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Received: Predator-associated cues can induce behavioural and life-history changes in prey without
13 August, 2026 direct predator—prey interactions, yet whether these responses reduce subsequent predation
Accepted: risk remains pootly understood. We investigated how predator-associated cues from the
13 September, 2026 phytoseiid mites Amblyseins swirskii and Neoseiulus californicus influenced spatial organization
Published: and reproductive potential in the two-spotted spider mite, Tetranychus urticae. Adult female T.
15 October, 2026 urticae were exposed to experimentally manipulated levels of predator-associated cues
Subject Editor: representing increasing perceived predation risk, and spatial organization and oviposition

A. Farazmand were subsequently measured. Two additional, independent experiments used experimentally

imposed aggregated and dispersed prey distributions to test predator—prey encounter
frequency and predator patch choice. Predator-associated cues induced trait-specific and
predator-dependent responses. Exposure to 4. swirskii cues caused a transient increase in
prey dispersion after 3 h, whereas N. californicus cues had no significant effect on spatial
organization. Cues from both predator species significantly reduced oviposition, with
stronger reductions occurring under higher perceived risk. In the independent encounter
experiment, experimentally imposed prey spatial distribution did not significantly affect
encounter frequency for either predator species. In the independent patch-choice
experiment, A. swirskii preferentially selected aggregated prey patches and initiated attacks
there, whereas N. californicus showed no significant patch preference. These findings indicate
that predator-associated cues can modify prey behaviour and reproduction, but the ecological
consequences of prey spatial distribution depend on the stage of predator foraging and
predator identity.
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INTRODUCTION

Behaviour is one of the primary mechanisms through which organisms respond to environmental
change. Many animals adjust their behaviour before direct interactions with environmental challenges
occur by using information obtained from their surroundings. Among the most important sources of
such information are predator-associated cues, which enable prey to detect potential threats and modify
movement, habitat use, aggregation, foraging, and reproductive decisions before encountering predators.
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Although these responses may reduce predation risk, they often involve trade-offs because defensive
behaviours can limit access to food, mates, or suitable habitats (Lima and Dill 1990; Kats and Dill 1998;
Dall et al. 2005; Ferrari et al. 2009).

Predators therefore influence prey populations not only through direct consumption but also
through non-consumptive effects mediated by prey perception of risk. These effects occur when prey
respond to predator-associated information such as chemical residues, faeces, eggs, or damaged
conspecifics, resulting in changes in behaviour, physiology, or life-history traits even in the absence of
direct predation. Such responses can alter prey fitness and generate trait-mediated effects that extend
beyond the directly exposed individuals, potentially influencing population and community processes
(Dicke and Grostal 2001; Schmitz et al. 2004; Lima 1998). In arthropod systems, chemical information
from natural enemies is particularly important because prey can detect predator-derived cues before direct
contact and adjust their behaviour or reproduction accordingly (Dicke and Grostal 2001).

Spider mites (Acari: Tetranychidae) and their phytoseiid predators provide an excellent model for
studying information-mediated predator—prey interactions. The two-spotted spider mite, Tetranychus
urticae Koch, is one of the most economically important herbivorous mites worldwide and has been
extensively used in studies of antipredator behaviour. Previous research has shown that T. urticae can
detect predator-associated cues and modify movement, dispersal, web production, habitat selection, and
reproductive output in response to perceived predation risk (Grostal and Dicke 1999; Dicke and Grostal
2001; Skaloudova et al. 2007; Dias et al. 2016). However, most previous studies have focused on prey
responses themselves rather than on how predators subsequently respond to prey spatial organization.

Spatial organization is an important component of antipredator behaviour because prey
arrangement determines the spatial environment encountered by searching predators. Changes in
aggregation or dispersion may alter local prey density and affect predator searching efficiency, encounter
rates, or patch-selection decisions. Whether such effects occur may depend on whether predators are
forced to search within a patch or are allowed to select among alternative prey patches.

Although predator-associated cues are known to alter spider mite behaviour, the present study did
not directly test whether the spatial distribution induced by predator cues subsequently changes predator
encounters. The predator-cue experiment and the two prey-distribution experiments were therefore
treated as separate experimental components. The latter experiments tested the effects of experimentally
imposed prey distributions on predator encounter frequency and patch choice rather than providing a
direct causal test of the consequences of cue-induced spatial changes.

In this study, we investigated how predator-associated cues from A. swirskii and N. californicus affect
the spatial organization and reproductive potential of T. urticae under different levels of perceived
predation risk. In two separate experiments, we then examined how experimentally imposed aggregated
and dispersed prey distributions affected predator—prey encounter frequency and predator patch choice.
We hypothesized that predator-associated cues would induce behavioural and reproductive responses in
T. urticae and that these responses would depend on predator identity and cue intensity. For the
independent prey-distribution experiments, we predicted that predator responses would differ between
aggregated and dispersed prey arrangements and between predator species.

