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Predators disguised with chemical cues
from one prey species have improved
attack success on another prey
R. van Maanen, G. Broufas, P. de Jong, E. Aguilar-Fenollosa, M.W. Sabelis & A. Janssen

In the presence of predators, prey alter their behaviour in order to reduce the risk
of being eaten. To tune this behaviour to the current danger, prey need to assess
the risks based on the available information. Chemical cues associated with pred-
ators may be helpful indicators. Many prey species can distinguish chemical cues
from predators that fed on conspecific prey from those that fed on heterospecific
prey, and react stronger to the first. We therefore hypothesize that generalist pred-
ators have an increased chance to capture a given prey species when they con-
taminated with chemical cues from another prey species. We tested this hypothe-
sis using a generalist predatory mite that feeds on thrips larvae as well as on white-
fly eggs and crawlers. Predatory mites were marked with cues (i.e. body fluids) of
one of these two prey species and were subsequently offered the same or the
other prey species. We found that predators marked with thrips cues killed signif-
icantly fewer thrips than predators marked with whitefly cues, even though the
predator’s tendency to attack was the same. In addition, we show that more thrips
seek refuge in the presence of a predatory mite marked with thrips cues than when
marked with whitefly cues or other cues serving as controls.. Thus, generalist pred-
ators may experience improved attack success in mixtures of prey species.

Submitted

Many prey species are able to recognize chemical cues associated with the pres-
ence of predators (e.g. reviews by Chivers and Smith 1998, Kats and Dill 1998,

Dicke and Grostal 2001). These cues usually induce anti-predator behaviour in the
prey, such as fleeing, hiding, remaining motionless or aggregating (Lima and Dill
1990). Because not all predators are equally dangerous and do not forage in the
same way, this behaviour has to be tuned to the current danger. Therefore, prey need
to discriminate between various predator species and assess the risks based on the
available information (Sih 1987, Lima and Dill 1990, Chivers and Smith 1998, Venzon
et al. 2000). Specialist predators that attack only a particular prey should be avoided
by this prey. However, prey may perceive generalist predators as harmless when the
predators have switched from feeding on conspecific prey to another prey species
(Venzon et al. 2000). For example, in many aquatic systems, prey can distinguish
chemical cues from predators that fed on conspecific prey from those of predators
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that fed on heterospecific prey, and react stronger to the first (Wilson and Lefcort
1993, Chivers et al. 1996, Laurila et al. 1997). In terrestrial systems there are few
examples of prey responding more strongly to volatiles associated with predators
that fed on conspecific prey than to volatiles from predators that have fed on other
prey (Venzon et al. 2000, Persons et al. 2001, Meng et al. 2006).
Interestingly, until now only three papers highlighted the idea that 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
prey species alternatingly (Venzon et al. 2000, Lima et al. 2003, Stabell et al. 2003),
thereby reducing antipredator behaviour and increasing predation rates. To the best
of our knowledge, our study is the first to experimentally assess whether generalist
predators have increased success in seizing a prey when they are marked with cues
of a prey distantly related to the target prey.
We used a system consisting of the generalist predatory mite Amblyseius swirskii
Athias-Henriot (Acari: Phytoseiidae) and two of its prey species; the western flower
thrips Frankliniella occidentalis (Pergande) and the greenhouse whitefly Trialeurodes
vaporariorum (Westwood) (Nomikou et al. 2001, Messelink et al. 2008). In earlier
experiments, we found that juvenile survival and the developmental rate of A. swirskii
was highest on a mixed diet of thrips and whiteflies, intermediate on a diet of thrips
larvae, and lowest on a diet of whitefly eggs (Messelink et al. 2008). Therefore, we
consider thrips as a prey of higher quality than whiteflies.
Juvenile thrips are able to defend themselves in various ways, for example, by count-
er-attacking vulnerable stages of the predator (Janssen et al. 2002), and by swinging
their abdomen at the attacking predator (Bakker and Sabelis 1987, 1989), which is
sometimes accompanied by the secretion of an anal droplet. These droplets contain
a mixture of decyl acetate and dodecyl acetate, which acts as an alarm pheromone
for conspecific thrips (Teerling et al. 1993a,b, de Bruijn et al. 2006). When predators
are contaminated with such droplets, they often cease attack and start cleaning
themselves (Bakker and Sabelis 1987, 1989). Thrips can also seek refuge in the web
produced by spider mites (Tetranychus urticae Koch) (Pallini et al. 1998, Venzon et al.
2000), another herbivore species, often found on the same plants as thrips. Thrips
larvae prefer clean plant parts without web, but move into the web upon perceiving
volatile cues associated with predators (Pallini et al. 1998). This behaviour leads to a
reduction of predation risk, but also to a reduced juvenile developmental rate due to
competition with spider mites (Pallini et al. 1998). Juvenile whitefly stages are not
able to actively defend themselves.
We hypothesize that predatory mites that are marked with cues of thrips larvae have
decreased predation success on thrips larvae compared to predators marked with
cues from whitefly crawlers. Decreased predation success might be due to changes
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in the foraging behaviour of the predator or changes in anti-predator behaviour of the
prey. We performed a second experiment in which we quantified one type of
antipredator behaviour of thrips larvae, i.e. the refuge seeking in the web of spider
mites, as this is easier to interpret than abdominal swings with the associated pro-
duction of anal droplets, which do not only serve as defence, but also for communi-
cation with other thrips larvae (PJA de Bruijn, pers. comm.). We expected more thrips
to hide in the refuge in the presence of a mite marked with cues of thrips compared
to the presence of a mite marked with cues of whitefly.
We quantified attacks on whitefly eggs by predators with a mark of thrips or without
such a mark as a control for changes in the foraging behaviour of the predators due
to the mark. As these eggs cannot show antipredator behaviour, we hypothesize that
changes in predation rate emerge from physical effects of the mark on predator
behaviour.

