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Abstract

Orb-weaving spiders often use their legs to briefly jerk the radii of the web, generating intense vibrations throughout the
web. Several functions have been proposed for this behaviour, but there is a lack of empirical evidence. In this study,
we conducted a series of experiments on Cyclosa argenteoalba to examine the function and adaptive significance of
spider jerks in the context of interactions with prey. First, we used within-individual, inter-individual, and interspecific
comparisons (in three co-occurring Cyclosa sp.) to test whether the relation between prey and spider size predict the
frequency of jerks that the spider performs. Second, we examined whether jerks prevent prey from escaping the web,
whether jerks entangled more spiral threads around the prey, and how prey size affected this result. We found that spiders
jerked more as the prey size increased and as spider size decreased. Jerking behaviour reduced the probability of prey
escaping from the web and increased the number of spiral threads contacting the prey. The jerk efficiency (the number
of additional spiral threads contacted per jerk) was lower in larger prey, which potentially explains why spiders jerk
more towards larger prey. Collectively, our results highlight size dependency in the performance of jerks and their role
in prey capture.

Significance statements

Many orb-weaving spiders show a behaviour that pulls the radii of the web intensively using their legs towards their prey,
called jerks. Though this behaviour is common and has been recognised for many decades, the function and their adaptive
significance have been surprisingly understudied. Using a series of experiments, we demonstrate that jerks help spiders pre-
vent prey escape and subdue prey by entangling additional spiral (sticky) threads around the prey. We further show that the
performance of jerks is size-dependent: spiders jerk more (1) as their size decreases and (2) as prey size increases. Further
in-depth analysis suggests that the observed size-dependent jerks seem to be related to spiders’ cautiousness and/or reduced
jerk efficiency towards larger prey.
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Introduction

Trap-building behaviour is one of the most extraordinary
prey capture strategies of predators that have captured
biologists’ attention for a long time (Curio 1976; Dawkins
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they dug (Biisse et al. 2021). Likewise, many orb-weaving
spiders have bright body colouration or decorations that help
lure other insects (Oxford and Gillespie 1998; Cheng et al.
2010; Peng et al; 2020). While predatory traps are taxonomi-
cally uncommon (Hansell 2005; Ruxton and Hansell 2009),
there is a group of animals that can be easily found in most
of the world and are well-recognised for their trap-building
behaviour: spiders (Scharf et al. 2011; Riechert and Luczak
2014; Eberhard 2020).

The spider orb webs capture flying insects in midflight
and have at least three functions: interception, stopping,
and retention of prey (Eberhard 1990, 2020; Sensenig et al.
2012). Like many other trap-building predators, spiders
actively interact with the webs to increase prey capture effi-
ciency (Olive 1980; Herberstein 2011). For example, while
waiting for prey, some spiders adjust the tension of the web
radii to increase prey detection sensitivity (Watanabe 2000;
Nakata 2010) or focus their attention on specific directions
of the web that have a higher probability of prey capture
(Nakata 2013). Some spiders can discriminate prey types
and abandon unprofitable prey (Uetz and Hartsock 1987,
Pasquet and Leborgne 1990; Zschokke et al. 2006) or pull
the prey closer by rolling up the threads (a behaviour called
reeling) (Penna-Gongalves et al. 2008; Knight 2019; Rao
et al. 2019). One of the spiders’ prey capture behaviour that
is widespread but has received little attention is jerks.

Jerks (also called plucks) describe spiders’ behaviour
that pulls the radii towards its body using the legs, thereby
generating vibrant fluctuations on the web. Jerks are used
under various situations, including during courtship (Tarsi-
tano and Kirchner 2001), intraspecific communication (Witt
and Rovner 2014), web construction (Eberhard 1973), and
prey capture (Robinson and Olazarri 1971; Lubin 1980).
Especially, predatory use of jerks can be described in the
following way. Once prey is caught on the web, the spider
orients itself towards the prey, then shakes the radii vigor-
ously before making direct contact. There have been several
hypotheses put forward on the function of jerks. McCook
(1889) first suggested that jerking is a means of determin-
ing whether objects caught in the web are alive. Robinson
and Olazarri (1971) further speculated that jerks help spi-
ders locate prey. For example, some spiders almost always
approach the prey immediately when the prey is making
struggling vibrations. However, when prey show little or no
movement, spiders jerk which induces struggling in motion-
less prey, enabling the spider to locate the prey (Robinson
and Mirick 1971; Lubin 1980). These spider behaviours sug-
gest that jerks may function to locate prey that are caught
on the web.

