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Abstract Prey perceiving predation risk commonly change
their behavior to avoid predation. However, antipredator
strategies are costly. Therefore, according to the threat-
sensitive predator avoidance hypothesis, prey should match
the intensity of their antipredator behaviors to the degree of
threat, which may depend on the predator species and the
spatial context. We assessed threat sensitivity of the two-
spotted spider mite, Tetranychus urticae, to the cues of three
predatory mites, Phytoseiulus persimilis, Neoseiulus
californicus, and Amblyseius andersoni, posing different
degrees of risk in two spatial contexts. We first conducted
a no-choice test measuring oviposition and activity of T.
urticae exposed to chemical traces of predators or traces
plus predator eggs. Then, we tested the site preference of T.
urticae in choice tests, using artificial cages and leaves. In
the no-choice test, T. urticae deposited their first egg later in
the presence of cues of P. persimilis than of the other two
predators and cue absence, indicating interspecific threat-
sensitivity. T. urticae laid also fewer eggs in the presence of
cues of P. persimilis and A. andersoni than of N. californicus
and cue absence. In the artificial cage test, the spider mites
preferred the site with predator traces, whereas in the leaf test,
they preferentially resided on leaves without traces. We argue
that in a nonplant environment, chemical predator traces do
not indicate a risk for T. urticae, and instead, these traces

function as indirect habitat cues. The spider mites were
attracted to these cues because they associated them with the
existence of a nearby host plant.
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Introduction

Predation is a strong selective force shaping the behavior,
morphology, and life history traits of prey individuals and as
such has important structuring effects on higher organiza-
tion levels within ecosystems (Lima and Dill 1990; Peacor
and Werner 1997; Kats and Dill 1998; Lima 1998; Lind and
Cresswell 2005). Consequently, prey organisms developed a
wide range of morphological, physiological, and/or behav-
ioral adaptations to avoid being detected by predators or to
defend themselves against predators upon detection (e.g.,
Lima and Dill 1990; Kats and Dill 1998). Behavioral
antipredator strategies may include changed habitat use,
changes in oviposition behavior, increased vigilance, escap-
ing or avoidance behaviors, changed movement patterns,
and/or changed feeding activities (Lima and Dill 1990, for
review). Commonly, responding to predation threat has
fitness costs for prey (e.g., Rhoades and Blumstein 2007).
Therefore, in many animal taxa, prey evolved abilities to
assess the degree of predation risk and to modulate the
intensity of their antipredator response according to the
magnitude of risk. This concept is called threat-sensitive
predator avoidance hypothesis (Sih 1982; Helfman 1989)
and has been extensively studied in both aquatic (Rochette
et al. 1997; Engström-Öst and Lehtiniemi 2004; Blanchet et
al. 2007) and terrestrial (Edut and Eilam 2003; Amo et al.
2004; Monclús et al. 2009; Walzer and Schausberger 2011)
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ecosystems. Most pertinent studies were concerned with
intraspecific threat sensitivity, such as discrimination be-
tween different densities or life stages of the same predator
species (e.g., Ferrari and Chivers 2009), while only a few
dealt with interspecific threat sensitivity, i.e., discrimination
between different species and the associated risk (e.g.,
Walzer and Schausberger 2011).

Prey organisms may perceive their predators or predator-
associated cues through different sensory modalities, such as
olfaction, taste, vision, audition, physical contact, or combi-
nations thereof (Kiesecker et al. 1996; Kats and Dill 1998;
Dicke and Grostal 2001). Arthropods such as insects and
mites most commonly use volatile and tactile chemosensory
cues via olfaction and taste, respectively, to assess predation
risk (Kats and Dill 1998; Dicke and Grostal 2001). Such
cues—as other types of cues that indicate predation risk—may
emanate from either a direct or an indirect source. Direct cues
of predation are signals produced by the predators themselves,
such as their body odors, pheromones, exuviae, eggs, excreta,
sounds, movements, etc. Indirect cues are signals not pro-
duced by the predators themselves and may include any other
perceivable environmental factor that is more or less reliably
associated with predation risk, such as pheromones released
by alarmed, injured, or dead conspecific individuals (e.g.,
Thorson et al. 1998; Dicke and Grostal 2001).