Materials and Methods
Cucumber plants (Cucumis sativa L. var. Aviance Z, Rijk Zwaan, De Lier, The Nether-
lands) were grown from seeds in herbivore-free, walk-in climate rooms (25 °C, 60%
RH, 16:8 light:dark). Western flower thrips and spider mites were both collected from
cucumber plants in a commercial greenhouse in May 1994. The thrips stock was
mixed with individuals that originated from chrysanthemum in experimental green-
houses of Wageningen UR Greenhouse Horticulture, Naaldwijk, The Netherlands,
three weeks before the experiments started. Spider mites, thrips and whiteflies were
reared on cucumber plants (Aviance) in separate climate rooms (25 °C, 60% RH, 16:8
light:dark). Whitefly crawlers were supplied by Koppert BV (Berkel en Rodenrijs, The
Netherlands) on tobacco leaves. Predatory mites were reared on plastic arenas (8 !
15 cm), placed on wet sponges in a plastic tray containing water (Nomikou et al.
2003). They were kept in a walk-in climate room (25 °C, 60% RH, 16:8 light:dark) and
were supplied with ample cattail pollen (Typha latifolia) twice a week. Small pieces of
cotton wool were provided as oviposition substrates. Twice a week, cotton wool
pieces with predatory mite eggs were transferred to a clean plastic arena. This
ensured a steady supply of adult mites that were of the same age and of the same
satiation level. To obtain deutonymph predators, larvae were transferred each to an
individual leaf disc. Deutonymph predators were used because they experience more
hinder from antipredator behaviour by the thrips larvae. Prior to measuring predation
on thrips, deutonymph predatory mites (as judged by the presence of two exoskele-
tons on each individual leaf disc) were labelled with cues of whitefly crawlers or cues
of thrips larvae. Labelling was done as follows: a whitefly crawler or thrips larva was
killed with the aid of a needle and directly afterwards, we touched the dorsum of the
predatory mite with this needle. Because the needle was sticky due to the body flu-
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ids of the prey, the mite stuck to the needle and could be lifted from its leaf disc. Upon
touching the experimental leaf disc, the mite pulled itself off the needle by grabbing
the leaf. Sometimes thrips larvae produced an anal droplet just before being killed;
therefore, the mark would have contained alarm pheromones in some cases. As there
are no sensory structures on the dorsum, and predators cannot reach the dorsum with
their legs to clean, predators do not try to remove the mark. Labelling resulted in an
invisible (40! magnification) mark, which was too small to measure with a Sartorius
supermicrobalance (d = 0.0001 mg).
Marked mites were introduced as described above, each on a separate cucumber
leaf disc (24 mm diameter) with one late first instar thrips larva (5 days old since egg
stage). After 16 and 72 h, we assessed whether the thrips larva was eaten or not,
judged by the presence of remains. We tested respectively 48 and 49 predatory mites
in the two treatments on five different days. Replicates where the thrips larva was
lost, drowned, or dead but not preyed upon, were excluded from the analyses.
Kaplan Meier survival analysis was applied to compare the survivorship curves of the
different treatments, using a log-rank test for differences between replicates and dif-
ferences among treatments (Hosmer and Lemeshow 1999).
To quantify refuge seeking as a type of antipredator behaviour of thrips larvae, we per-
formed a second experiment, but now we added spider-mite web as a refuge for the
thrips (Pallini et al. 1998, Venzon et al. 2000). Cucumber leaf discs (24 mm) were
punched out in such a way that the main vein divided the discs in two halves. The leaf
discs were placed on wet cotton wool in a Petri dish. A wet thread of cotton wool was
placed on top of the vein (Pallini et al. 1998). Thirty adult spider mites were obtained
from the rearing and added to one half of the leaf disc, where they were allowed to
feed and produce web. The spider mites did not cross the wet cotton wool, thus, half
of each leaf disc became damaged and covered with web by the spider mites. After
two days, the spider mites and the cotton wool were removed carefully using a small
needle, leaving the disc with spider-mite eggs, faeces and a thin layer of web on the
leaf surface. In this experiment we used adult female predatory mites because their
predation rate is three times higher than that of deutonymphs (personal observation,
van Maanen 2009). We tested 12-31 mites per treatment on six different days. All
mites tested were seven days old since egg hatching and of the same satiation level.
Marked mites were introduced as described above, each on a separate cucumber leaf
disc with one half covered with spider mite web and one late first instar thrips on the
other half of the leaf disc. In the control, no predator was added to the leaf disc to ver-
ify whether refuge seeking was induced by predator cues or not.
The position and predation of the thrips larvae were scored after 24 h. The differ-
ences in numbers of thrips eaten among the two treatments were analyzed with
Kaplan-Meier survival analysis as above. The proportion of all thrips (eaten plus alive)
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found in the refuge was analyzed with a generalized linear model with binomially dis-
tributed errors (R Development Core Team 2009).
Differences in predation rates could be caused by the predators being hindered in
some way by the mark, especially the acids from the anal droplet present in the mark
from thrips larvae may hinder predatory mites (de Bruijn et al. 2006). Therefore, we
performed a control experiment with immobile prey, which could not respond to the
cues present in the mark on the predator’s dorsum, thus restricting the effect of the
mark on the foraging behaviour of the predator only. Adult female whiteflies were
confined overnight in clip cages on cucumber leaves. Subsequently, leaf discs were
punched from the area that had been enclosed inside the clip cage, resulting in leaf
discs containing between 20 to 70 whitefly eggs. Earlier experiments showed that
adult A. swirskii consume c. 12 whitefly eggs per 24 h (Messelink et al. 2008), thus,
ample prey was provided. The leaf discs were placed on wet cotton wool inside Petri
dishes. Each Petri dish contained four leaf discs. In one treatment, we marked preda-
tory mites with thrips cues as above, and in the other treatment, we marked them
with water as a control for the handling the predator. We tested 36 predators per
treatment. All predators tested were seven days old since the egg stage and of the
same satiation level. After 24 h, the remaining whitefly eggs were counted. Leaf discs
with whitefly eggs but without predatory mite served as control for mortality of white-
fly eggs for reasons other than predation. Mean predation was compared between
the two treatments and analyzed using a generalized linear model with quasi-bino-
mially distributed errors (R Development Core Team 2009).

