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Abstract
We evaluated individual behavioural patterns of isopods expressed as tonic immobility following some 
intrusive treatments. Common rough woodlice, Porcellio scaber, were kept individually in plastic boxes 
and tested for tonic immobility repeatedly. Reactivity, sensitivity (number of stimuli needed to respond), 
and endurance of tonic immobility (TI) according three types of treatments (touch, squeeze, drop) were 
evaluated. Touch was the weakest treatment and it was necessary to repeat it a number of times to obtain 
a response; while squeeze and drop induced TI more frequently. Nevertheless, duration of the response 
persisted for a longer time with the touch treatment. Within each set of the three treatment, the strongest 
response was the third one, regardless of treatment type. Duration of reaction was affected by the size of 
the woodlouse, the smallest individuals feigning death for the shortest time. Despite body size, we found 
a significant individual pattern of endurance of TI among tested woodlice, which was stable across treat-
ments as well as across time (5 repetitions during a 3 week period). Porcellio scaber is one of the first species 
of terrestrial isopods with documented personality traits.

Keywords
Anti-predatory behaviour, death feigning, thanatosis, predation, behavioural trait

ZooKeys 515: 159–171 (2015)

doi: 10.3897/zookeys.515.9429

http://zookeys.pensoft.net

Copyright Ivan Hadrián Tuf et al. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC 
BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

RESEARCH ARTICLE

Launched to accelerate biodiversity research

A peer-reviewed open-access journal

mailto:ivan.tuf@upol.cz
http://zoobank.org/E8E0481D-2B71-445B-88A3-DF0EC4405522
http://dx.doi.org/10.3897/zookeys.515.9429
http://dx.doi.org/10.3897/zookeys.515.9429
http://zookeys.pensoft.net
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


Ivan Hadrián Tuf et al.  /  ZooKeys 515: 159–171 (2015)160

Introduction

Generally, when animals encounter their predator they (1) run away, (2) attack it or 
(3) stay invisible and/or look unpalatable.

Anti-predatory behaviour including boldness can be a part of animal personal-
ity. Personality of animals has been routinely studied during the last twenty years, 
although the study of personality in vertebrates prevails. Behavioural traits, which are 
consistent over time in individuals and as a response to different situations, have been 
described as a personality (Reale et al. 2007). The concept of personality has been used 
for a relatively broad spectrum of invertebrates including crustaceans (e.g. Briffa 2013, 
Biro et al. 2014, Brodin and Drotz 2014), but not explicitly studied in terrestrial iso-
pods previously. The main behavioural traits found in Crustacea are boldness (Brifa et 
al. 2008; Hazlett and Bach 2010; Brifa and Twyman 2011; Brifa 2013), voraciousness 
(Biro et al. 2014) and activity (Yli-Renko et al. 2014).

Change in anti-predatory behaviour during growth and development of animal 
can challenge stability over time of the behavioural traits mentioned above. Examina-
tion of animal personality traits must consider consistency over two different time 
intervals: short intervals to determine whether behaviour is sufficiently consistent to 
be included in a study of personality, and longer intervals to determine how behaviour 
changes over the course of a lifetime (Stamps and Groothuis 2010).

During their evolution, terrestrial isopods colonised land and they were faced 
with new types of stresses, including new types of predators (Broly et al. 2013). The 
anti-predator mechanisms used by woodlice include escape, armour, cryptic coloura-
tion, chemical protection, acoustic warning, feigning death and/or specific posture 
(Witz 1990). Some of these strategies are not direct adaptations against predators, but 
evolved as parts of their terrestrial life-style. For example, escape is simply an exten-
sion of the ability to move as necessary to find food and mates, while armour is usu-
ally found in isopods living in (semi) dry conditions, which need to minimize water 
loss using thick cuticle (e.g. Smigel and Gibbs 2008; Csonka et al. 2013) and evolved 
as a defensive reaction. Chemical defensive secretions are a direct adaptation against 
predators being at least spider- (Gorvett 1956) and ant-repulsive (Deslippe et al. 1996; 
Yamaguchi and Hasegawa 1996).