Here, we studied the antipredator behavior of a globally
distributed herbivore, the two-spotted spider mite Tetranychus
urticae Koch, to direct chemosensory cues of three predatory
mite species, Phytoseiulus persimilis Athias-Henriot,
Neoseiulus californicus (McGregor) and Amyblyseius
andersoni Chant. T. urticae is one of the most important
herbivorous pest species worldwide with more than 1,000
different host plant species (Helle and Sabelis 1985a; Bolland
et al. 1998). All three predatory mites are natural enemies of
herbivorous mites and insects and used for biological control
in various greenhouse and outdoor crops (e.g., Helle and
Sabelis 1985b; McMurtry and Croft 1997; Hoy 2011). Several
previous studies showed that antipredator behaviors of spider
mites can be induced or mediated by predatory mite-
associated chemosensory cues but do not require physical
presence of the predators (Grostal and Dicke 1999;
Škaloudova et al. 2007; Kroon et al. 2008). However, it is
unknown whether the spider mites show interspecific threat
sensitivity in their antipredator responses. Our first objective
was thus to determine whether T. urticae is able to detect
traces of each of the three predatory mite species and adjust
its antipredator responses accordingly. The three predator
species differ in the threat posed to T. urticae, with P.
persimilis—due to its specialization on spider mite
prey—representing a greater threat than the other two species,
which may feed on a range of mite and insect prey and plant-
derived substances such as pollen (e.g., McMurtry and Croft
1997; Castagnoli and Simoni 2003; Gerson and Weintraub

2007; Pozzebon and Duso 2008). Traits makingP. persimilis a
high risk predator for the spider mites are, among others, its
well-developed searching and detection ability, well-
developed ability to cope with the spider mite webs, high
aggressiveness and voracity, persistent presence inside the
webs, and favorable functional and numerical responses.
The relative risk posed by the generalists N. californicus and
A. andersoni to T. urticae and whether one or the other should
be considered a higher risk predator depends on circumstances
such as the host plant species, prey density, and the trait used
to judge predation risk. All three predator species are com-
mercially available for biological control of T. urticae. Preda-
tion risk also commonly varies with space and time, and the
information content of signals may depend on the environ-
mental background. Consequently, antipredator responses are
context dependent (Lima and Dill 1990; Kats and Dill 1998)
and may, for example, vary with the features of the patch, site,
or habitat where chemosensory cues or other predator-
associated cues are perceived (e.g., Sih and Kats 1991; Kats
and Dill 1998; Rodriguez et al. 2001; Heithaus et al. 2009;
Wirsing et al. 2010). Hence, our second objective was to
assess whether the response of T. urticae to predator cues
depends on the spatial context. Specifically, we were interest-
ed in the response of T. urticae to predator cues on a plant,
representing the feeding and reproductive sites of both the
herbivorous and the predatory mites, and in a nonplant envi-
ronment, representing the transitory sites during interplant
traveling of the herbivores and their predators. In such transi-
tory sites, the predation risk for the spider mites should be
much lower than in their intrinsic habitat, the plant.

Materials and methods

Plants and mites

The laboratory population of T. urticae was maintained
on common bean plants, Phaseolus vulgaris L., grown
in a substrate mixture consisting of 50 % soil, 25 %
sand, and 25 % peat moss, under room conditions at
20–25 °C, 50–80 % RH, and 16:8 h L/D. All spider
mites were predator naïve, i.e., did not have any expe-
rience with predators or their cues before experiments.
The predatory mites, N. californicus, P. persimilis, and
A. andersoni, used for the experiments were taken from
populations reared on T. urticae prey on separate artifi-
cial arenas kept in an environmental chamber at 25±
1 °C, 60±5 % RH, 16:8 h L/D or in an air-conditioned
room at 25±2 °C, 60±10 % RH, natural daylight. The
laboratory populations of all three predators had been
originally founded with specimens collected in Sicily,
Italy (Walzer and Schausberger 2011). Each predator-
rearing unit consisted of a plastic tile resting on a
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water-soaked foam cube (15×15×4 cm) placed in a
plastic box (20×20×6 cm) half-filled with tap water.
The edges of the tile were covered with moist tissue
paper to prevent the predators from escaping. The pred-
ators were fed with all life stages of the spider mites
brushed off detached bean leaves onto arenas (for A.
andersoni), or by adding fresh detached spider mite-
infested leaves onto arenas in two to three day intervals
(for P. persimilis and N. californicus). All spider mite
females and predatory mite females used in experiments
were randomly withdrawn from their respective rearing
units. Each spider mite female, each predatory mite
female, and each leaf disc and cage were used only
once in experiments. All experimental units were stored
in an environmental chamber at 25±1 °C, 60±5 % RH,
and 16:8 h L/D.