Results
Predation on thrips larvae by juvenile predatory mites in the absence of a refuge was
significantly affected by the prey cues on the dorsum of the mites (Figure 6.1: sur-
vival analysis, !2 = 4, df = 1, P = 0.046). There were no differences among replicates
carried out on different days (!2 = 6.6, df = 4, P = 0.16). Mites marked with whitefly
cues preyed c. twice as many thrips larvae within 24 h than mites marked with thrips
cues (Figure 6.1). Predatory mites did not spend time attempting to clean themselves
when prey cues were applied on the dorsum.
In the experiment where a refuge for the prey was provided, similar results were
found. The average proportion of thrips eaten by mites marked with cues of thrips
was 0.36 (SE = 0.08) in 24 h and 0.63 (SE = 0.08) by mites marked with cues of white-
flies and this difference was significant (!2 = 3.9, df = 1, P = 0.049).
Overall, there was a significant effect of treatment on the proportion of thrips in the
refuge (Figure 6.2: GLM with binomial distributed errors, !2 = 7.6, df = 2,65, P =
0.022). There was a significant difference between number of thrips hiding in the web
in the presence of mites marked with cues of thrips or in absence of mites (!2 = 6.4,
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df = 1,65, P = 0.011). Twice as many thrips moved into the web in presence of mites
marked with cues of thrips than in presence of mites marked with whiteflies (!2 = 3.8,
df = 1,65, P = 0.052). A smaller effect was found between the treatment without pred-
ators and predators marked with whiteflies (!2 = 1.5, df = 1,65, P = 0.23). This sug-
gests that thrips responded more strongly to cues associated with predators that fed
on conspecific prey than to cues from predators that had fed on other prey.
The average number of whitefly eggs eaten by mites marked with thrips was 7.8 (SE
= 0.94) in 24 h and 9.6 (SE = 0.78) by mites marked with water this did not differ sig-
nificantly (GLM with quasi-binomial distributed errors, P>0.15). This suggests that
the mark did not hinder the mites in their predation behaviour. No mortality of white-
fly eggs was observed in the control without predators.