Another function of jerks is preventing prey from escap-
ing and subduing it. The interception of prey on the web does
not always mean that it is a ready-to-eat meal. For instance,
some prey species escape from the web using standardised
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behavioural sequences for escaping (Nentwig 1982; Masters
and Eisner 1990). Jerks might disrupt the escape behaviours
and decrease its chance by shaking the web vigorously and
entangling more spiral threads. In addition, or alternatively,
jerks may help spiders avoid potential threats by dangerous
prey. Predatory species can pose a severe risk to spiders,
even when caught on the web (Olive 1980; Tsai and Pekar
2019); thus, behavioural strategies that suppress the prey’s
movements reduce such risks. Jerks may be used in this con-
text because the swaying of webs would adhere more spiral
threads around the prey, reducing the chance of potentially
dangerous movement of prey. However, this prey-subduing
hypothesis has never been formally tested.

In this study, we conducted a series of experiments to
tackle key unanswered questions regarding the function and
adaptive significance of jerks using Cyclosa argenteoalba
(Araneae: Araneidae) as a model system. First, we tested
whether jerks prevent prey from escaping by comparing prey
escape chances between spider-present and spider-absent
webs. Second, we examined whether spiders perform more
jerks towards potentially more threatening prey. Given that
larger prey generally pose a greater threat than smaller prey
(Mukherjee and Heithaus 2013), we predicted that spiders
perform more jerks towards larger prey than smaller ones.
We conducted within-, inter-individual, and interspecific
(using three co-occurring Cyclosa sp.) comparisons to
identify whether prey and spider size affect their decision
regarding how many jerks they perform before making
direct contact. We analysed the spiders’ behaviours in vari-
ous ways, including comparing the approaching time (time
from when spiders started responding to prey capture) and
jerk efficiency (the number of additional spiral threads that
became entangled per jerk) to explain variations in spider
behaviours towards differently sized prey.

Methods

No ethics approval was required for research on inverte-
brates. We adhered to the guidelines for the treatment of
animals in behavioural research (Buchanan et al. 2012).

Prey capture behaviour and general experimental
procedure

We studied C. argenteoalba females to test our hypotheses.
C. argenteoalba is a small (5-7 mm long) diurnal orb-weaver
that is distributed in East Asia and adjacent Russia. When
prey is caught on the web, C. argenteoalba jerks en route to
the prey at various locations (video S1). The captured prey is
either brought to the hub or left in the captured area.

In all experiments, we first located mature females along
a walking path and gently put a live insect on the web. We
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used various insects as prey depending on the hypothesis
we tested (see below). Once we located a spider, we held
each prey with tweezers and carefully hung it near the left
or right outermost spiral threads of the prey capture area to
give best chance of observing the jerk behaviour. Prior test-
ings suggested that the distance between the hub and prey
affects the number of jerks performed by spiders (Fig. S1).
However, controlling for the absolute distance from the hub
to prey was practically impossible because the size of the
webs differed substantially among spiders. We acknowledge
that our way of putting prey on the web differs from how
prey will be intercepted in nature. However, this procedure
has been successfully adopted in previous studies (Watanabe
2000; Diaz-Fleischer 2005; Rao et al. 2019) and also has
the advantage that the experimenter could control factors
not under test that can potentially affect spider behaviour
such as prey location in the web, variation in the impact of
intercepted prey due to the differences in flying speed/direc-
tion. Once the prey was hung, we recorded spider behaviours
through either direct observations or video recordings (EOS
550D, Canon, Japan). We finished the recording when either
the spider captured the prey or the prey escaped from the
web. All experiments were conducted under a natural field
condition at Mt. Seungdal (Muan-gun, Jeollanam-do, South
Korea, 34° 54" 49" N 126° 26' 55" E), 0700-1800 from June
to August 2020.