Response to chemical traces and eggs of predatory mites
(no choice, leaf)

In the first experiment, we assessed the general activity
(moving or resting) and oviposition of T. urticae in
response to cues from gravid females of the three pred-
atory mite species. Cues were chemical traces such as
metabolic waste products and, possibly, chemical foot-
prints left by the predatory mite females on the leaf
surface with and without their eggs. Treatments with
chemical traces of the predators with and without their
eggs were considered representing different risks to the
spider mites because the eggs give rise to potential
future predators. Each experimental unit consisted of a
circular disc (ø 13 mm), punched out from a trifoliate
leaf of a noninfested bean plant, floating on top of a
water column inside a cylindrical compartment (ø
15 mm) of a plastic cartridge. The compartment was
completely filled with tap water, ensuring that the water
surface was slightly above that of the upper edge of the
plastic cartridge. Before the experiment, a gravid pred-
atory mite female was placed on the leaf disc for 12 h
or the leaf disc was left without a predator for control.
After 12 h, the predatory mite female was gently re-
moved from the disc using a fine brush and eggs laid
by the female were either removed (for treatments with
only chemical traces) or two eggs left on the disc (for
treatments with chemical traces plus eggs). Thereafter, a
gravid T. urticae female, randomly taken from the lab-
oratory population, was released on the disc using a fine
brush. The activity (moving or resting) and oviposition
of the spider mite female was recorded every 10 min
during the first hour, then every 20 min during the
second to sixth and then again 24 h after release. Each
treatment (chemical traces of the three predatory mite
females with or without their eggs and the respective

controls) was replicated 27–33 times. Treatments within
a given cue type (traces or traces plus eggs) were
conducted in parallel but, according to cue type, allo-
cated to two separate experimental series, which were
run immediately after each other. To allow joint analy-
sis, a control treatment (blank leaf) was included in
both series, enabling to distinguish effects caused by
the difference in the offered cue types from artifacts
caused by the series.

Response to chemical traces of predatory mites (choice,
artificial cage)

In the second experiment, we examined the residence
preference of T. urticae given a binary choice between
sites with and without chemical traces left by females of
the three predatory mite species in an artificial cage,
i.e., a nonplant environment. Each choice cage consisted
of a T-shaped maze drilled into a 3-mm thick rectangu-
lar acrylic plate (35×80 mm). The maze consisted of
two large circular chambers (ø 15 mm), located at either
end of the horizontal bar of the T (length, 15 mm), and
a smaller circular chamber (ø 5 mm) at the base of the
vertical bar of the T. The T connecting the three cham-
bers consisted of a 2-mm wide aisle. The bottom of the
cages was closed with fine gauze to allow air exchange,
while the upper side was closed by a microscope slide
held in place with a rubber band (Schausberger and
Hoffmann 2008). Before the experiment, a gravid pred-
atory mite female was caged in one of the two large
chambers, while the other remained empty. To avoid
that the predator female moved to the other side of
the choice cage, the aisle connecting the two large
chambers was blocked with an inert plastic piece. After
12 h, the predatory mite female was removed from the
chamber, the plastic piece blocking the aisle was re-
moved, and the experiment started by releasing one
gravid T. urticae female in the small chamber at the
bottom end of the T. During the next 4 h, the position
of the spider mite female (inside the chamber with or
without predator traces or somewhere else, considered
the neutral zone) was recorded every 30 min. Each
choice situation (blank vs. cues of P. persimilis, N.
californicus, or A. andersoni), and for control, a choice
situation without predatory mite cues (blank vs. blank)
was replicated 20–23 times, taking care that different
choice situations were carried out in parallel.