MATERIAL AND METHODS

Host plant

Red bean, Phaseolus vulgaris L. var. Alamuti (Fabaceae), was used as the host plant for maintaining
T. wrticae colonies and for behavioural experiments. Seeds were soaked in distilled water for 24 h,
germinated in moist cotton, and transplanted individually into plastic pots (12 cm diameter X 12 cm
height) containing pure perlite. Plants were irrigated every two days with complete nutrient solution
(NPK 20:20:20). Unless otherwise stated, plants and mites were maintained at 25 = 1 °C, 65 = 10% RH,
and a 16:8 h light: dark photoperiod. Plants were used at the five-leaf stage, and new plants were produced
every two weeks to provide healthy leaf material.
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Rearing of T. urticae

The initial colony of T. urticae was obtained from the Acarology Laboratory, Department of Plant
Protection, College of Agriculture and Natural Resources, University of Tehran, Iran. Colonies were
established by transferring adult males and females onto healthy bean plants. Spider mite colonies were
maintained under the environmental conditions described above. Fresh bean plants were introduced
every 2-3 days to maintain colony development, while deteriorated plants were removed and replaced
regularly.

Rearing of predatory mites

Colonies of IN. californicus and A. swirskii were originally obtained from Koppert Biological Systems
(The Netherlands) and subsequently maintained in the Acarology Laboratory, University of Tehran.
Predatory mites were reared on bean leaves infested with T. #rticae using an island-type rearing system
under controlled conditions (25 £ 1 °C, 70 £ 5% RH, 16:8 h light:dark photoperiod). The rearing system
consisted of a water-saturated sponge inside a plastic container partially filled with water, with a plastic
sheet on the sponge serving as the rearing platform. Tissue paper extending into the water reservoir
maintained moisture and prevented mite escape. Predators were provided continuously with all
developmental stages of 1. urticae and supplemented with maize pollen. Fresh infested leaves were added
every 3—4 days and deteriorated leaves were removed regularly. Predator colonies were maintained for
five generations before experimentation.

Preparation of experimental arenas

Behavioural experiments were conducted using modified double-Petri-dish arenas. Each arena
consisted of two connected Petri dishes (9 cm diameter) supplied continuously with water through a
tissue-paper wick. A ventilation opening covered with fine mesh in the lid allowed air exchange while
preventing mite escape. Bean leaf discs (3 cm diameter) were excised from healthy leaves and placed
abaxial side upward on moist filter paper. The margins of each leaf disc were surrounded with moist
tissue paper and cotton to maintain humidity and prevent mite escape throughout the experiments.

Synchronization of T. urticae females

Approximately 20 adult female T. #rticae were transferred onto bean leaf sections and allowed to
oviposit for 24 h. Females were then removed, and the resulting cohort was maintained under laboratory
conditions until adult emergence. Newly emerged adult females (approximately 11 days after oviposition)
were used in all experiments, thereby standardizing the adult age class across treatments.

Predator-associated cue experiment

This experiment examined whether predator-associated cues influence the spatial organization and
reproductive potential of T. urticae females. Four levels of perceived predation risk were established
according to Dittmann and Schausberger (2017): control (no predator-associated cues), low risk
(predator-associated traces without predator eggs), intermediate risk (predator-associated traces with two
predator eggs), and high risk (predator-associated traces with five predator eggs).

1. Control: leaf discs without predator-associated cues.

2. Low risk: predator-associated traces without predator eggs.

3. Intermediate risk: predator-associated traces with two predator eggs.
4. High risk: predator-associated traces with five predator eggs.

Predator-associated cues were generated by allowing a single well-fed adult female predator to
remain on each leaf disc for 10 h in the absence of prey. The 10-h exposure period was used to allow
sufficient deposition of naturally occurring predator-associated traces and, where applicable, predator
eggs before prey introduction. For the low-risk treatment, predators deposited walking traces and faecal
material but no eggs were retained. For the intermediate- and high-risk treatments, two or five predator
eggs, respectively, were left on the leaf disc together with naturally deposited traces after predator
removal. Predators were then removed and each arena was inspected to confirm complete removal. Five
same-aged adult female T. wrticae were transterred onto each leaf disc. Female positions were recorded
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every 30 min for 2.5 h (six observations), followed by one additional observation 24 h later. Spatial
organization was evaluated at 3 and 27 h after prey introduction. These time points were selected to
capture an early behavioural response and its persistence into the following day; one-hour and 24-hour
sampling intervals were not tested. Oviposition was determined by counting eggs laid by the five females
during the 24 h following the final spatial observation. Fach treatment consisted of 20 independent
replicates.

