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ABSTRACT
Numerous predators prey on herbivorous arthropods, and some prey species have evolved counter-
attacks against predators (predator–prey reversal). Counterattacks often entail a lethal cost but increase 
the fitness of the attacking individuals and their nearby relatives. Spider mites (Acari: Tetranychidae) live 
on leaf surfaces, and some live in aggregations with relatives in a web nest. Counterattacks have been 
studied in Stigmaeopsis species, but have rarely been studied in other web-nesting species. We inves-
tigated counterattacks against predatory thrips, Scolothrips takahashii Priesner, by Schizotetranychus 
brevisetosus Ehara, which inhabits Quercus glauca L. (Fagaceae). Here, thrips nymphs introduced onto 
a mite-infested piece of leaf quickly entered the nest but were driven out by females using their stylets. 
However, in another experiment, we could not find a difference between treatments (10 adult females 
per leaf or none per leaf) in the number of eggs consumed at 48 h, probably because the thrips 
repeatedly re-entered the nest. Additionally, we did not detect a significant effect of web presence on 
predation. Although the defensive effect is undetectable, this study shows that S. brevisetosus counter-
attacks occur both inside and outside the nest, and the latter especially is the first report of such 
behaviour in Acari.

ARTICLE HISTORY 
Received 15 December 2021  
Accepted 10 March 2022  
Published online 12 April 
2022 

KEYWORDS 
Altruistic behaviour; 
predator–prey reversal; 
Scolothrips takahashii; 
sociality; web nest

Introduction

Herbivores are preyed on by predators, and they have accordingly 
evolved numerous behavioural antipredator strategies (Lima and 
Dill 1990; Humphreys and Ruxton 2019). One of these strategies is 
counterattack against predators, which, in arthropods, frequently 
occurs when the predators are young instars and have smaller 
bodies than the prey species. In this situation, the roles of predator 
and prey reverse during the herbivore’s life history, and various 
interactions of this type in the arthropod community have been 
documented (see below). Such behaviours may affect the stability 
and dynamics of the predator–prey system (Prasad and Prasad 
2019; Kaushik and Banerjee 2021). A counterattack occasionally 
entails a risk of being killed. However, it may directly increase the 
fitness of the attacking individuals themselves (a direct benefit) 
and, in group-living species, of their relatives nearby (an indirect 
benefit). Such attacks involving risk are associated with social 
evolution that incorporates caste differentiation; for instance, 
they may eventually lead to the development of a sterile soldier 
caste (Foster et al. 2006; Saito 2010). However, studies have been 
limited to a few taxa, such as gall-forming aphids (Aoki 1978; Aoki 
and Kurosu 1986; Uematsu et al. 2013), lepidopteran larvae 
(Sugiura 2010), bugs (Hokyo and Kawauchi 1975), and thrips 
(Morris et al. 1999) specifically interacting with predatory mites 
(Faraji et al. 2001; Janssen et al. 2003; Magalhães et al. 2005; Choh 
et al. 2012, 2014; de Almeida and Janssen 2013; Vangansbeke et al. 
2014).

Spider mites (Acari: Tetranychidae) live on the leaf surface and 
feed on leaf fluids to develop and reproduce. Researchers have 
reported various antipredator strategies (e.g. Magalhães et al. 
2002; Yano and Osakabe 2009; Ferrari and Schausberger 2013), 
but these have been primarily associated with webs, which reduce 
predation risks in various ways (Oku et al. 2003; Horita et al. 2004; 
Lemos et al. 2010; Otsuki and Yano 2014). However, mites possess 
stylets, which they use to penetrate the leaf surface, and this organ 
can also be used to attack predators. Such counterattacks have 
been reported almost solely in Stigmaeopsis species, which live in 