Response to chemical traces of predatory mites (choice,
leaf)

In the third experiment, we examined the residence
preference of T. urticae given a binary choice between
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leaves with and without chemical traces left by females
of the three predatory mite species. The spatial arrange-
ment was similar to the artificial choice cages. Each
experimental unit consisted of two leaf discs (ø
15 mm), spaced apart 15 mm, resting on top of a
water-soaked foam cube covered by a tissue paper and
connected by a T-shaped wax bridge (∼5 mm wide).
The wax bridge was created by dripping hot wax from
a nonfragrant candle onto the tissue covering the foam
(Walzer et al. 2006). Before the experiment, a gravid
predatory mite female was placed on one of the two
leaf discs for 12 h, while the other remained predator-
free. To prevent the predatory mite from moving to the
other disc, the wax bridge was blocked by a strip of
moist tissue paper partially covered with glue. After
12 h, the predatory mite female was removed from the
leaf disc, the paper strip blocking the bridge was re-
moved, and the experiment started by releasing a gravid
T. urticae female at the bottom end of the T-shaped wax
bridge. During the next 4 h, the position of the spider
mite female (on the disc with or without predator traces
or on the neutral wax bridge) was recorded every
30 min. Each choice situation (blank vs. cues of P.
persimilis, N. californicus, or A. andersoni), and for
control, a choice situation without predatory mite cues
(blank vs. blank) was replicated 20–24 times, taking
care that different choice situations were carried out in
parallel.

Statistical analyses

SPSS 15.0.1 (SPSS Inc., Chicago, USA, 2006) was
used for all statistical analyses. In the first experiment
(no choice), generalized linear models (GLM; gamma
distribution, log link) and post hoc least significant
difference (LSD) tests were used to compare the time
of the first egg laid and total oviposition within 24 h
among the four treatments (no cues, or cues of A.
andersoni, N. californicus, or P. persimilis) and between
cue types (only chemical predator traces or traces plus
eggs). If the first egg was not laid within the initial 6 h
of the experiment but eggs were found after 24 h, for
statistical analyses, we assumed that the first egg was
laid after 7 h. To compare the activity (moving or
resting) of T. urticae among treatments and between
cue types, GLM (counts of events, binomial distribu-
tion, logit link) was used. For GLM on activity, the data
were aggregated before analysis, i.e., the number of
times out of 21 observations in total the mites were
observed moving was calculated. In the second (choice,
cage) and third (choice, leaf) experiment, Wilcoxon
signed-rank tests were used to analyze the position of
T. urticae on the blank side and cue side (no cues, i.e.,

blank, or cues of A. andersoni, N. californicus, or P.
persimilis), respectively, within each choice situation
(assuming equal distribution if choice was random).
GLMs (count of events, binomial distribution, logit link)
and post hoc LSD tests were used to compare the
residence of T. urticae on the blank side among choice
situations (blank vs. blank, or vs. cues of A. andersoni,
N. californicus, or P. persimilis). In the second and third
experiment, the residence data were aggregated before
analyses, i.e., the number of times the spider mite
female was found on the blank side and the alternative
side were calculated.

Results

Response to chemical traces and eggs of predatory mites
(no choice, leaf)

The time of the first egg laid by T. urticae was affected
by treatment (no cues, or cues of A. andersoni, N.
californicus, or P. persimilis) (GLM; Wald c23 ¼ 13:739,
P=0.003) but not cue type (traces or traces plus eggs)
(Wald c21 ¼ 0:484 , P=0.487) and the interaction of

treatment and cue type (Wald c23 ¼ 4:363 , P=0.225;
Fig. 1). The spider mites laid their first egg significantly
later on leaf discs harboring cues of P. persimilis than
on leaf discs harboring cues of N. californicus or A.
andersoni or leaf discs without predator cues (LSD;
P<0.05 for every pairwise comparison). The time of
the first egg laid did not differ between leaf discs
harboring cues of A. andersoni or N. californicus or

Fig. 1 Time elapsed until single T. urticae females laid their first egg
on leaf discs harboring cues (chemical traces or traces+eggs) of the
predatory mites A. andersoni (AA), N. californicus (NC) or P.
persimilis (PP), or without predatory mite cues (blank)
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without predator cues (P>0.05 for every pairwise com-
parison; Fig. 1).