Effect of experimentally imposed prey spatial distribution on predator encounter dynamics

This independent experiment examined whether experimentally imposed prey spatial distribution
influences predator—prey encounter frequency. Bean leaf discs (3 cm diameter) were divided into four
equal sectors. Four same-aged adult female T. urticae were arranged in one of two spatial configurations:
dispersed distribution, with one female in each sector; or aggregated distribution, with all four females
placed within a single sector approximately 1 mm apart.

e Dispersed distribution: one female was placed in each sector.

o Aggregated distribution: all four females were placed within a single sector approximately 1 mm
apart.

To maintain standardized prey positions during observations, females were gently fixed to the leaf
surface using minimal quantities of cold wax. This manipulation was necessary to maintain the predefined
artificial spatial distributions but may reduce the ecological realism of the encounter assay; this limitation
is considered in the Discussion. One starved adult female predator (A. swirskii or N. californicus) was
introduced into the center of each arena after 5 h of starvation. Predator behaviour was observed for 120
min, with observations every 5 min during the first hour and every 20 min during the second hour. The
total number of predator-prey encounters was recorded. An encounter was defined as the first physical
contact between the predatot's anterior legs and a spider mite. Each predator species was tested using 20
independent replicates for each prey distribution.

Effect of experimentally imposed prey spatial distribution on predator patch choice

This experiment examined whether prey spatial distribution influences predator patch selection. A
two-choice arena was constructed using two bean leaf discs (3 cm diameter) connected by a narrow
parafilm bridge (approximately 1 cm long and 0.5 cm wide). Four synchronized adult female T. #rticae
were used on each leaf disc to maintain identical prey density while allowing direct comparison between
aggregated and dispersed prey distributions. One leaf disc contained the four females arranged in an
aggregated distribution, whereas the second contained the four females arranged in a dispersed
distribution. The position of the two prey distributions (left or right) was randomized among replicates.
Spider mite females were gently fixed to the leaf surface using minimal quantities of cold wax to maintain
their spatial arrangement throughout the experiment. One starved adult female predator (Amblyseins
swirskii ot Neoseinlus californicus) was released at the midpoint of the bridge after 5 h of starvation. Predator
behaviour was observed continuously for 60 min. The following variables were recorded:

e first patch entered;
¢ Jocation of the first successful attack.

Each predator species was tested using 20 independent replicates under controlled laboratory
conditions (25 + 1 °C, 65 £ 10% RH, 16:8 h light: dark photoperiod). The overall experimental design
and the independence of the three experimental components are summarized in Figure 1.

Statistical analysis

All statistical analyses were performed using IBM SPSS Statistics version 26 IBM Corp., Armonk,
NY, USA). Normality and homogeneity of variance were evaluated using the Shapiro—Wilk and Levene
tests prior to parametric analyses. The effects of predator-associated cues on mean inter-individual
distance and oviposition were analyzed separately for each predator species using one-way analysis of
variance (ANOVA). When significant treatment effects were detected, differences among means were

PREDATOR CUES AND PREY BEHAVIOUR IN T. URTICAE



2026 PERSIAN JOURNAL OF ACAROLOGY [ 5

determined using Tukey's honestly significant difference (HSD) test. Differences in predator-prey
encounter frequency between aggregated and dispersed prey distributions were analyzed separately for
each predator species using independent-samples ~tests. When assumptions of normality or homogeneity
of variance were not satisfied, Mann-Whitney U tests were used. Predator patch-choice data (first patch
entered and location of the first successful attack) were analyzed separately for each predator species
using two-sided exact binomial tests, assuming an expected probability of 0.5 for selection of either prey
distribution. Statistical significance was accepted at P < 0.05.

(1) Predator-associated cue preparation

3cm Four cue levels
10h / £ / * // -0
3cm — —_— — ¢ o . s e ¥ r—/ o °
(no prey) - i 7 Tobcy
- A . / e yo | d
Leaf disc 1 adult female predator Predator removed Control Low risk Intermediate risk High risk
(square, 3 x 3 cm) (A. swirskii or N. ealifornicus) (leaving traces, faeces and eggs (no cues) (traces only) (traces + 2 eggs) (traces + 5 eggs)

for 10h according to treatment)

(2) Effect of experimentally imposed prey spatial distribution on predator encounter dynamics

P Observation: 120 min
o (every 5 min for first 60 min,
?‘ * % every 20 min for second 60 min)
| — : —>
1 starved predator Response variable:
(A. swirskii or N. californicus) total number of encounters
introduced in center (first physical contact)
Aggregated distribution Dispersed distribution after 5h
(four females in one sector) (one female in each sector)
(3) Predator-associated cue experiment Aggregated Dispersed
(4 females) (4 females)
Observation: 60 min
(continuous)
Response variable:
first patch entered
Loft disc Paraf'\m bridge  Right disc i s;ﬁf‘;‘f ) (left or right)
(3cm diameter) (1 cmx 0.5¢m) (3 om diameter) released at midpoint
after 5 h
[ ;* Predator (A, swirskii or N. californicus) ;* T. urticae female &~ Predator walking traces ® 4 Facces ©  Predator egg