aggregations with close relatives in elaborately woven silk nests in 
depressions on the host leaf surface or alongside leaf veins (Saito 
1977, 1983; Saito and Takahashi 1982). Stigmaeopsis longus (Saito) 
live on Sasa bamboo leaves in large nests, where several genera-
tions overlap (Saito 2010). Adult attendants increase offspring 
survivorship by driving out or killing phytoseiid larvae that invade 
the nest (Saito 1986; Mori et al. 1999; Mori and Saito 2004). Similar 
behaviours have been reported in Schizotetranychus miscanthi 
(Saito) and Schizotetranychus sabelisi (Saito et Sato – formerly 
referred to as the S. miscanthi HG and LW, i.e. high and low 
aggression, forms; Saito et al. 2018), species that live on Chinese 
silver grass (Saito et al. 2011; Yano et al. 2011). Furthermore, adults 
of Schizotetranychus nanjingensis (Ma et Yuan) living on Moso 
bamboo lock out phytoseiid mites and starve them by closing 
the web entrance using numerous silk threads if these predators 
enter the nest (Saito and Zhang 2017). These behaviours are some-
what risky because encountering older predators sometimes 
results in being killed (Y. Saito, personal communication). 
Nevertheless, such risky counterattack behaviour may be pre-
served due to moderate or high relatedness among colony mem-
bers, which occurs as a result of inbreeding over many generations 
(Saito and Takada 2009; Saito 2010; Sato et al. 2013). If relatedness 
is truly a critical factor, similar counterattack behaviours are likely 
to evolve in other web-nesting (WN) species with similar life cycles.

Schizotetranychus brevisetosus Ehara (Acari: Tetranychidae) lives 
on the evergreen oak Quercus glauca L. (Fagaceae) (Ehara 1989). 
Based on molecular phylogenetic analyses, this species is likely to 
have acquired the WN lifestyle independent of Stigmaeopsis species 
(Sakagami 2002; Sakagami et al. 2009; Matsuda et al. 2014, 2018; 
Sakamoto et al. 2017). We recently found that S. brevisetosus adults 
and nymphs kill the larvae of the predatory midge Feltiella acarisuga 
(Vallot) and search for this prey outside of their nest (Ito 2019), which 
was a novel finding indicating that counterattacks occur even out-
side the nest. Thus, only predators bypassing web protection and 
avoiding mite attacks can prey on S. brevisetosus. Field surveys 
revealed that the most abundant predators were Holobus rove 
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beetles (Coleoptera: Staphylinidae) (38%, n = 129) followed by 
Anystis mites (Acari: Anystidae) dwelling on the leaf surface (26%), 
while phytoseiid mites, which are common predators of spider 
mites, only represented 15% of predators in the field survey, with 
other common predators represented at much lower levels (Ito 
2020). These results suggest that webs and counterattacks may 
affect the predatory fauna. However, the previously recorded coun-
terattacks were against midge larvae, which are slow moving and 
have soft cuticles that S. brevisetosus individuals can easily pierce 
with their stylets. Whether S. brevisetosus can repel other predators 
has not yet been determined.

This study evaluated the effects of counterattacks by 
S. brevisetosus adult females on nymphs of the thrips species 
Scolothrips takahashii Priesner, which invades the web to pre-
date a large number of tetranychid individuals at various life 
stages (Kishimoto 2003; Kishimoto and Adachi 2008). We 
observed the occurrence of adult female counterattacks 
against the thrips. Next, we experimentally introduced the 
thrips in the presence or absence of S. brevisetosus females 
and webs and evaluated the defensive effects of each factor 
(measured by the number of eggs consumed by the thrips). 
Based on the results, we then discuss the antipredator strat-
egy of S. brevisetosus.

Materials and methods

Mites and thrips

The experimental population of S. brevisetosus was derived 
from 30 adult females collected from a colony on the 
Q. glauca trees at the Kochi Prefectural Forestry Technology 
Research Centre in Tosayamada, Kami, Kochi Prefecture 
(33.633°N, 133.708°E; WGS84) on 27 November 2018. Mites 
were reared on detached Q. glauca leaves with the abaxial 
surface facing upwards. The leaves were placed on water- 
soaked cotton pads in plastic dishes with internal dimensions 
91.3 × 38.2 mm (Insect Breeding Dish; SPL Life Sciences, 
Gyeonggi-do, Korea). The leaf edge was entirely covered 
with pieces of Kimwipe (Kimberly Clark, Roswell, GA, USA) to 
prevent escape. Leaves were replaced every 2–3 weeks by 
cutting sections from the old leaves and placing them on 
new leaves. The cultures were maintained under a 15:9 h 
light:dark photocycle at 25 ± 0.5°C, 60% relative humidity in 
a plant-growth chamber (LPH-240S; NK System, Osaka, Japan). 
These conditions were consistent in the following 
experiments.

Ten Sc. takahashii individuals, as well as Tetranychus mites 
that would serve as prey, were collected from wild strawberry 
plants in a greenhouse at the Monobe Campus of Kochi 
University on 27 February 2019. Wet cotton pads were spread 
in plastic food-storage containers (external dimensions approxi-
mately 230 mm [W] × 150 mm [L] × 80 mm [H]), and four leaves 
of kidney bean (Phaseolus vulgaris L., Fabaceae) already infested 
with Tetranychus mites were arrayed on these pads. Several 
thrips were introduced to each leaf, and newly emerged nymphs 
were transferred to new containers. A few thrips collected from 
the same site were added each month to avoid inbreeding 
depression.