Discussion
Juvenile and adult predatory mites marked with whitefly cues killed significantly more
thrips than predators marked with thrips cues (Figure 6.1). In addition, we show that
more thrips seek refuge in the presence of a predatory mite marked with thrips cues
than when marked with whitefly cues (Figure 6.2). The predatory mites under test were
shown not to be hindered by the mark and were all of similar age and well-fed. We con-
clude that the lower predation by predators marked with thrips was due to a response
of the thrips larvae, not to differences in the motivation to attack thrips among preda-
tors with different treatments. Thrips larvae that were exposed to predators marked
with thrips succeeded twice as often in escaping from predators by hiding in a refuge
than thrips larvae exposed to a predator marked with cues of whitefly. These results
suggest that predators can feed on inferior prey in order to chemically disguise them-
selves, and thereby reduce antipredator behaviour of the superior prey.
Under natural conditions, predators with different previous diets will usually have dif-
ferent satiation levels, which can result in differences in their motivation to attack
prey, as well as in different prey preference (Sabelis 1986, 1990). We mimicked a pre-
vious diet by marking the predators with prey cues. Mites were all reared on the same
previous diet of pollen, so that differences in motivation and preference were avoid-
ed. Research on other systems has shown that cues emitted by damaged or crushed
prey evoked less strong anti-predator behaviour than cues emanating from predators
that consumed prey (Schoeppner and Relyea 2009). This suggests that the differ-
ences in predation rate may be larger when the predators would have been allowed
to become marked in the process of feeding on different prey species.
In our experimental system, the marks of thrips and whiteflies may not only have dif-
fered in composition but also in quantity. However, we could not quantify marks since
they were not visible with a 40! magnifying binocular and the mass of the mark could
not be detected with a sensitive microbalance.
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Thrips could also have expressed other types of anti-predator behaviour, such as
swinging their abdomen (Bakker and Sabelis 1987, 1989, Teerling et al. 1993a, b) and
producing acid droplets. We did not investigate whether this type of anti-predator
behaviour contributed to escaping predation. Furthermore, when thrips larvae were
killed with a needle to mark the predators, thrips might have produced an anal
droplet containing alarm pheromone. Therefore, predators marked with thrips might
also have been contaminated with the thrips alarm pheromone. De Bruijn and co-
authors (2003) showed that alarm pheromone of thrips increases the vigilance of
conspecific thrips. It would be interesting to assess whether such increased vigilance
promotes survival of the thrips.
Lima and co-authors (2003) incorporated anti-predator vigilance into a classical model
of diet choice. Such classical models (Charnov 1976, Stephens and Krebs 1986) con-
sider the dietary choice of a predator when it encounters prey of high and low quality
on the same patch, and predict that a predator should always accept the superior
prey type, but should accept inferior prey as well when encounter rates with the supe-
rior prey fall below a certain threshold. Lima and co-authors (2003) assume that the
vigilance of prey increases with the number of conspecific prey that are attacked by
the predator, and predict that antipredator behaviour of the prey causes predators to
select a more generalized diet than one might predict from classical theory on optimal
prey choice. For one thing, this is caused by the predators experiencing a lower attack
rate on the superior prey because of the increased vigilance, but for another, the pred-
ators can manipulate the antipredator behaviour of the superior prey by feeding on the
inferior prey. These authors suggest that predators will often benefit from ‘managing’
the anti-predator responses of the prey. This scenario closely resembles our idea that
predators may feed on inferior prey in order to chemically disguise themselves, thus
preventing strong antipredator behaviour in the superior prey.
However, if generalist predators feed on heterospecific prey species in order to dis-
guise themselves, we expect selection to act on prey individuals to use other more
permanent chemical cues of predators or use the cues from heterospecific prey as
indicators of threat as well. In aquatic systems, it was found that, although prey often
exhibit the strongest anti-predator behaviour when the predator consumes only con-
specific prey (Wilson and Lefcort 1993, Schoeppner and Relyea 2005), prey indeed
also continued to respond to predators that had consumed heterospecific prey
(Smith 1992, Chivers and Mirza 2001).
In this article, we show that a generalist predator had a decreased predation rate on
prey when they were experimentally marked with body fluids of heterospecifics of
this prey compared to predators marked with a species conspecific to the current
target prey. This supports the hypothesis that generalist predators reach higher pre-
dation rates on mixtures of prey species. Perhaps generalist predators might have an
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as yet overlooked advantage of eating different prey species, because their chemi-
cal disguise does not alert defensive prey. They could achieve this passively, by
attacking prey as they are encountered, or actively, by switching between prey
species. Classical foraging theory predicts that generalist predators should switch
from eating only prey of high quality to eating a mixture of prey when the density of
the high-quality prey falls below a threshold (Charnov 1976, Stephens and Krebs
1986). We suggest that predator switching might also have evolved because preda-
tors face reduced antipredator behaviour, thereby promoting the success rate of pre-
dation on the preferred prey.
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