Figure 1. Schematic representation of the experimental design for assessing the effects of predator-associated cues and
experimentally imposed prey spatial distribution on Tetranychus urticae behaviour and predator responses. 1. Predator-
associated cue preparation using four risk levels (control, low, intermediate, and high risk), followed by assessment of
prey spatial organization and oviposition. 2. Predator-prey encounter dynamics under aggregated and dispersed prey
distributions during a 120-min observation period. 3. Predator patch-choice assay comparing aggregated and dispersed
prey patches during 60 min of continuous obsetrvation.

RESULTS
Responses of T. urticae to predator-associated cues

Spatial organization

Exposure to A. swirskii-associated cues significantly affected mean inter-individual distance among
adult females after 3 h of exposure (one-way ANOVA: I =3.27,df = 3, P = 0.026). Females exposed to
the low-risk treatment exhibited a greater mean inter-individual distance (2.83 £ 0.18 cm) than control
females (2.03 * 0.17 cm), and this comparison was significant according to the original Tukey's HSD
analysis (P < 0.05). Although the mean distance was numerically higher under intermediate- and high-
risk conditions, these additional pairwise comparisons were not statistically significant in the original
analysis. After 27 h of exposure, A. swirskii-associated cues no longer significantly affected female spatial
organization (one-way ANOVA: F = 2.09, df = 3, P = 0.108). For N. californicus, mean inter-individual
distance at 3 h was 2.62 * 0.15 cm in the control, 3.07 £ 0.22 cm under low risk, 2.55 = 0.22 cm under
intermediate risk, and 2.63 £ 0.22 cm under high risk. At 27 h, the corresponding means were 2.27 £
0.14,2.73 £ 0.18, 2.27 + 0.22, and 2.27 * 0.23 cm, respectively. These differences were not statistically
significant (one-way ANOVA, P > 0.05).
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Table 1. Mean inter-individual distance (cm * SE) among adult female Tetranychus urticae exposed to predator-associated cues
trom Awmblyseins swirskii and Neoseiulus californicus.

Predator species Treatment 3 h (Mean * SE, cm) 27 h (Mean * SE, cm)
A. swirskii Control 2.03 £ 0.17 2.15+0.19
Low risk 2.83+0.18 3.23 +0.17
Intermediate risk 324+ 0.18 3.02£0.21
High risk 3.49 +0.18 2.84 £0.18
N. californicus Control 2.62 £0.15 2.27+0.14
Low risk 3.07 £ 0.22 273 £0.18
Intermediate risk 255+ 0.22 2.27 £ 0.22
High risk 2.63 £0.22 227 1£0.23

Values are means = SE (n = 20). For _A. swirskii, the overall treatment effect at 3 h was significant (one-way ANOVA, F =
3.27,df = 3, P = 0.026), whereas no significant treatment effect was detected at 27 h (F = 2.09, df = 3, P = 0.108). According
to the original post-hoc analysis, the control and low-tisk treatments differed significantly at 3 h (Tukey's HSD, P < 0.05). No
significant treatment effect was detected for N. californicus.

Oviposition response

Predator-associated cues significantly affected oviposition by T. #rticae females, although responses
differed according to predator identity (Table 2). Exposure to A. swirskii-associated cues significantly
reduced egg production (one-way ANOVA: F = 8.86, df = 3, P < 0.001). Females exposed to the high-
risk treatment produced the lowest number of eggs (14.05 + 1.68 eggs female™), representing
approximately a 37% reduction compared with control females (22.25 + 1.06 eggs female™). Egg
production in the low-risk treatment (21.70 * 1.46 eggs female™") did not differ from the control

treatment, whereas females exposed to the intermediate-risk treatment produced significantly fewer eggs
(16.10 + 1.16 eggs female™).

Similarly, N. californicus-associated cues significantly affected oviposition (one-way ANOVA: F =
9.82, df = 3, P < 0.001). Control females produced significantly more eggs (22.25 + 1.18 eggs female™)
than females exposed to low-, intermediate-, and high-risk treatments (17.40 £ 1.87, 18.35 £ 2.36, and
13.90 £ 1.75 eggs female ', respectively). However, egg production did not differ significantly among the
three predator-associated risk treatments.

Table 2. Effects of predator-associated cues on oviposition by Tetranychus urticae.

Predator species Treatment Eggs laid by five females during 24 h (mean * SE)
A. swirskii Control 22251 1.06a
Low 2170 £ 146 a
Intermediate 16.10 £ 1.16 b
High 14.05 £ 1.68 b
ANOVA F =8.86, P < 0.001
N. californicus Control 2225+ 1.18a
Low 17.40 + 1.87 b
Intermediate 1835+ 2.36b
High 1390 £ 1.75 b
ANOVA F =9.82,P <0.001

Values are means & SE (n = 20). Within each predator species, means followed by different lowercase letters differ significantly
(Tukey's HSD, P < 0.05).

