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Positive and negative indirect
interactions between prey sharing
a predator population

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

Prey species can interact indirectly via a shared predator population and, depend-

ing on the time scale and the type of dynamics, these interactions can either be

negative or positive. For biological control of two pest species by a shared preda-

tor population, it is important to consider these indirect pest interactions, which

can either disrupt or enhance biological control. We studied the dynamics of two

major pest species on greenhouse cucumber: Western flower thrips, Frankliniella

occidentalis (Pergande) and greenhouse whitefly, Trialeurodes vaporariorum

(Westwood), both attacked by the predator species Amblyseius swirskii Athias-

Henriot. We investigated how the presence of whiteflies affect the biological con-

trol of thrips. Theory predicts that strong population fluctuations can result in long-

term positive effects between prey. In a first greenhouse experiment, strong popu-

lation cycling was induced by releasing high densities of the two pest species at

once. In a second experiment this cycling was prevented by releasing lower num-

bers of whiteflies during several weeks, resulting in a continuous presence of white-

fly eggs as food for the predatory mites. Populations fluctuations indeed resulted

in long-term positive interactions; a strong increase of the second whitefly genera-

tion significantly delayed the suppression of thrips. The reverse was found in the

second experiment: repeated releases of whiteflies had a negative effect on thrips

populations through a strong numerical response of the predators. Hence, this

study proves the potential for both positive and negative predator-mediated inter-

actions between prey, which calls for caution to the biological control of more than

one pest species by generalist predators. The results of this study may help us to

predict when and how alternative prey affect the dynamics between pests and nat-

ural enemies.

Submitted for publication

Generalist predators can cause indirect interactions among prey species that
might otherwise not interact (Holt & Lawton, 1994; Janssen et al., 1998; Harmon

& Andow, 2004; van Veen et al., 2006; Evans, 2008). If, for example, the density of
one prey species increases, the density of the shared predator also increases and
consequently, the second prey species might decrease in abundance. Holt (1977)
has called this interaction between prey apparent competition, because the dynam-
ics of the two species resemble that of species competing for resources, whereas in
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fact it is the shared predator that mediates this interaction. Apparent competition is
usually defined as a reciprocal negative prey interaction, but most empirical studies
show non-reciprocal indirect interactions between prey species (Chaneton & Bonsall,
2000). This means that only one of the two prey species is negatively affected by the
predator-mediated prey interaction. Originally, the theory of apparent competition
considered equilibrium densities. However, generalist predators can also cause
‘short-term’ apparent competition between prey species when predators aggregate
in habitat patches containing both prey, or when their feeding rate on one prey is
enhanced by the presence of another prey (Holt & Kotler, 1987).

The idea that herbivore species may affect each other through shared natural ene-
mies is in particular interesting for enhancing biological control (Janssen et al., 1998;
Harmon & Andow, 2004; van Veen et al., 2006). Several studies have indeed shown
that the control of a specific pest species can be enhanced by the presence of a sec-
ond prey through a numerical response of a shared natural enemy (Collyer, 1964;
Karban et al., 1994; Bonsall & Hassell, 1997; Hanna et al., 1997; Liu et al., 2006;
Messelink et al., 2008, 2010). However, theory predicts that the opposite of apparent
competition, apparent mutualism, may also occur (Holt, 1977; Abrams & Matsuda,
1996). This positive indirect effect of one prey population on the other may be detri-
mental for biological control. These interactions usually occur in the short-term, with-
in a single generation, through satiation or switching behaviour of the shared natural
enemy (Murdoch, 1969; Abrams & Matsuda, 1996). Many studies have shown
reduced predation rates on a target pest by the presence of alternative prey (short-
term apparent mutualism) (Koss & Snyder, 2004; Madsen et al., 2004; Symondson et
al., 2006; Xu et al., 2006; Desneux & O’Neil, 2008). In theory, both short- and long-
term effects of shared natural enemies can lead to apparent mutualism. Long-term
apparent mutualism may occur when population densities of one prey show cycles,
resulting in repeated satiation of the shared predators and repeated reduced preda-
tion on the other prey (Abrams et al., 1998; Brassil, 2006). However, empirical evi-
dence for this is limited (Tack et al., 2011).

