatments,
there was limited (in the case of predators) or no (in the case of thrips) evidence for
different spatial distributions between treatments after four weeks. However, we did
find differences in the maximum distance dispersed by predators after three weeks.
We therefore suggest that thrips larvae had a small window of opportunity to escape,
because the predators dispersed slower in the presence of two pests than with one
pest. Predators might have had longer residence times in the presence of two prey
species because there was a higher overall density of prey. Several studies have
shown that the dispersal rate of phytoseiid mites decreases with an increase in prey
densities (Croft 1995, Zemek and Nachman 1998). Adult thrips and whiteflies disperse
relatively fast compared to predatory mites; two days after releasing pests and pred-
ators, we found thrips in flowers of all 120 cucumber plants per compartment and
whitefly adults in approximately 104 plants, whereas mites were more or less evenly
distributed over all plants per compartment after eight weeks. The results confirm our
earlier studies in that the presence of more than one pest species can enhance pest
control by the numerical response of the predatory mites (Messelink et al. 2008, 2010).
Towards the end of the experiment, low numbers of thrips were found in all compart-
ments and there was no difference in the number of fruits with thrips damage and the
average cucumber yield did not differ between compartments with or without a sec-
ond pest present. Hence, successful biological control was achieved, despite the
early temporary escape of thrips leading to higher thrips numbers.
The predatory mite used here has a short generation time: ca. seven days from egg
to adult on a mixed diet of thrips and whiteflies at 25 °C (Messelink et al. 2008).
Hence, the predators could probably produce 7-8 generations during the experi-
ments. In our study system, both the predators and the prey species went through
several generations before the initial effects of apparent mutualism were overruled by
those of apparent competition. Thus, the theoretical prediction that long-term
dynamics will be characterized by apparent competition and not by apparent mutu-
alism (Holt and Kotler 1987) was confirmed.
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