Experiment I. Reaction to thrips

A 3 cm × 3 cm piece of a leaf, cut using a razor blade, was placed 
on wet cotton pads in a plastic dish. Fifteen adult females ran-
domly sampled from the culture were introduced to this leaf using 
a fine brush, and these females began nest construction and 
oviposition. After 48 h, three first-instar Sc. takahashii nymphs 
(about 500 μm in body length) from the culture were introduced 
at the margin of the piece of leaf (a starvation period was not 
provided beforehand). The behaviour of the mites was recorded 

using a NEX-VG20 video camera (Sony, Tokyo, Japan) for 6 min 
after the thrips entered the nest to investigate the behaviour of 
S. brevisetosus females when they encounter thrips.

Experiment II. Defensive effects of the web and adults

Five adult S. brevisetosus females randomly collected from the 
culture were introduced to a piece of Q. glauca leaf (2 cm × 
2 cm) in a plastic dish and allowed to oviposit for 48 h. The leaf 
was assigned to one of six treatments in which the thrips, mites, 
and webs were each either present or absent (Table 1). In treat-
ment A (the positive control), females were present and webs were 
intact, while in treatments B, C, E, and F, the females were driven 
out of the nest and removed from the leaf using a fine brush. The 
webs in C and F were also removed using a brush. Although the 
females sometimes split the nest across several locations, several 
females always attended eggs in each of these nests.

In treatments A–C, a single first-instar thrips nymph randomly 
collected from the culture was introduced on the margin of the 
leaf surface. No starvation period was provided beforehand. The 
number of eggs remaining on the leaf was counted 3, 6, 12, and 
24 h after thrips introduction. The number of replicates was 12–17 
(Table 1). It was not possible to simultaneously prepare a sufficient 
number of thrips to run this procedure at the same time for all 
replicates, so the treatments proceeded in parallel over several 
days. Experiments in which thrips died, moulted, or escaped from 
the leaf were excluded from the analysis.

Unfortunately, we do not have the data on the initial numbers of 
eggs (0 h), but the thrips seldom consumed all eggs within 24 h (see 
Results). To provide supplemental information, we collected 
a population in Sakagawa (3 km away from the previous site) on 
13 October 2021, when summer eggs were being produced (Ito and 
Yamanishi 2019). On the next day, five females were placed on 
Q. glauca leaf pieces (n = 16) and allowed to oviposit for 48 h under 
the same conditions as in the initial experiments. The number of eggs 
deposited on each leaf was recorded and the mean and SD were 
calculated.

Analysis
A repeated measures ANOVA was used to estimate the effect of 
treatment on the number of eggs consumed. The statistical model 
included the treatment and time elapsed as the fixed factors, and the 
variation in individual response with time as the random variable. 
We used the random intercept model (Pinheiro and Bates 2000) 
since we were unable to use the random slope model because of 
the missing values. The data from treatments in which no eggs were 
consumed in 48 h were excluded. The restricted maximum likelihood 
method (REML) was used for parameter estimation. Analyses were 
conducted using lmer in the lme4 library in R version 4.1.1 (R Core 
Team 2021). The ANOVA assumptions of homogeneity of variance 
and normal distribution at each measurement time were tested 
using Levene’s and Shapiro’s tests, respectively (Zar 2010). 
Although the violation of the assumption of equal variance may 

Table 1. The experimental conditions in Experiment II. Asterisks indicate the 
presence of a factor. Thrips were introduced in treatments A–C. Female mites 
were removed, except in treatments A and D, and the web was removed in 
treatments C and F. The web-removal treatment cannot be applied separately 
from female removal because the females would escape. Column “n” gives the 
number of replicates.

Treatment Thrips Web Adult females n

A * * * 17
B * * Removed 15
C * Removed Removed 14
D Not introduced * * 16
E Not introduced * Removed 12
F Not introduced Removed Removed 12
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lead to an erroneous detection of difference, this bias is not sub-
stantial unless the statistics for the two groups are very different, and 
this also applies to the normality assumption (Sokal and Rohlf 2012).