In this study we investigate whether apparent mutualism occurs in an experimen-
tal system with two major pest species in greenhouse crops: Western flower thrips,
Frankliniella occidentalis (Pergande), greenhouse whitefly Trialeurodes vaporariorum
(Westwood) and their shared predator Amblyseius swirskii Athias-Henriot. This
predatory mite has proven to be an effective control agent for thrips (Messelink et al.,
2006; Arthurs et al., 2009) and whiteflies (Nomikou et al., 2001, 2002; Calvo et al.,
2009). We previously showed that apparent competition between thrips and white-
flies is mediated by their shared predator A. swirskii on cucumber plants, but posi-
tive indirect effects between the pests were not observed (Messelink et al., 2008).
Maybe the short generation time of predatory mites (approximately 10 days at 25°C)
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and the strong numerical response make it hard to observe such effects. One aspect
that could strengthen effects of apparent mutualism is the invulnerability of some
pest stages for predation, which may induce cycling dynamics. For both thrips and
whiteflies it is known that the larger juvenile stages and adults are invulnerable for
predation by the predatory mites (Bakker & Sabelis, 1989; Nomikou et al., 2004;
Wimmer et al., 2008). Hence, young stages that escape from predation due to pred-
ator satiation can easily reach adulthood and create a new generation of offspring,
which in turn increases risks on repeated predator satiation and releasing thrips and
whiteflies from control. The continuous presence of vulnerable pest stages may
counteract population cycling and prevent long-term apparent mutualism. To test
this hypothesis, two experiments were designed to see how population dynamics of
whiteflies affect the biological control of thrips. In a first greenhouse experiment,
strong population cycling was induced by releasing the two pest species at once in
high densities. In a second experiment, we tried to prevent this cycling by releasing
whiteflies during several weeks, resulting in a continuous presence of whitefly eggs
as food for the predatory mites. The results of this study may help us to predict when
and how alternative prey affect the dynamics between pests and natural enemies.

Materials and Methods
Cultures
The predatory mite A. swirskii was reared in the laboratory on a diet of cattail pollen
(Typha latifolia L.) on plastic arenas of a type described by Overmeer (1985) (experi-
ment with repeated release), or on Acarus farris (Oudemans) and wheat bran (exper-
iment with one release), a method described by Ramakers & van Lieburg (1982). Both
cultures were kept in a climate room, under 16 h of artificial illumination per day, at
22°C and 70% RH. Western flower thrips were reared on flowering chrysanthemum
plants (Dendranthema grandiflora Tzvelev, cv. Miramar) and the greenhouse whitefly
was reared on cucumber plants (Cucumis sativus L., cv. Shakira, powdery mildew
resistant) in separate small greenhouse compartments. Cucumber plants (cv.
Shakira) for both greenhouse experiments were grown in rockwool blocks. They were
sprayed once with the pesticide abamectine (Vertimec®, Syngenta).

Releases at once
The first greenhouse experiment was conducted to investigate whether strong
cycling dynamics of whiteflies can result in longer-term apparent mutualism between
thrips and whiteflies in presence of their shared predator A. swirskii on cucumber
plants. The experiment was carried out in six insect-proof greenhouse compartments
of 24 m2 each. Three compartments were treated with thrips plus predators and
three compartments with thrips and whiteflies plus predators. Each compartment
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contained four rows of plastic sleeved rockwool slabs on which 16 cucumber plants
of the sixth-leaf stage were planted. The roots of the plants were preventively treat-
ed against Pythium spp. with propamocarb (Previcur N®, Bayer Crop Science).
Plants were supplied with water and nutrients with drip irrigation and were allowed
to grow to a 2 m high wire to support the crop. Side-shoots were removed until the
top of the plant reached the crop supporting wire. From then on, two side shoots
were maintained per plant and the main shoot was pruned. Cucumber fruits were
harvested as soon as they reached the standard size. The total production of cucum-
bers and cucumbers with severe thrips damage was recorded per compartment dur-
ing the whole experiment. Thrips damage was considered severe when the fruit was
deformed as a result of thrips feeding or showed severe feeding punctures. Slight sil-
ver damage was not scored as this is less dramatic for fruit quality. The pest species
were released in the first week, shortly after planting. We tried to induce strong
cycling by releasing both pest species at once at high densities. Female thrips and
whitefly adults (47% females) were collected from the cultures with an aspirator and
introduced at densities of respectively 20 and 100 per plant. One week after these
pest introductions, female predatory mites were collected in the laboratory with a fine
paintbrush and placed on leaf discs of sweet pepper (Capsicum annuum L.) (2 cm
diameter) containing cattail pollen (Typha latifolia L.). One leaf disc with 15 mites was
introduced onto each cucumber plant on the 7th leaf from below. Predator and pest
densities were monitored during the eight following weeks through weekly collection
of six leaves per compartment. Leaves were picked alternating from one of the
shoots of two neighbouring cucumber plants that represented a replicate within a
compartment. From these plant shoots, we always collected the 8th leaf from the tip.
Each leaf was put in a separate plastic bag and transported to the laboratory, where
it was cut into strips of about 5 cm wide. The predatory mites and pests were count-
ed on both sides of the leaves using a stereo microscope (40×). Predatory mites were
regularly slide-mounted for species identification with the aid of a phase contrast
microscope (400×). Only the larval stages of thrips were counted, whereas eggs and
larvae of whiteflies were counted separately. The experiment started in April and last-
ed for 10 weeks. The average temperature and relative humidity during the experi-
ment was 22.9°C and 69%, respectively.