Effect of prey size on jerks

In this experiment, we tested whether prey size affects the
number of jerks performed by spiders. We used both within-
and inter-individual comparisons. For the within-individual
comparison, we provided each spider with three differently
sized natural prey collected from our study sites (most were
dipteran classified as either small, medium or large size). To
classify each prey into one of the three size classes, we first
collected insect prey in our study sites, measured each prey’s
length with a ruler (from the tip of the head to the end of the
abdomen) with an accuracy of 0.5 mm, and classified each
prey into either small, medium, or large size based on the
length. The exact prey size provided for each spider varied,
but there was at least a 1-mm length difference among the
three prey insects given to each spider. Most of the prey were
dipteran (72% of all prey), but there also existed other taxa
(especially for larger prey) as well. The three prey (with dif-
ferent sizes) were provided to each spider on the same day.
We tested each size class in random order and maintained at
least 30-min intervals among each trial. We gently hung the
prey on the web for each trial and recorded the number of
jerks performed before the spider captured it. It was uncer-
tain whether the spider consumed each prey or not because
we left the spider after watching it handling the prey, but the

spiders attacked and jerked every time we provided the prey.
We tested 30 individuals.

We used the same approach for the inter-individual com-
parison (with different individuals) but used only one prey
(all dipteran) for each spider. The prey size varied from
2.5 to 6.5 mm. We tested 123 spider—prey pairs and video-
recorded spider—prey interactions. Among them, we were
able to measure the jerk frequency in 116 videos. The rest
seven videos were slightly out of focus, which restricted
the accuracy of the jerk frequency measurements. The
recorded videos were used again for other analyses as well
(see below).

In inter-individual experiments, we used various species
of dipterans (we were able to identify most prey species in
suborder level, and all of the prey were either in Brachycera
or Nematocera) that may behave differently when caught in
a web. Because this unstandardisation of prey species (thus
prey behaviour) could affect jerk behaviours (Suter 1978;
Blackledge and Zevenbergen 2006), we further examined
whether there were differences in prey behaviour among dif-
ferent prey size classes by directly analysing prey movement
in the videos (see Supplementary materials for the details of
analyses). We also checked whether there were behavioural
differences between the two suborders of dipteran prey and
tested whether the suborder type affected jerk frequencies
in spiders (Supplementary materials).

Effect of spider size on jerks

To test whether the spider size affects the number of jerks
performed, we used intra- and interspecific comparisons. For
intraspecific comparisons, we first provided three different
types of prey for each spider (the same individuals used for
the within-individual comparison): a pinhead cricket (Gryl-
lus bimaculatus; mean length =2.7 mm, standard devia-
tion=0.24), a worker termite (Reticulitermes speratus; mean
length=3.9 mm, standard deviation=0.27), and a solder
termite (R. speratus; mean length=5.38 mm, standard devi-
ation =0.13). We provided prey to each spider in random
order, and there were at least 30-min intervals among each
trial. We recorded how many times the spiders jerked before
direct contact with the prey. We then collected and measured
the length (from cephalothorax to abdomen) of the spiders
with an accuracy of 0.1 mm by photographic method using
Imagel 1.53e (Schneider et al. 2012).

For interspecific comparisons, we used females of three
species of Cyclosa genus: C. sedeculata (the smallest;
4-5 mm length), C. argenteoalba (medium size; 5—7 mm),
and C. octotuberculata (the largest; 12—15 mm). These three
species co-occurred in our field site and differed consid-
erably in size. We conducted this interspecific comparison
to examine whether the size dependency in jerks observed
within C. argenteoalba can be extended to explain the
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among-species variation in jerks. We provided the same-
sized dipteran prey to all three species (length ~ 5.5 mm)
using the same method described above. We measured and
compared the number of jerks performed among the three
species. In total, 8, 22, and 12 individuals of C. sedeculata,
C. argenteoalba, and C. octotuberculata were used.

Do spider jerks prevent prey from escaping?

To examine whether spider jerks prevent prey escape, we
compared the prey escape chance between spider-present
(thus performing jerks) and spider-absent conditions. First,
to estimate the prey escape chance under the spider-present
condition, we used all recorded videos (N =123) of spi-
der—prey interactions. We extracted information on whether
each prey successfully escaped from the web before being
caught by spiders. We also estimated the mean latency from
the moment the prey was caught on the web until prey cap-
ture (Tcap; 24 s; standard deviation =14.27). To investigate
the prey escape chance under the spider-absent condition, we
located C. argenteoalba in the field first (different individu-
als from the 123 spiders), detached them from the web by
lightly touching the spider with a finger (which elicits the
response of dropping to the ground), and hung a dipteran
prey on the web. Then, we allowed each prey T, to escape
from the web. Rarely the dropped spiders returned to the
web before expending T, in which case we discarded the
trial and moved to the next spider. We tested 29 prey for
spider-absent conditions and recorded the prey behaviour.
The prey size ranged from 2.5 to 6.5 mm for both treat-
ments. The prey size was controlled when analysing prey
escape chance between spider-present and spider-absent con-
ditions (see the ‘Statistical analysis’ section). All spiders
jerked towards prey in both prey-escaped and prey-caught
situations except for only one individual which successfully
caught the prey without jerking.