The total number of eggs produced by T. urticae within
24 h was affected by treatment (GLM; Wald c23 ¼ 18:427, P

<0.001) but not cue type (Wald c21 ¼ 3:091, P=0.079) and

the interaction of treatment and cue type (Wald c23 ¼ 6:421,
P=0.093) (Fig. 2). The spider mites laid fewer eggs on leaf
discs harboring cues of P. persimilis and A. andersoni than
on leaf discs harboring cues of N. californicus or without
predator cues (LSD; P<0.05).

The relative time spent moving was significantly
influenced by treatment (GLM; Wald c23 ¼ 37:497 , P<

0.001) and cue type (Wald c21 ¼ 19:882, P<0.001) but not

the interaction of treatment and cue type (Wald c23 ¼ 1:599,
P=0.660; Fig. 3). The spider mites moved less on blank
leaves than on leaves harboring predatory mite cues (LSD;
P<0.05 for every pairwise comparison). Moving did not
differ among discs harboring predatory mite cues (P>0.05
for every pairwise comparison). T. urticae spent more time
moving in presence of predatory mite traces plus eggs than
only predatory mite traces. However, this was apparently an
artifact of conducting treatments with traces plus eggs and
traces alone in two separate series because the difference
was also true for blank leaf discs (Fig. 3). An exclusive
effect of cue type would have been evident by a significant
interaction term and lacking difference on blank leaf discs,
which was not the case.

Response to chemical traces of predatory mites (choice,
artificial cage)

T. urticae females given a choice between a blank cavity
(without predatory mite cues) and a cavity containing

chemical traces of predatory mites (P. persimilis or A.
andersoni or N. californicus) preferentially resided in the
cavity containing the predatory mite traces (Wilcoxon
signed-rank tests; blank vs. A. andersoni cues Z=−2.397,
P=0.017; blank vs. N. californicus cues Z=−2.836, P=
0.005; blank vs. P. persimilis cues Z=−3.356, P=0.001;
Fig. 4a). The spider mites did not have a preference in the
control choice situation (blank vs. blank Z=−0.272, P=
0.785). GLM (Wald c23 ¼ 20:637, P<0.001) and post hoc
LSD tests revealed that the residence preference differed
between the control choice situation (blank vs. blank) and
the choice situations with predatory mite cues (P<0.05 for
every pairwise comparison) but did not differ among choice
situations with predatory mite cues (P>0.05 for every
pairwise comparison).

Response to chemical traces of predatory mites (choice,
leaf)

T. urticae females given a choice between a blank leaf disc
(without predatory mite cues) and a leaf disc containing
chemical traces of predatory mites (P. persimilis or A.
andersoni or N. californicus) preferentially resided on the
blank leaf disc in every choice situation (Wilcoxon signed-
rank tests; blank vs. A. andersoni cues Z=−2.474, P=0.013;
blank vs. N. californicus cues Z=−2.664, P=0.008; blank
vs. P. persimilis cues Z=−2.152, P=0.031; Fig. 4b). The
spider mites did not have a residence preference in the
control choice situation (blank vs. blank Z=−0.894, P=
0.371). GLM (Wald c23 ¼ 9:178 , P=0.027) and post hoc
LSD tests revealed that the preference differed between the
control choice situation (blank vs. blank) and the choice
situations containing the predatory mite cues (P<0.05 for

Fig. 2 Mean number of eggs laid by T. urticae within 24 h on leaf
discs harboring cues (chemical traces or traces+eggs) of the predatory
mites A. andersoni (AA), N. californicus (NC) or P. persimilis (PP), or
without predatory mite cues (blank)

Fig. 3 Proportion of time spent moving by T. urticae females on leaf
discs harboring cues (chemical traces or traces plus eggs) of the
predatory mites P. persimilis (PP), A. andersoni (AA) or N. californicus
(NC), or without predatory mite cues (blank)
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every pairwise comparison) but did not differ among choice
situations with predatory mite cues (P>0.05 for every
pairwise comparison).