Effect of experimentally imposed prey spatial distribution on predator encounter dynamics
Experimentally imposed prey spatial arrangement did not significantly influence predator-prey

encounter frequency for either predatory mite species (Table 3). For A. swirskii, the mean number of

predator-prey encounters during the 120-min. observation period was 1.30 £ 0.33 in dispersed prey
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patches and 1.20 £ 0.53 in aggregated prey patches (t-test, P = 0.0606). For N. californicus, mean encounter
numbers were 0.70 £ 0.26 and 1.30 £ 0.21 in dispersed and aggregated prey distributions, respectively (t-
test, P = 0.370). Analysis of encounter occurrence at individual observation times using Mann-Whitney
U tests also revealed no significant differences between prey distributions for either predator species
throughout the observation period (all P > 0.05). Thus, under the forced-search conditions of this
independent assay, prey spatial arrangement alone did not alter short-term predator encounter frequency.

Predator patch choice

Predator responses to prey spatial organization differed between the two phytoseiid species (Table
4). For A. swirskii, predators showed a significant preference for aggregated prey patches. Sixteen of the
20 predators (80%) first entered the aggregated patch, whereas only four (20%) initially entered the
dispersed patch (two-sided exact binomial test, P = 0.013). Likewise, the first successful attack occurred
predominantly in the aggregated patch, with 18 predators (90%) initiating predation there compared with
only two (10%) in the dispersed patch (two-sided exact binomial test, P < 0.001).

Table 3. Effect of prey spatial distribution on predator-prey encounter frequency.

Predator species Dispersed prey Aggregated prey Statistical test P

Amblyseius swirskii 1.30 £ 0.33 1.20 £ 0.53 Independent 0.066
Sample t-test '

Neoseiulus californicus 0.70 £ 0.26 1.30 £0.21 Independent 0.370

sample t-test

Values are means = SE of predator—prey encounters recorded during the 120-min observation period.

Table 4. Initial patch choice and location of the first successful attack by predatory mites in relation to prey spatial distribution.

Pred . First patch entered First patch entered Exact First attack First attack B p
redator species (Aggregated) (Dispersed) P (Aggregated) (Dispersed) xact

Amblyseius 16 4 0.013 18 2 <0.001

swirskii

Neoseiulus 14 6 0.115 11 9 0.824

californicus

Exact two-sided binomial tests were performed assuming an expected probability of 0.5 for selection of either prey patch (n
= 20 independent predators per species).

In contrast, N. californicus showed no significant preference for either prey distribution. Fourteen
predators (70%) first entered the aggregated patch and six (30%) entered the dispersed patch, but this
difference was not statistically significant (two-sided exact binomial test, P = 0.115). Similarly, the location
of the first successful attack did not differ significantly between prey distributions, with 11 predators
initiating their first attack in the aggregated patch and nine in the dispersed patch (two-sided exact
binomial test, P = 0.824).

Overall, these findings indicate that 4. swirskii preferentially selected and initiated attacks within
aggregated prey patches, whereas N. californicus exhibited no significant preference for either prey
distribution.

DISCUSSION

Predator-associated cues induced multiple non-consumptive responses in 1. wrticae, but these
responses depended on predator identity and differed among traits. Exposure to A. swirskii cues
temporarily increased prey dispersion, whereas N. californicus cues had no detectable effect on spatial
organization. Cues from both predator species reduced oviposition, indicating that reproductive potential
was more broadly responsive to perceived predation risk than spatial behaviour. Importantly, the present
study did not directly test whether the spatial distribution induced by predator cues subsequently changed
predator behaviour. Instead, two separate experiments used experimentally imposed aggregated and
dispersed prey distributions to evaluate encounter frequency and patch choice.
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The transient increase in prey dispersion following exposure to A. swirskii cues suggests a flexible
adjustment to immediate perceived risk. The response disappeared by 27 h, consistent with a short-lived
behavioural adjustment. Such reversibility may reduce the costs of maintaining antipredator behaviour
when cues become less reliable. In contrast, reduced oviposition occurred in response to cues from both
predator species, indicating that reproductive potential may respond more consistently to perceived risk
than spatial organization. Spider mites are known to detect chemical residues deposited by phytoseiid
predators, including walking traces and faecal deposits, and use these cues to modify behaviour before
direct encounters occur (Grostal and Dicke 1999; Dicke and Grostal 2001). Our results extend these
observations by demonstrating that not all predator-associated cues elicit equivalent responses. The
absence of a significant behavioural response to N. californicus suggests that prey may discriminate among
predator species, presumably because predator cues differ in their reliability or because the two predators
represent different levels of perceived risk. Such selective responses are consistent with theoretical
expectations that prey should balance the benefits of predator avoidance against the costs of unnecessary
defensive behaviour (Ferrari ef al. 2009).