Repeated releases
The second greenhouse experiment was conducted to investigate whether long-term
apparent mutualism between thrips and whiteflies can be prevented by counteract-
ing cyclic dynamics through repeated whitefly releases. The experiment was carried
out in six of the same greenhouse compartments as described above. Again, we
planted 16 cucumber plants in each compartment and these were grown and fruits
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were harvested and assessed as described above. Three compartments were treat-
ed with thrips plus predators and three compartments with thrips and whiteflies plus
predators. Thrips adults were released in densities of 20 per plant in the first week as
above, but this time, whiteflies were released weekly at densities of 20 adults per
plant for a period of 5 weeks, starting in the first week (on average 65% females).
Predatory mites were again introduced in the second week as above, at densities op
15 female predatory mites per plant. Pest and predator population densities were
assessed as above. The experiment started in February and lasted for 11 weeks. The
average temperature and relative humidity during the experiment was 21.3°C and
73% respectively.

Statistical analysis
Differences in population dynamics of thrips and predatory mites among the treat-
ments were analysed in both experiments using linear mixed effects models with
time and compartment as random factors to correct for repeated measures and
pseudoreplication within compartments. Pest and predator densities were log(x+1)
transformed prior to these analyses. Fruit yield and fruit damage was also analysed
with linear mixed effects models with the log-transformed total number of fruits and
arcsine-transformed fractions of fruit with thrips damage. All statistical analyses were
performed using the statistical package GenStat Release 13.2 (Payne et al., 2010).

Results
Releases at once
Thrips densities strongly increased and subsequently decreased in both treatments,
but the overall thrips densities were significantly higher in the treatment with white-
flies (F1,4.3 = 21.83, p = 0.008) (FIGURE 4.1A). The delay in suppression of thrips in the
treatment with whiteflies compared to the treatment without whiteflies during week
number 5-6 corresponded with an increase of immature whiteflies in the whitefly
treatment (FIGURE 4.1B). This indicates that apparent mutualism was induced by the
reproduction of the second whitefly generation. The addition of whiteflies significant-
ly increased the predator densities compared to the treatment where thrips were the
only prey species present (F1,4.7 = 22.2, p = 0.006). The total fruit production did not
differ between the treatments (F1,4 = 0.95, p = 0.39), neither did the fractions of fruit
damaged by thrips (F1,4 = 0.4, p = 0.56) (TABLE 4.1).

Repeated releases
Differences in thrips densities between the two treatments seem to depend on the
time period, with a clear turning point between week number 5 and 6 (FIGURE 4.2A).
Thrips densities in the first 5 weeks were higher in the mixed pest treatment than in
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the treatment with only thrips, but the differences were not significant (F1,4 = 2.59, p
= 0.18). In the following weeks, thrips densities were significantly lower in the mixed
pest treatment than in the treatment with only thrips (F1,4 = 24.79, p = 0.008). Hence,

FFIIGGUURREE 44..11 – Population dynamics of thrips (A), whiteflies (B) and the predatory mite A. swirskii (C) on cucumber

plants in greenhouses with only thrips or thrips plus whiteflies. The pest species were released in the first week

and the predatory mites in the second week. Shown are average densities (± SE) of thrips larvae, whitefly eggs,

whitefly larvae and predatory mites (mobile stages) per leaf. Different letters indicate significant differences

between treatments across time (p<0.05).
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this shows a trend of positive prey-prey interaction in the first 5 weeks (apparent
mutualism) and a negative prey-prey interaction in the following weeks (apparent
competition). The released whiteflies established well and reached rather constant