The average number of eggs consumed (numbers lost from the 
initial) was compared among pairs of treatments using Tukey’s 
honestly significant difference (HSD) test. The number of eggs 
consumed in treatment A (which was subject to both oviposition 
and predation) was indirectly estimated by subtracting the aver-
age number in D (oviposition only) from A (Table 1). Thus, the 
mean and standard deviation in A were estimated as 

cmA ¼ mA � mD 

and 

dSDA ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

SD2
A þ SD2

D

q

according to the law of error propagation. The degrees of freedom 
were calculated using the Satterswaite equation (Zar 2010).

Results

Experiment I. Reaction to thrips

In one experiment, two out of three thrips entered a nest with 21 
eggs and 14 attending females immediately after they were intro-
duced to the leaf (the other thrips was inactive and was therefore 
ignored). After their intrusion, one mite encountered one of the 
thrips, and began to run fiercely in the nest. This mite rushed at 
other females, and they also began to scurry, which then stimu-
lated others, one by one (like a chain reaction). At 5 min after the 
thrips invasion, a female grasped the abdominal tip of one of the 
thrips with her first pair of legs, and thrust at it with her rostrum 
(Figure 1), and the thrips crawled towards the edge of the nest and 
eventually escaped. A short video showing this behaviour with the 
name “spider mites attack predatory thrips” is available in the 
Movie Archives of Animal Behaviour (Ito 2021). Another female 
drove a feeding thrips out of the nest by repeatedly rushing at it. 
After the two thrips had escaped, two of the mites went outside 
the nest. They crawled on the leaf surface in a manner similar to 
the patrolling behaviour seen in Stigmaeopsis (Saito 1986), except 
that this S. brevisetosus behaviour took place outside the nest.

Experiment II. Defensive effects of web and adults

The change in the number of eggs on each piece of leaf is illustrated 
in Figure 2, although the data from treatments E and F were 
excluded because no eggs were consumed. Throughout the period, 
the average number of eggs in treatment A fluctuated, because 

both oviposition and predation occurred (−2.56 ± 3.60, mean ± 
SD, n = 16). The number in B and C declined monotonically due to 
predation, falling to −7.75 ± 3.44 (n = 12) and −9.33 ± 4.72 (n = 12) at 
24 h, respectively. The number of eggs in D increased as (a result of 
oviposition) to 4.81 ± 1.60 (n = 16). The changes in the average 
number of eggs in B–D were almost linear and did not appear to 
reach a plateau (Figure 2), although the data from two replicates of 
treatment C, in which individual thrips fed well, appear as outliers in 
terms of the plot of residual deviance. The estimated number of 
eggs consumed in each treatment at 24 h is illustrated in Figure 3.

Table 2 shows the summary of the repeated measures ANOVA. 
Both fixed effects and their interaction were significant (P < 0.05). 
The significance of time suggested that the overall number of eggs 
changed with time, and that of the interaction shows that these 
time responses differed among treatments. There was consider-
able variance among individuals (random effects for individuals: 
0.8783.

The pairwise comparisons of numbers of eggs consumed at 
24 h are summarized in Table 3. The null hypothesis that the 
variance of the data from the four treatments at 24 h was homo-
geneous was not rejected (F3,52 = 2.252, P = 0.093, Levene’s test), 
and the assumption of normal distribution was not rejected for any 
treatment (P > 0.05, Shapiro’s test). These assumptions were not 
supported for any of the treatment pairs before 12 h, however 
(P < 0.05 for both tests), although the differences between A and 
B and between A and C at 3 h were significant when this violation 
was ignored (P < 0.05). The remaining pairwise comparisons were 
not significant. The average number of eggs consumed at 24 h in 
treatments A, B, and C is shown in Figure 3. These values ranged 
from 7.4 to 9.3 eggs, and did not differ significantly between any 
pair of treatments (P > 0.05, Tukey’s HSD test).

In the supplemental experiment, five females from the 
Sakagawa population produced 15.1 ± 4.4 (n = 16) eggs in 48 h, 
which was significantly lower than the mean number of eggs 
consumed in treatments B and C (P < 0.001 for each).