The findings of the independent prey-distribution experiments provide a more complex picture of
the relationship between prey spatial organization and predator responses. In the predator-encounter
experiment, experimentally imposed aggregation or dispersion of T. urticae did not significantly affect the
number of predator-prey encounters during the 120-min. observation period for either predator species.
For A. swirskii, mean encounter frequency was similar between dispersed and aggregated prey
distributions (1.30 £ 0.33 and 1.20 £ 0.53 encounters, respectively; P = 0.060). Likewise, for IN. californicus,
encounter frequency did not differ significantly between dispersed and aggregated prey distributions (0.70
+ 0.26 and 1.30 £ 0.21 encounters, respectively; P = 0.370). These results contrast with previous findings
suggesting that prey aggregation can reduce or delay predator encounters and attacks (Janssen ez 2/ 1998;
Dittmann and Schausberger 2017). One possible explanation is that the present encounter assay imposed
a relatively constrained searching environment and used experimentally fixed prey positions, potentially
limiting the extent to which predators could respond to prey spatial organization. In addition, the
relatively short observation period may have been insufficient to detect differences in cumulative
encounter frequency, particularly when encounter numbers were low.

In contrast, prey spatial distribution strongly influenced the initial patch choice of A. swirskii.
Sixteen of 20 predators first entered the aggregated prey patch, compared with four that first entered the
dispersed patch (P = 0.013). The preference was even stronger for the location of the first successful
attack, with 18 of 20 predators initiating their first attack in the aggregated patch (P < 0.001). Neoseiulus
californicus, however, showed no statistically significant preference: 14 predators first entered the
aggregated patch and six entered the dispersed patch (P = 0.115), while the first successful attack occurred
in the aggregated and dispersed patches in 11 and nine cases, respectively (P = 0.824). Thus, the two
predator species differed not only in their responses to predator-associated cues but also in their
responses to alternative prey distributions. Differences of this kind can arise when predators use spatial
information differently during initial searching and subsequent prey exploitation (Sabelis and Dicke 1985;
Stephens and Krebs 1980).

At first sight, the absence of an effect of prey distribution on encounter frequency but the strong
effect on patch choice may appear contradictory. However, these measurements capture different
components of predator behaviour. Encounter frequency quantified the total number of physical
predator-prey contacts during a forced-search assay, whereas patch choice measured the predator's initial
decision between two alternative prey patches. A predator may therefore show a strong preference for
entering an aggregated patch without producing a corresponding increase in the total number of
encounters over a subsequent observation period. In particular, the strong effect on first patch entry and
first attack by A. swirskii suggests that prey aggregation influenced the predator's initial spatial decision,
whereas it did not necessarily translate into a higher cumulative encounter rate once the predator was
searching within the arena. This distinction is consistent with the broader view that predator responses
to prey depend on the searching context and the stage of the foraging process (Sabelis and Dicke 1985;
McMurtry et al. 2013).
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Nevertheless, the magnitude and direction of these findings warrant careful consideration. Because
the encounter-dynamics and patch-choice experiments were independent experimental components, the
results should not be interpreted as a direct causal sequence in which cue-induced dispersion was
subsequently tested for its effect on predator encounters or patch selection. Furthermore, the apparent
discrepancy raises the possibility of an experimental, data-entry, or analytical error that cannot be
excluded from the present results. In particular, the raw observations, coding of aggregated versus
dispersed patches, definition of an encounter, timing of observations, and statistical calculations should
be rechecked to ensure that the two experiments were scored consistently and that no reversal or
transcription error occurred. This verification is especially important because the encounter assay and
patch-choice assay used different experimental arrangements and response variables. If the reported
results are confirmed, the discrepancy would suggest that prey spatial distribution affects different stages
of predator foraging behaviour in different ways rather than producing a uniform effect on predator-prey
interactions.

The contrasting responses of A. swirskii and IN. californicus may further reflect species-specific
foraging strategies and differences in prey-detection and prey-use behaviour (Janssen ez a/ 1998;
McMurtry ef al. 2013). Amblyseins swirskii showed a clear tendency to select and attack aggregated prey
patches, despite the absence of a significant difference in total encounter frequency. This pattern suggests
that aggregation may provide a detectable spatial target for this predator during the initial search phase.
By contrast, N. californicus did not show a significant preference for either prey arrangement, consistent
with its lack of response to predator-associated cues in the prey spatial-organization experiment.
Together, these findings indicate that prey spatial organization does not necessarily have a single
predictable effect on predator-prey encounter dynamics. Instead, its consequences may depend on
predator identity, the behavioural stage being measured, and the spatial constraints imposed by the
experimental arena.