Do jerks entangle additional spiral threads
around prey?

Here, we examined whether jerks add a significant amount
of additional spiral threads around prey. We extracted infor-
mation from the recorded videos of spider—prey interactions
(all dipteran prey) to determine the number of additional spi-
ral threads that became entangled with each jerk movement.
The spiral threads were additionally entangled around the
prey in two different movements: prey struggling and spider
jerks. We distinguished these two movements and separately
noted whether an additional entangling of spiral threads was
caused by prey struggling or spider jerks. We retrieved this
information from 49 recordings: in other recordings, the prey
was not in focus at some level so that we could not observe
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and count the additional number of spiral threads entangled
clearly.

Additionally, because spider presence can affect the
degree of prey struggling, we also measured the number
of additional spiral threads that became entangled by prey
struggling under spider-absent conditions. We extracted this
information from the 21 recorded videos of spider-absent
treatments mentioned above. For each video, we measured
(1) the number of additional spiral threads that became
entangled by prey movement until T,, and (2) the number
of additional spiral threads that became entangled by jerks.
We also estimated the jerk efficiency (defined as the number
of additional spiral threads that became entangled per jerk)
and analysed it.

Comparisons of response and approaching time

In most cases, the spiders responded to the hung prey
quickly (88% of all tested spiders responded in 5 s). Still,
we measured and analysed the response time (time taken
from the prey introduction until the spider responded). Also,
the interval between the response initiation and prey capture
(approaching time) varied substantially. This interval puta-
tively reflects the level of cautiousness of spiders towards
prey. While the absolute distance from the spider and prey
may affect spiders’ approaching time, we did not measure
and control the distance due to the high variation in web
size. However, we consider that the variation in prey-spider
distance would contribute to the random variation in spi-
der jerks but not affect spider behaviour in a biased way.
We examined whether the approaching time depended on
the prey size by analysing the 119 recorded spider—prey
interactions.

Statistical analysis

We used R 4.0.2. for all analyses (R Core Team 2018). For
the within-individual comparison experiment testing the
effect of prey size on the number of spider jerks, we fitted
linear mixed models to account for the repeated measure-
ments within individuals implemented in the ‘lme4’ package
(Bates et al. 2015). We included prey size as a continuous
predictor, spider identification (ID) as a random factor, the
number of jerks performed as a response variable. We also
used testing order as a covariate in the within-individual
comparison analysis. The number of jerks performed was
square-root transformed, henceforth to meet the assumptions
of the parametric tests. After the transformation, the residu-
als of the fitted model followed the normal distribution. For
the inter-individual comparisons, we fitted a linear regres-
sion using the prey size as a predictor and the number of
jerks performed as a response variable.



Behavioral Ecology and Sociobiology (2022) 76:81

Page50f10 81

For the intraspecific comparisons testing the effect of
spider size on jerks, we employed linear mixed models with
spider size, prey type (pinhead, worker, and soldier ter-
mites from the smallest to largest), and their interaction as a
response variable. We set spider ID as a random factor. We
used the number of jerks performed as a response variable.
We visually detected one outlier and excluded the individual
from the analysis. For post hoc multiple comparisons, we
performed Tukey all-pairwise comparisons implemented in
the ‘multcomp’ package (Hothorn et al. 2008). Whenever
multiple comparisons were used, we controlled for false dis-
covery rates (Benjamini and Hochberg 1995). Also, when
multiple response variables were included in a statistical
model, we compared the model fit of all candidate models
(with all combinations of fixed-effect terms) based on small-
sample corrected Akaike information criterion (AICc) and
presented the results of the model with the lowest AICc.
For the interspecific comparisons, we fitted general linear
models (GLMs) using species as a predictor and the number
of jerks performed as a response variable to test whether the
number of jerks differed among the three Cyclosa species.
Tukey all-pairwise comparisons were performed as a post
hoc test.