Discussion

Counterattacks have profound effects on predator–prey interactions 
(Prasad and Prasad 2019; Kaushik and Banerjee 2021). This beha-
viour certainly entails a cost (potentially being killed by large pre-
dators), but at the same time, Stigmaeopsis attacks on phytoseiid 
mites increase the survival of their eggs (Yano et al. 2011). Thus, 
counterattacks are altruistic and self-defensive (Saito 2010, see 
Chapter 4.4 specifically). Kin selection theory predicts that altruistic 
behaviour is likely to evolve in species in which closely related 
individuals live together, although relatedness is not the sole factor 
(Queller 1992). Previous studies have reported that several 

Figure 1. An S. brevisetosus female capturing a predatory thrips (Scolothrips takahashii) entering the nest. A video frame and the associated structural drawing, 
providing greater detail. The details were supplemented from behavioural observations and do not coincide precisely with the video frame.
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Stigmaeopsis species counterattack phytoseiid larvae that enter their 
nests (Saito 2010), but whether they attack larger insect predators 
was uncertain. Here, we focused on the counterattack behaviour of 
S. brevisetosus, which makes discrete nests in which siblings live 
together (Masuda et al. 2015; Tamura and Ito 2017; Ito and 
Yamanishi 2019; Oda and Ito 2021). The current study has shown 
that adult females counterattack thrips entering the nest, and it thus 
indicates that counterattacks are not limited to midge larvae search-
ing for prey outside the nest (Ito 2019). In other words, adult females 
(at least) attack predators inside and outside the nest. This type of 
attack, which took place in a wide range of locations on the host leaf, 
is the first such finding for Tetranychidae and even Acari.

The thrips quickly entered the nest via the nest entrances at the 
corners of the web. In Experiment I, S. brevisetosus females repelled 
the thrips by pushing them using their rostrums, and this reaction 
occurred only after the thrips were encountered. Therefore, physical 
contact was necessary to evoke this type of attack. The thrips were 
captured using the front legs, similarly to the behaviour documented 

Figure 2. Changes in numbers of eggs in treatments A–D. Lines of different types indicate the changes in individual numbers of eggs in the presence (A–C) or absence 
(D) of Sc. takahashii. Data from treatments E and F are omitted because numbers of eggs did not change. There are gaps in some lines because of missing values.

Figure 3. Predation of eggs by Sc. takahashii at 24 h (see also Table 2). The 
treatments were A, no manipulation; B, female removal; and C, female and web 
removal (Table 1). There were no significant differences between any pairs of 
treatments (Tukey’s HSD test, P > 0.05).

Table 2. Summary of fixed and random effects in the repeated measures ANOVA. 
The values were estimated using type III sums of squares. A total of 234 
observations were recorded for n = 62 thrips.

Source Variance F df df.res* P

Fixed effects
Treatment – 78.917 3 57.921 < 0.001
Time – 32.475 3 164.368 < 0.001
Interaction – 21.696 9 164.097 < 0.001
Random effects
Individual (intercept) 0.8783 – – – –
Residuals 3.9333 – – – –

*Kenward–Roger degrees of freedom of residuals

Table 3. Pairwise differences between the average numbers of eggs consumed. 
Letters in the lefthand columns indicate the treatment pair. Asterisks in the 3 h 
“Diff.” column indicate significant differences (Tukey’s HSD test, P < 0.05).

Pair

Time

3 h 6 h

Group 1 Group 2 Diff. SE df†† Diff. SE df††

A† B 1.276* 0.504 29 1.112 0.618 30

A† C 1.139* 0.556 23 0.933 0.711 21
B C −0.137 0.605 24 −0.178 0.760 22

Pair 12 h 24 h

Group 1 Group 2 Diff. SE df†† Diff. SE df††

A† B 0.161 0.885 33 0.375 1.398 28
A† C 1.172 0.898 33 1.958 1.680 22
B C 1.010 0.678 24 1.583 1.685 20

†Estimated from the numbers of eggs in treatments A and D (see text). 
††Calculated using the Satterthwaite equation (Zar 2010).
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in their attacks on F. acarisuga larvae (Ito 2019). Notably, two females 
went outside the nest and wandered around the nest as if patrolling 
on the leaf surface. They may search for and attack predators outside, 
and, if so, the efficiency of these behaviours in defence of other 
colony members should be investigated further. The intensity of the 
counterattack may primarily affect the predator composition on the 
leaf surface and predator–prey interactions (Ito 2020).

These attacking behaviours were similar to Stigmaeopsis beha-
viours in which adults drive out or kill larval phytoseiid mites (Saito 
1986; Mori and Saito 2005; Saito et al. 2011; Yano et al. 2011). Saito 
(1986) divided the counterattacking behaviours of S. longus into 
several categories, including the following: capturing, where an 
adult nest owner captures the intruder with its front legs and 
pushes its mouthparts against its body; direct pursuit, where the 
owner chases after the intruder; repeated jabbing, where the owner 
thrusts out its front legs and repeatedly dashes its body against the 
intruder; beating, where the owner raises its first pair of legs and 
hits the intruder; and mounting, where male owners mount the 
intruder’s back. These behaviours are performed chiefly by males, 
but females also exhibit them (Saito 1986; Mori and Saito 2005).