Opverall, the present results suggest that predator-associated cues can induce short-lived changes in
prey dispersion, but such changes should not automatically be interpreted as reducing subsequent
predation risk. The independent prey-distribution experiments show that spatial arrangement may
influence predator decision-making at the patch-selection stage without necessarily altering the
cumulative number of predator-prey encounters. This distinction is important when linking non-
consumptive effects of predators on prey behaviour to their potential consequences for subsequent
predator foraging.

The data supporting the findings of this study are available from the corresponding author upon reasonable
request.

ACKNOWLEDGEMENTS

The authors would like to express their sincere appreciation to the University of Tehran for
providing laboratory facilities and financial and technical support throughout the course of this study.

Author contributions: Methodology and investigation: S.E.-R., S.M.; study design and supervision: A.Z.G., A.S,; data
curation and formal analysis: A.Z.G.; writing — original draft preparation: A.Z.G.; writing — review and editing: A.Z.G., A.S.,
M.M. All authors have read and agreed to the published version of the manuscript.

Funding: This research was supported by the University of Tehran through the provision of financial and technical support
and laboratory facilities.

Availability of data and materials: The data supporting the findings of this study are available from the corresponding
author upon reasonable request.

Ethics approval and consent to participate: This study only included arthropod material, and all required ethical guidelines
for the treatment and use of animals were strictly adhered to in accordance with international, national, and institutional
regulations. No human participants were involved in any studies conducted by the authors for this article.

Consent for publication: NA.
Competing interests: The authors declare no conflict of interest.

Generative Al statement: Generative Al (ChatGPT) was used solely for language editing and improvement of English

PREDATOR CUES AND PREY BEHAVIOUR IN T. URTICAE



10 | ESMAEILI-RAYAT ET AL. 2026

expression. The authors reviewed and approved all edited text and take full responsibility for the content of the manuscript.

REFERENCES

Dall, S.R.X., Giraldeau, L.-A., Olsson, O., McNamara, ].M. & Stephens, D.W. (2005) Information and
its use by animals in evolutionary ecology. Trends in Ecology & Evolution, 20: 187-193.
https://doi.org/10.1016/j.tree.2005.01.010

Dias, C.R., Bernardo, A.M.G., Mencalha, J., Freitas, C.W.C., Sarmento, R.A., Pallini, A. & Janssen, A.
(2016) Antipredator behaviours of a spider mite in response to cues of dangerous and harmless
predators. Experimental and Applied Acarology, 69: 263-276.
https://doi.org/10.1007 /s10493-016-0042-5

Dicke, M. & Grostal, P. (2001) Chemical detection of natural enemies by arthropods: an ecological
perspective. Annual Review of Ecology and Systematics, 32: 1-23.
https://doi.org/10.1146/annurev.ecolsys.32.081501.113951

Dittmann, L. & Schausberger, P. (2017) Adaptive aggregation by spider mites under predation risk.
Scientific Reports, 7: 10609. https://doi.org/10.1038/s41598-017-10819-8

Ferrari, M.C.O,, Sih, A. & Chivers, D.P. (2009) The paradox of risk allocation: a review and prospectus.
Abnimal Bebaviour, 78: 579-585. https://doi.org/10.1016/j.anbehav.2009.05.034

Grostal, P. & Dicke, M. (1999) Direct and indirect cues of predation risk influence behavior and
reproduction of prey: a case for acarine interactions. Bebavioral Ecology, 10: 422—427.
https://doi.org/10.1093 /beheco/10.4.422

Janssen, A., Pallini, A., Venzon, M. & Sabelis, M.W. (1998) Behaviour and indirect interactions in food
webs of plant-inhabiting arthropods. Experimental and Applied Acarology, 22: 497-521.
https://doi.org/10.1023/A:1006089924336

Kats, L.B. & Dill, L.M. (1998) The scent of death: chemosensory assessment of predation risk by prey
animals. Feoscience, 5: 361-394. https://doi.org/10.1080/11956860.1998.11682468

Lima, S.L. (1998) Nonlethal effects in the ecology of predator—prey interactions. BioScience, 48: 25-34.
https://doi.org/10.2307/1313225

Lima, S.L. & Dill, L.M. (1990) Behavioral decisions made under the risk of predation: a review and
prospectus. Canadian Journal of Zoology, 68: 619—640. https://doi.org/10.1139/290-092

McMurtry, J.A., de Moraes, G.J. & Sourassou, N.F. (2013) Revision of the lifestyles of phytoseiid mites
(Acari: Phytoseiidae) and implications for biological control strategies. Systematic and Applied
Acarology, 18: 297-320. https://doi.org/10.11158/saa.18.4.1

Sabelis, M.W. & Dicke, M. (1985) Long-range dispersal and searching behaviour. I: Helle, W. & Sabelis,
M. (Eds.), Spider mites, natural enemies and their control. Vol. 1B. Elsevier, Amsterdam, pp. 141-160.