Discussion

The first, no choice, experiment suggests that the two-
spotted spider mite T. urticae is able to assess the predation
risk of different predatory mite species through chemical
traces left by the predators on the leaf surface and to adjust
its antipredator response accordingly. Depending on the
behavioral trait, T. urticae discriminated between the cues
of the high risk predator P. persimilis and the other two

lower risk predators or no predator cues, which is in accor-
dance with the threat-sensitive predator avoidance hypothe-
sis (Sih 1982; Helfman 1989). Threat-sensitivity did not
manifest in every trait, probably indicating trait-dependent
benefit–cost ratios. The spider mites delayed oviposition of
their first egg only in presence of P. persimilis cues, while
there were no differences among the other two predatory
mite cues and the control. Moreover, total oviposition of T.
urticae within 24 h was lower in presence of cues of P.
persimilis and A. andersoni than in presence of cues of N.
californicus or without cues. Interspecific threat sensitivity
was not reflected in the moving activity of the spider mites,
which was generally higher in presence than absence of
predator cues.

Several previous studies are consistent with the hypoth-
esis that T. urticae is able to discriminate between cues
associated with different levels of risk but did not test for
or did not show interspecific threat sensitivity. For example,
Škaloudová et al. (2007) demonstrated that oviposition of T.
urticae decreased with increasing predation risk within the
same predator species, P. persimilis. Grostal and Dicke
(2000) investigated the variability in the response of T.
urticae to cues from a range of enemy and nonenemy mite
species. In their choice experiments, T. urticae avoided
oviposition on leaflets harboring cues of a wide range of
predatory and parasitic mite species, but was unaffected by
cues of exclusive fungivores and pollen-feeding mites. Like-
wise, in their choice experiments the proportion of eggs laid
by the spider mites was lower on leaf discs harboring cues of
predatory mites previously fed on spider mites than on those
harboring cues of pollen-fed ones. Grostal and Dicke (2000)
concluded that the behavioral changes of prey were trig-
gered by the differences in metabolic waste products of
zoophagous and nonzoophagous predator species and indi-
viduals, respectively. Walzer and Schausberger (2011) provided
evidence for interspecific threat sensitivity in oviposition site
selection within a guild of predatory mites sharing T. urticae as
prey.

Regarding oviposition and activity levels, our no-choice
experiment principally corroborates the findings of previous
related studies on spider mite antipredator behaviors but the
results differ in several aspects. For example, in a similar
set-up to ours, Grostal and Dicke (1999) did not find an
effect of P. persimilis cues on oviposition of T. urticae,
while Škaloudová et al. (2007) observed decreased spider
mite oviposition in response to increased predation risk by
P. persimilis. Similarly, Choh et al. (2010) observed that T.
urticae laid fewer eggs when it had previously experienced
P. persimilis on the same leaf or when it was exposed to the
predator’s odors from an adjacent leaf. Differences among
these studies could be due to the variety of set-ups and
procedures used. Grostal and Dicke (1999) tested the ovi-
position response of a single spider mite on a leaf disc, while