FFIIGGUURREE 44..22 – Population dynamics of thrips (A), whiteflies (B) and the predatory mite A. swirskii (C) on cucumber

plants in greenhouses with only thrips or thrips plus whiteflies. Plants were infested with thrips in the first week

and with whiteflies weekly during the first 5 weeks. Shown are average densities (± SE) of thrips larvae, whitefly

eggs, whitefly larvae and predatory mites (mobile stages) per leaf. Different letters indicate significant differences

between treatments across time (p<0.05).
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population levels from week 3-7, but the population clearly peaked at the end of the
experiment (FIGURE 4.1B). The addition of whiteflies to thrips significantly increased
the predator densities (FIGURE 4.1C; F1,4 = 127.1, p<0.001). We did not find signifi-
cant differences in fruit production (F1,4 = 0.95, p = 0.39) or the fraction of damaged
fruits (F1,4 = 0.4, p = 0.56) between the two treatments (TABLE 4.1). Thus, although
whiteflies did affect thrips densities, this did not affect the overall fruit production and
fruit damage.

Discussion
The results of our study support the theory that both positive and negative interac-
tions can occur between prey species that share a natural enemy population. So far,
many studies demonstrated effects of apparent competition, but studies showing
longer-term apparent mutualism are scarce (Chaneton & Bonsall, 2000). This study is
unique in showing that both effects can occur in one experimental system. Short-
term apparent mutualism, which occurs within a generation, has typically been
shown in studies for predators with a relatively long generation time, such as cara-
bid beetles (Koss & Snyder, 2004; Symondson et al., 2006). In our study system, both
the predators and prey species went through several generations. The predatory mite
used here has a short generation time: approximately 7 days from egg to adult on a
mixed diet of thrips and whiteflies at 25°C (Messelink et al., 2008). Hence, the pred-
ators could probably produce 7-8 generations during the experiments. Thrips can
produce one generation on cucumber leaves in 14 days at 25°C (van Rijn et al.,
1995). Whiteflies have a relatively long generation time of 23 days at 24°C (van
Merendonk & van Lenteren, 1978). Based on the average greenhouse temperatures
in our experiments, we can assume that thrips went through at least three genera-
tions and whiteflies through two generations during the experiments. Thus, the
delayed thrips control in presence of whiteflies in the single release experiment can
indeed be labelled as long-term apparent mutualism, as these dynamics coincided
with a strong increase of the second whitefly generation. These results confirm the
theory that strong population fluctuations can result in long-term apparent mutualism
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TTAABBLLEE 44..11 – Mean (± SE; n = 16 plants) fruit production and fruit damage by thrips (curved or punctured fruit) dur-

ing two greenhouse experiments lasting for 10 and 11 weeks. Fruit production did not differ significantly among

treatments within each experiment. 

Experiment Treatment Number of fruits Damaged by thrips 
(16 plants) (%)

Releases at once Thrips 365 ± 16.3 26.2 ± 2.7
Thrips + whiteflies 347 ± 16.7 26.0 ± 2.4

Repeated releases Thrips 326 ± 19.7 1.10 ± 0.21
Thrips + whiteflies 347 ± 10.1 1.25 ± 0.10
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(Abrams et al., 1998). The positive effect of whiteflies on thrips observed here was
probably not caused by the predatory mites switching to the more abundant white-
flies. The predatory mites have no preference for either of the two prey species
(Messelink et al., 2008), and the two prey have overlapping distributions on the plant,
hence, predators encounter them simultaneously. The main reason of the observed
delay in thrips suppression is probably mainly caused by the sudden surplus of food
by the large second generation of whiteflies, which satiated the predator population.
Although the densities of thrips and whiteflies in our experiments did show fluctua-
tions, the dynamics of thrips, whiteflies and predators is stabilized by the presence
of invulnerable prey stages (Murdoch et al., 1987; van Rijn et al., 2002). Indeed, when
such invulnerable stages are added to the model studied by Abrams et al. (1998),
fluctuations dampen out rapidly, and only apparent competition is observed (results
not shown). We suspect that the positive effects between prey populations observed
here is caused by a combination of predator satiation, invulnerable prey stages, and
developmental time lags in the prey and predator populations, which in itself causes
cycles in population dynamics (Abrams et al., 1998). In this way, adding high densi-
ties of whiteflies resulted in satiation of the predator population, resulting in thrips
and whiteflies escaping from predation, which subsequently resulted in an increased
next generation of thrips and whiteflies later-on, which again resulted in predator
satiation. Preliminary work with a parameter-rich simulation model of thrips and pred-
ators (van Rijn et al., 2002) confirms this, but this topic clearly deserves further study.