The S. brevisetosus counterattack is similar in that adult females 
captured the abdomen of the thrips and pursued the thrips out-
ward, but we did not observe behaviours in the categories jabbing, 
beating, or mounting. A remarkable difference is the place where 
these attacks occurred. The counterattack of Stigmaeopsis takes 
place in the nest. The Stigmaeopsis nest is densely woven and 
tube-like, located along the midrib or leaf edges, with small oppos-
ing entrances. The defensive effects are more conspicuous in 
species with smaller nests, such as Stigmaeopsis takahashii (Saito 
et Mori) and Stigmaeopsis saharai (Saito et Mori) on Sasa bamboo, 
although these species seldom counterattack (Mori and Saito 
2005). In contrast, the S. brevisetosus nest is sparsely woven, and 
tiny pores are distributed throughout the web (Ito 2020). These 
holes may make it easier for large predators to gain access to the 
nest, so the predation risk may be higher for S. brevisetosus than for 
Stigmaeopsis species. Instead, counterattack is conducted in a wide 
range of locations, which presumably reduces the density of pre-
dators on the leaf surface. In brief, the counterattack of 
S. brevisetosus is an alternative antipredator strategy that evolved 
independently within the WN type of mites.

Despite the apparent defensive effect of the counterattacks, we 
found no significant difference in predation rates in Experiment II 
(Figure 3, Table 3), although the indirect estimation method 
adopted here may have decreased the detection power in A and 
other treatments. The number of lost eggs increased linearly with 
time elapsed in all treatments, but a significant difference was 
observed in only one of the pairwise comparisons at 3 h.

No significant difference was found between treatments at 
any observation time (Table 3). The number of eggs consumed 
appeared to be smaller than those reported for T. urticae 
(Kishimoto 2003), probably because the first-instar predators 
found it difficult to break through the tough eggshell of 
S. brevisetosus (Ito and Yamanishi 2019). Our additional experi-
ments suggested that sufficient eggs were available from the 
outset of each trial, so the possibility of the thrips consuming 
all the eggs in 24 h appears unlikely. In fact, the average number 
of eggs consumed in treatments B and C increased linearly, 
suggesting that the presence of fewer eggs at the outset is 
unlikely to have affected the results. A possible reason for the 
lack of a significant difference between A and the other treat-
ments (that is, the effect of female attendance) may be the small 
size of the leaf arena, since thrips that had been previously 
repelled re-entered the nest repeatedly. This situation is different 
from the field environment, where repelled thrips can migrate to 
another patch of spider mites. Furthermore, the nest shape and 
oviposition sites of S. brevisetosus may be related to the results. 
The S. brevisetosus nest is located at the juncture of the midrib 
and another vein and forms in a fan shape, which thrips find it 
easy to enter. Inside the nest, the feeding area (leaf surface) and 

oviposition sites (along the veins) are usually different (K. Ito, 
personal observation), so that females only find predators feed-
ing on eggs when they encounter them accidentally. This situa-
tion may reduce the encounter frequency and therefore also the 
counterattack frequency. Furthermore, we could not find an 
effect of the webs on predation (no significant difference 
between B and C), unlike several findings previously reported 
for spider mites (Gerson 1985). This is because the thrips entered 
the nest easily, since the entrance openings were of a suitable 
size for them.

Although the phylogeny of spider mites is not yet fully 
resolved, Stigmaeopsis is certainly monophyletic (Sakagami et al. 
2009; Matsuda et al. 2014, 2018; Sakamoto et al. 2017), and 
S. brevisetosus is distal from the Stigmaeopsis clade (Matsuda 
et al. 2014, 2018). Therefore, this counterattack behaviour has 
certainly been independently acquired during the phylogenetic 
evolution of spider mites. Currently, only WN species have been 
found to possess counterattack behaviours, and in these species, 
in terms of theoretical perspectives, kin selection is likely to oper-
ate strongly (Crozier 1985; Saito 1994, 2010), although the evi-
dence for this notion is still scarce. The coevolutionary 
relationship between a herbivore’s lifestyle and its counterattack 
behaviour has recently garnered attention (Janssen et al. 2003; de 
Almeida and Janssen 2013) and should be clarified with the aid of 
molecular phylogenetic analyses.
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