We fitted generalised linear models (GLZs) with a bino-
mial error structure to analyse whether jerks decreased the
prey’s escape chance. We put a binary variable whether a
prey successfully escaped or not as a response variable. For
predictors, we first included the presence/absence of spiders
(a binary variable). Because prey size could affect the escape
probability (Nentwig 1982; Nakata 2010), we also used the
prey size and the interaction between prey size and spider
presence as additional predictors.

When analysing whether jerks helped entangle prey with
additional spiral threads, there existed three measurements
for comparison: the number of additional spiral threads
entangled (1) by prey movement under the spider-absent
condition (PS —), (2) by prey movement under the spider-
present condition (PS +), and (3) by spider jerks (JS+). To

Fig. 1 The relationship between
prey size and number of jerks
towards the prey in a within-
individual (N=30 spiders) and
b inter-individual comparison
experiments (N=116). The

line in (b) shows the predicted
values from linear regression,
and the shadowed area shows
95% confidence intervals

oo
1

JNumber of jerks
T

compare these, we employed the Kruskal-Wallis rank-sum
test with the above group as a predictor and the number
of additional spiral threads entangled around the prey as a
response variable. For post hoc comparisons, we used the
approximative Wilcoxon—-Mann—Whitney test employed in
the ‘coin’ package (Hothorn et al. 2006). This test estimates
P-values based on Monte Carlo simulations and deals with
tie values well.

To test whether the prey size predicts (1) the number of
spiral threads additionally entangled by jerks and (2) the
jerk efficiency (the number of additional spiral threads that
became entangled per jerk), we fitted linear regressions for
each response variable separately.

For the response time analysis, we fitted GLMs using the
log-transformed response time as a response variable and
the prey size as a predictor. We employed a similar GLM to
analyse approaching time using log-transformed approach-
ing time as a response variable and prey size as a predictor.
Naturally, if a spider is going to perform more jerks, they
inevitably spend more time approaching the prey. Thus, we
set the number of jerks performed as a covariate to examine
whether spiders spent more time approaching larger prey
even after controlling for the more frequent jerks made
toward them.

Results
Does the frequency of jerks depend on prey size?

The number of jerks increased with prey size in both within-
individual (Fig. 1a; estimate=0.65, s.e.= 0.04,;{2] =232.55,
P <0.001; see Fig. S2 for the plot using prey size as a contin-
uous variable) and inter-individual (Fig. 1b; estimate =0.39,
s.6.=0.05, F 1,4,=75.95, P<0.001) comparisons. We found
no evidence that testing order affected the number of jerks
in within-individual comparisons (;(2 ;=1.92,P=0.17). We
further elucidated whether there were differences in prey
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movement among differently sized prey which could poten-
tially affect spider jerks (see Supplementary materials for the
details about prey movement categories). In inter-individual
experiment, we found no evidence that the movement types
of prey in the web differed among differently sized prey
(Fig. S3; y*=11.74, simulated P=0.15). While the prey
movement types differed between two suborders of the prey
we used (Fig. S4a; )(2 =139.00, simulated P=0.0005), we
found no evidence that prey suborder affected the spider
jerks (Fig. S4b; see Supplementary materials for statistics).
Also, the observed relationship between prey size and spider
jerks were robust regardless of the type of prey movement
in the web (Fig. S5).

Does the frequency of jerks depend on spider size?

In intraspecific comparisons, the best model retained spider
size and prey type terms, but not the interaction between the
two (AIC weight of the best model =0.53). In the best model,
the number of jerks decreased with spider size after control-
ling for the prey type (Fig. 2a; estimate = —0.30, s.e.=0.13,
7»=5.79, P=0.02). We also found strong evidence that prey
type affected the number of jerks performed (;(22=40.21,
P <0.001). Post hoc comparisons confirmed that spiders
performed more jerks towards larger prey, then subsequently
performed fewer jerks as the prey size decreased (Fig. 2a, P,
for each pairwise comparison was <0.01).

Interspecific comparisons revealed that the number
of jerks towards prey (similar-sized dipteran sp.) differed
among spider species (Fig. 2b; y°,=66.56, P <0.001). The
smallest species, C. sedeculata, jerked significantly more
than both C. argenteoalba (mid-sized species; Z=5.58,
P,4j<0.001) and C. octotuberculata (largest species;
Z=8.16, P,4;<0.001). C. argenteoalba also jerked more
than C. octotuberculata (Z=3.98, P,4;<0.001).

(@) -

Prey

Do jerks prevent prey escape?