We hypothesized that strong population fluctuations might be prevented by
repeated whitefly releases. This could facilitate the predatory mites through a pro-
longed supply of whitefly eggs, which are the most suitable prey stages for the
predatory mites (Nomikou et al., 2004). The greenhouse experiment with repeated
releases of whiteflies indeed showed a negative effect of the presence of whiteflies
on thrips populations, and this negative prey interaction can be labelled as apparent
competition. The repeated releases of whiteflies resulted in a rapid population
increase of the predators, which was apparently high enough to suppress the sec-
ond whitefly generations and prevent long-term apparent mutualism. A striking dif-
ference between the two experiments is the difference in pest and predator densi-
ties. The higher average temperatures and light intensity in the single release exper-
iment clearly favoured population increases.

An aspect of apparent competition that has been ignored so far is the effect of a
mixed diet on predator populations. Different prey can have complementary nutri-
tional values (Wallin et al., 1992; Toft, 1995; Toft & Wise, 1999; Harwood et al., 2009),
thus, the presence of several prey species can increase predator populations due to
the higher quality of a mixed diet as well as due to the increased availability of food.
This effect of a mixed diet was recently shown for our system: juvenile A. swirskii
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developed significantly faster on a diet of thrips and whiteflies than on either prey
species separately (Messelink et al., 2008). The same study showed that juvenile sur-
vival and development of A. swirskii on thrips alone was significantly higher than on
a diet of whiteflies alone. The results of this study confirm these findings. Population
densities of A. swirskii were much higher with both pest species present than when
only thrips were present; up to 21× higher in the single-release experiment and up to
38× higher in the repeated-release experiment.

We studied and discussed predator-mediated interactions between prey, but obvi-
ously, our experiments also might include other interactions that we did not observe.
Pest species might for example also interact indirectly via the plant they share.
Especially whiteflies are known to induce plant resistance (Inbar & Gerling, 2008).
Such interactions might have played a role in our experiments as well, but this was
beyond the scope of our study. Also resource competition between thrips and white-
flies cannot be excluded because we did not include control treatments without
predators. However, such competition is not likely because we did our experiments
on full-grown plants which had relatively large leaf surfaces, hence, there was
enough food for both prey species.

The results of this study are important for crop protection. They confirm our earli-
er studies, where we show 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). However, this study shows the risks of pests escaping temporary
from control by satiation effects of the predator population. Such effects might, for
example, occur when pests species migrate from old plants to young plants when a
new cropping cycle is started. As only the adults migrate (flying), this may induce
strong cycling and generate long-term apparent mutualism, as shown in this study.
The risks of such whitefly population peaks and subsequent effects on predator sati-
ation can possibly be prevented by releases of natural enemies that attack older
whitefly stages that are less vulnerable for predation by A. swirskii, such as the par-
asitoid Encarsia formosa (Gahan). Although this study demonstrated significant dif-
ferences in thrips control, this did not result in significant differences in fruit damage.
Other studies showed a clear linear relationship between thrips densities and fruit
damage (Shipp et al., 2000), but the differences in thrips densities in this study were
possibly not high enough to give such effects.

In summary, we have demonstrated that indirect interactions between prey shar-
ing a predator population can either be negative or positive, depending on the time-
scale and type of dynamics. Predatory mites showed to be excellent model organ-
isms for detecting such interactions within the time-scale of one cropping cycle,
because of their short generation time and strong numerical response. Furthermore,
we provide additional evidence for the positive effects of mixtures of prey for preda-
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tor development (see also Messelink et al., 2008). Hence, we suggest that the numer-
ical response of predators to prey mixtures deserves more attention when studying
indirect prey interactions within ecosystems, e.g., for further developing pest control
strategies in agro-ecosystems.
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