Skaloudové, B., Zemek, R. & Kiivan, V. (2007) The effect of predation risk on an acarine system. Animal
Bebaviour, T4: 813—-821. https://doi.org/10.1016/j.anbehav.2007.02.005

Schmitz, O.]., Krivan, V. & Ovadia, O. (2004) Trophic cascades: the primacy of trait-mediated indirect
interactions. Ecology Letters, 7: 153—163. https://doi.org/10.1111/1.1461-0248.2003.00560.x

Stephens, D.W. & Krebs, J.R. (1986) Foraging Theory. Princeton University Press, Princeton, New Jersey,
247 pp.

PREDATOR CUES AND PREY BEHAVIOUR IN T. URTICAE



2026 PERSIAN JOURNAL OF ACAROLOGY B
&G Tetranychus urticae (Acari: Tetranychidae) lasdgd 5,0 gL ;5 doxb
35,13
T oo Lo | Y gomo Lw | 79 6 9m0 Loyl | ¥ SEULIS gual; 0313 | P sy s Loww! (59 i
<saboori@ut.ac.ir «3abedig@ut.ac.ir <esmailishaghayegh@yahoo.com Lod_olUL), ;J/))/ Z /.)/ ‘u/)eﬂ oL iy ;J)');L‘XJ/ s il :U_Lw);oL.f ) )f .)

hadasi@ut.ac.ir «mob, di.saba(@) ir

A5 T gl o e olSils ¢ gl 84S o Kol 05,5 ¥
Il s sipolisS gug i o ijsel sl lojlo oj9iS Sl polS i dusgo N

Jptuno bbiusgi
M.;Se LA zabedig@ut.ac.ir
5 ) il Cage KIS )ISS s (SR £85 Ogh WlFee SIS L hasye sl cdb
pasde jgim wimd e (LS 1) 6585 s agesly ol L &Sl (Jb ol 1595 IS5 )5 (s sla S VFe0 3laye YY
o Amblyseins swirskii \3igus 5,85 by 93 3 5,5 L e glalis gl imgh opl )0 Cung YR
sy Letranychus nrticae «51ads> 9,6 Uy Jioddos L8y o oUid m5e5 w0 Neoseinlus californicus VFed yo 500 VY
= 3585 cdm apalge Jde )i STy )3 5805 Lawgs 0adlal] ol puis LT 48 3945 oo e g o Sl
o g ) Ko inlej] zobaw Lo yme T articae Jb slwodlo .y b 3,38 o I (5,185 by gu ol 4 WWe0 e VY
> b ol i e T B IS e G b Bl 555 b ey ol | oo
2 S5 dgalse Jlgld (eSS (slatalof] )3 b ) (53555 e g Ll alold (1Sike Loils

A gy 5 il (la bl e 5 g gy B e g )8 0uiST 5 (xe28 ol
Casilis | agalge 53,8 sloul 555 L5584 dily 5 Cbo & tdly olognly 5K b L ye slasilis
356 N californicns slaailis o Jboyd i Celo ¥ 5l oy dosbs S8y Boe a3l o go A. swirskii
il cage (gl ine sbas TS 4sS 95 pa el ¢ blis ) Sl S 2lad @i 2 )Pixe
&9 )8y Sy cpl d92g b gy gad lad s VL gshaw )3 il cpl g $a8 5S35 e
SIS 65 93 5l S (sl K 5SS daerle (Slold 1 (gl el alol bl o IS5 ol
ly 365 slaalas g 5,5 bl |y mes )15 (s (lage (v i yobas A smiirskii (Jlcplb sl b
opl Dl s K lage slp ) xe ey ga N. californicus oS Jop )8 el lagy opl 55 5
i SIS L st ol S oy L) 51505 o o038 55, iyl o sin3 o ol ol
G55 4ty & Seeriuer sl punl) 5 )5 slagoly (e (Sem 4 o BUdps: (slatoly Sl 255 00

Db (S 5,85

ok Sl oS lulis wgisd cblm lels slalp (o Spmue i3, 1S B3l

Esmaeili-Rayat, S., Zahedi Golpayegani, A., Saboori, A., Mohammadi, S. & Moghaddasi, M.
(2026) Predator-associated cues modify prey behaviour but not predator encounter
dynamics in Tetranychus urticae (Acari: Tetranychidae). Persian Journal of Acarology, 15(4):
150407.
https://doi.org/10.22073 /pja.150407

PREDATOR CUES AND PREY BEHAVIOUR IN T. URTICAE



	ABSTRACT
	INTRODUCTION
	MATERIAL AND METHODS
	RESULTS
	DISCUSSION
	ACKNOWLEDGEMENTS
	REFERENCES