The best model retained spider presence and prey size terms,
but not the interaction between the two (AIC weight=0.51).
In the best model, the probability of prey escaping from
the web was lower when spiders were present (Fig. 3;
)(21 =8.09, P=0.004). Of the prey, 21% (6 out of 29) suc-
cessfully escaped from the spider web when spiders were
absent, while only 4% (5 out of 123) escaped when spiders
were present until 7, (24 s). The escape chance increased
as the prey size increased (y?,=3.74, P=0.05).
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Fig.3 The results of the prey escape experiment showed the differ-
ence in the proportion of successfully escaped prey under spider-pre-
sent and absent conditions
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Fig.2 The relationship between spider size and the number of jerks
in a intraspecific (N=29) and b interspecific comparison experi-
ments. In (a), three different prey (from the smallest pinhead crick-
ets to the largest worker termite) were used. Lines show the predicted
values from linear regressions for each prey type. Shadowed areas
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show 95% confidence intervals. In (b), similar-sized dipteran prey
were given to three different co-occurring species of the Cyclosa
genus. sede: C. sedeculata (the smallest), arge: C. argenteoalba
(medium), octo: C. octotuberculata (the largest). Bars and error bars
show the mean and standard error of the mean, respectively
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Do jerks entangle prey with additional spiral
threads?

We found strong evidence that the number of additional
spiral threads entangled around the prey differed among
the three groups (Fig. 4a; Kruskal-Wallis y?,=67.25,
P <0.001). Post hoc tests revealed that the number of
additional threads entangled was significantly more in
JS + groups (spider-present condition) than both the
PS + (entangled by prey struggle in spider-present condition)
(Z=11.49, P,4;<0.001) and PS — (entangled by prey struggle
in spider-absent condition) groups (Z2=5.49, P,4;<0.001).
We found no differences between the PS + and PS — groups
(Z=0.44, Padj =0.69). On average, 3.80 spiral threads were
entangled solely by spider jerks, while only 0.57 and 0.48
spiral threads were additionally entangled by prey move-
ments under spider-absent and spider-present conditions,
respectively.

Prey size did not predict the number of additional spiral
threads entangled by jerks (estimate = 0.08, s.e. =0.11, F; 4,
= 0.53, P = 0.47). However, the jerk efficiency (the number
of additional spiral threads that became entangled per jerk)
decreased as the prey size increased (Fig. 4b; estimate =
—0.20, s.e. = 0.04, Fig= 31.43, P < 0.001). We detected
one outlier and removed this from the jerk efficiency analy-
sis, but the inference did not differ whether we removed the
outlier or not.

Do the response and approaching times depend
on prey size?

We found no evidence that prey size predicts the response
time of spiders (estimate =0.12, s.e.=0.07, ;(2,=2.62,
P=0.11). However, spiders spent more time approaching
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Fig.4 a Comparison of the additional number of spiral threads entan-
gled around the prey (1) due to prey struggling under spider-absent
condition (PS —), (2) due to prey struggling under spider-present con-
dition (PS+), (3) due to spider jerks (JS+). Each boxplot shows the
median, first, and third quartiles. Dots show outliers. b Relationship

prey prior to capture as the size of the prey increased (Fig. 5;
estimate =0.1, s.e.=0.05, ;(21 =4.38, P=0.03). The covari-
ate effect (number of jerks performed) was also significant
(estimate =0.13, s.e.=0.01, r=94.17, P<0.001).

Discussion

Our results indicate two inter-related functions of jerks:
preventing prey from escaping and entangling more
spiral threads around the prey. The prey escape chance
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Fig.5 The relationship between prey size and approaching time
(defined as the time from the spider responding to prey and prey cap-
ture) (N=119). Lines show the predicted values from linear regres-
sion, and the shadowed area shows 95% confidence intervals

1.5 . (b)