Fig. 4 Residence of T. urticae females given a choice between a blank
side and a side containing cues (chemical traces) of the predatory mites
A. andersoni, N. californicus, or P. persimilis or no predator cues for
control (blank). The P values refer to Wilcoxon signed-rank tests
within each choice situation assuming random choice (indicated by
the broken lines). a Choice experiment using artificial cages. b Choice
experiment using leaf discs (N=20–24 for each choice situation of a
and b)
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Škaloudová et al. (2007) and Choh et al. (2010) tested
groups of spider mites placed together on the same leaf disc.
In the latter two studies, the spider mites could have
responded to indirect predator-associated cues, i.e., alarm
signals from their conspecifics (Dicke and Grostal 2001;
Oku et al. 2003), possibly inducing or intensifying their
anti-predator responses. Unlike our experimental procedure,
introducing the spider mite female onto the leaf disc imme-
diately after removing the predatory mite and its eggs,
Grostal and Dicke (1999) introduced them only 2 h later.
Due to partial volatility of the chemical cues of the predators
(Dicke and Grostal 2001), their concentration on the leaf
disc and subsequent perceptibility for the spider mites prob-
ably decreased over time. The fact that T. urticae spent more
time moving in the presence of predator cues may indicate
an attempt of the spider mites to escape from the dangerous
environment associated with the predator cues, which is a
widespread antipredator response (Lima and Dill 1990 for
review). Such escape or avoidance responses of spider mites
have been frequently observed (Pallini et al. 1999;
Magalhães et al. 2002; Oku et al. 2004; Škaloudová et al.
2007; Choh and Takabayashi 2007). The increased moving
activity in presence of predatory mite cues is also a possible
explanation for the oviposition reduction of T. urticae (Oku
et al. 2004; Škaloudová et al. 2007). Our experimental set-
up did not allow the spider mites to leave the leaf discs but
to explore them and walk around, searching for an exit
(Janssen et al. 1997) or a suitable egg laying site
(Hoffmeister and Roitberg 1997). This behavior may have
resulted in less time spent feeding, in turn negatively affect-
ing the number of eggs produced. However, this explanation
does not explain the delay in the first egg laid in presence of
P. persimilis cues because the moving activity of the spider
mites did not differ among the cues of different predatory
mite species. The delay in time of the first egg laid could be
due to egg retention by the spider mites. Similar egg reten-
tion behaviors have been reported for predatory mites in
intraguild predation situations (Montserrat et al. 2007;
Abad-Moyano et al. 2010).

In the two choice experiments, we assessed the residence
preference of T. urticae in nonplant and plant environments
with and without cues of the three predatory mite species. In
all choice situations of the experiment using the artificial
cages (experiment 2), the spider mites consistently preferred
the chamber harboring the predatory mite cues. This result is
at first glance counter-intuitive (Stamps and Krishnan 2005)
and in contradiction to most previous findings showing that,
in choice situations, prey, including herbivorous mites such
as T. urticae, try to escape from sites where they perceive
direct or indirect cues of their predators (Lima and Dill
1990; Grostal and Dicke 1999; Pallini et al. 1999;
Magalhães et al. 2002; Choh and Takabayashi 2007). More-
over, in the no-choice experiment, the spider mites were

more active in presence of predator cues, which may be
interpreted as attempts to get away from a site perceived to
be dangerous. However, the third experiment using leaf
discs suggests that the information conveyed by the predator
cues depends on the spatial context and is functionally
reversed—from repulsion to attraction—when perceived
on plants versus in nonplant environments. On the leaf discs,
the spider mites may have perceived the chemosensory pred-
ator cues, possibly together with cues emitted by the plants, by
both olfaction and taste through piercing the leaf tissue,
whereas in the artificial cage they could only perceive the
predator cues by olfaction. Therefore, not only the information
conveyed but also the sensory modalities involved may have
differed between the plant and nonplant environments. Ulti-
mately, in the nonplant environment, the artificial cage, T.
urticae may have searched for and may have been attracted
to signals indicating a host plant or plant tissue. Considering
that all three predatory mites had fed on spider mites before
the experiment, which in turn had fed on plants, their cues
may have contained plant signals. In the nonplant environ-
ment, the spider mites could thus have associated the preda-
tory mite cues with the existence of a nearby host plant. In
natural settings, following these cues could guide the spider
mites to a new host plant because the predators themselves are
plant dwelling and thus have to travel to new host plants. We
therefore argue that predatory mite cues perceived in a
nonplant environment are not considered dangerous by the
spider mites because they are only indicative of predators
traveling to new host plants and thereby functioning as indi-
rect habitat cues (Stamps and Krishnan 2005). The possibility
of a functional reversal of the information conveyed by
chemosensory signals in dependence of the spatial context,
on a plant vs. nonplant substrate, has important bearings for
the experimental design and interpretation of future studies on
signaling and communication through chemosensory means
in plant-dwelling arthropods.
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