Jerk efficiency

0.0

o-ee

[ ]
T
4 5
Prey length (mm)
between prey size and jerk efficiency (the number of additional spi-
ral threads that became entangled around the prey per jerk) (N=48;

one outlier removed). The line shows the predicted values from linear
regression, and the shadowed area shows 95% confidence intervals
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substantially decreased when the spiders were present
and performed jerks than spider-absent conditions. This
may have been largely induced by the additional spiral
threads entangled around the prey due to the jerks. Prey
movement itself did not contribute much to the additional
spiral threads entangled around the prey. Besides the addi-
tionally entangled spiral threads, spider jerks may also
have prevented prey from adopting specialised behavioural
sequences required to escape from the web (Suter 1978;
Masters and Eisner 1990). Some prey insects perform spe-
cific behaviours, such as cutting away sticky strands, wrig-
gling, or turning, which help them escape (Nentwig 1982).
Web fluctuations caused by jerks would disrupt prey to
adopt such stances. Indeed, we observed that some dip-
teran prey showed certain behaviours, such as wiping the
wings with their legs and rubbing the legs, to remove the
attached spiral threads (video S2). This occasionally led
to a successful escape in a short time (in our study, 21%
of the tested dipteran prey escaped within 24 s). However,
under the presence of spider jerks, only a few prey (4% of
the total) could escape within the same time. We note here
that the prey escape experiment did not follow proper ran-
domisation procedures (such as interspersing testing webs
with and without spiders or randomising testing orders)
that minimise the effect of confounding factors. However,
considering (1) the large difference in prey escape chance
between the treatments and (2) that there is no reason to
consider that web location or testing time (which are the
main potential confounding factors affected by non-ran-
domisation) affected our results in a biased way, we argue
that the non-randomisation issue will not invalidate our
results.

Both within- and inter-individual comparisons test-
ing the prey size effect on jerks revealed that spiders jerk
more as prey size increases. Also, both intra- and interspe-
cific comparisons suggest that smaller spiders jerk more
than larger spiders. The results of interspecific compari-
sons need to be cautiously interpreted because the three
Cyclosa species not only differ in size but also in other
traits such as web characteristics (Miyashita 1997). Still,
considering that all within-, inter-individual, and inter-
specific comparisons all consistently follow the predicted
size-jerk relationship, body size should be at least partly
responsible for the observed behavioural difference among
the three Cyclosa species. Collectively, all the evidence
suggest that both prey size and spider size determine the
number of jerks performed towards the prey. These results
are congruent with previous findings on size-dependent
jerks in other spiders (Diaz-Fleischer 2005; Rao et al.
2019). To answer why spiders jerk more towards larger
prey, we propose two alternative but non-exclusive expla-
nations related to the function of jerks.

@ Springer

First, the more frequent jerks that spiders exhibit towards
larger prey may be related to their wariness towards larger
prey. Like many predators, spiders can subdue and consume
prey in various sizes (Nentwig and Wissel 1986; Riechert
and Luczak 2014). In general, larger prey elicit more risk
to spiders than smaller prey (Mukherjee and Heithaus
2013). Under this circumstance, spiders are expected to
approach large prey cautiously and exhibit more jerks (Rao
et al. 2019). This is well reflected in the results we obtained
for the approaching time: spiders took more time to approach
larger prey than smaller prey. Another point of view is that
spiders jerk more towards larger prey because the efficiency
of jerks depends on prey size. Although the number of addi-
tional spiral threads entangled by jerks was not affected by
prey size in our results, the jerk efficiency decreased with
the increasing prey size, possibly because larger/heavier
objects are more resistant to being swayed given the same
amount of power exerted on it. This suggests that spiders
(especially smaller spiders) should jerk more towards larger
prey to entangle a sufficient number of spiral threads around
the prey. This can consequently lead to size-dependent jerks
performed by spiders.

In conclusion, we demonstrated that spider jerks have
adaptive significance in preventing prey escape and entan-
gling more spiral threads around prey. All the evidence
consistently indicate that the performance of jerks is size-
dependent. This seems to be related to spiders’ cautious-
ness or reduced jerk efficiency towards larger prey or both.
Understanding the behaviour of trap-building predators and
how it is shaped by both internal and external factors have
been of the recent research interest (Eberhard 2020; Biisse
et al. 2021; Scharf et al. 2021; Abot et al. 2022), but empiri-
cal evidence of the functions of these behaviours are limited
(Eberhard 2020). While jerks have been described in a wide
range of spiders for a long time (McCook 1889; Bricefio
and Eberhard 2011), there has been no direct evidence of
their adaptive role and function during foraging. Our results
provide firm evidence of the function of spider jerks and
highlight the size-dependent use of jerks. While our study on
Cyclosa sp. focuses on the use of jerks during foraging, spi-
ders also use jerks in other contexts such as during courtship
or communications (Bleckmann and Bender 1987; Uetz and
Stratton 2014). Further studies on the function of jerks in
other contexts should provide a more comprehensive under-
standing of this widespread and multifaceted behaviour.
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