Terrestrial isopods developed behavioural protection known as tonic immobility 
or death feigning, which is related also to behaviour known as “taking specific pos-
ture”. In general, the main difference between these categories is that “taking posture” 
is aimed for protection against being swallowed by a predator (e.g. Honma et al. 2006) 
and “feigning death” increases the probability to be ignored by predators with sight as 
the prevailing sense. This behaviour includes the so-called conglobation or volvation, 
behaviour typical for members of some isopod families such as Armadillidae, Armadil-
lidiidae, or Cylisticidae, as well as for pill millipedes (Glomerida) and giant pill milli-
pedes (Sphaerotheriida), some soil mites (Oribatida), and cuckoo wasps (Chrysidoidea). 
Conglobation involves the body being rolled into non-perfect or perfect ball with legs, 



Personality affects defensive behaviour of Porcellio scaber (Isopoda, Oniscidea) 161

antennae and ventral body surface more or less hidden. Non-perfect conglobation (e.g. 
typical for the genus Cylisticus) is less effective as uropods and antennae are not well 
protected. Nevertheless, tonic immobility is a much more general behaviour than con-
globation and it is used by isopods (Quadros et al. 2012). Tonic immobility in non-
conglobating forms of isopods is characterised by the contraction of the body and the 
contraction and folding of the legs towards the ventral side while holding the antennae 
folded or extended backwards and pressed against the dorsal part of the first pereonites 
(see fig. 1 in Quadros et al. 2012). During this posture the organism lacks motional 
responsiveness to external stimulation. Differences between death feigning and conglo-
bation (called also shrinking in Anura) were discussed in the case of amphibians, but for 
isopods these differences are of marginal importance (Toledo et al. 2010).

The usefulness of feigning death as an anti-predatory behavioural strategy can theo-
retically be dependent on body size of an animal. If smaller animals can be easily over-
looked by predator, the frequency of using this strategy by small animals can be higher 
than by bigger animals. This pattern was confirmed in some studies (Hals and Beal 
1982; Quadros et al. 2012) but not found in other ones or in other species (Hazlett and 
Bach 2010; Quadros et al. 2012) for several crustaceans including terrestrial isopods.

We studied anti-predatory behaviour of the Common rough woodlouse Porcellio 
scaber Latreille, 1804, and we added a new parameter to standard experimental design 
– repetitions at the individual level. With this modification we were able to study the 
stability of behavioural traits, i.e. animal personality. The main aims of this research 
were: Are there any patterns in death feigning (tonic immobility, TI) behaviour? Is 
TI affected by type of treatment or its order? Is there a body-size pattern of behaviour 
among woodlice suggesting any developmental changes of its behaviour? Despite size 
of body, is there an individual specific pattern of behaviour among woodlice, i.e. are 
we able to evaluate their boldness on personal level?

Methods

Subjects and housing conditions

Several hundreds of Common rough woodlice, Porcellio scaber, were collected in the 
environment of Kutna Hora, Czech Republic (urban green areas and gardens) during 
June 2013. Following transport to laboratory, they were not sexed, but sorted in three 
size categories by length (small < 7 mm, medium 7–12 mm, and large > 12 mm). Size 
of woodlouse is related to its age (Zimmer 2002). Fifty individuals of each size category 
were inserted into small non-transparent plastic boxes (area 33 cm2) each with a thin 
plaster of Paris layer on the bottom. Each isopod individual had its own identifying 
code (ID) marked on its box. These codes enabled analyses of the stability of its behav-
iour (personality). Isopods were fed on potatoes and plaster was kept moist; natural 
(room) temperature regime was maintained at 21–26 °C.
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Procedure

Behavioural experiments followed the design used by Quadros et al. (2012); each iso-
pod was exposed to several treatments. One experimental set contained three types 
of treatments to induce tonic immobility (TI): touch, squeeze, and drop. The touch 
stimulus was applied as gentle nudge to the isopod with forceps. The squeeze stimulus 
was applied as a firm grab to the isopod body by entomological soft-metal forceps, 
when one prong was undercutting the ventral part of the body and the other part was 
applied on the dorsal part. The drop stimulus was similar to squeeze one, though fol-
lowed by lifting to ca 10 cm and then letting it drop back in the box.

The first treatment was applied and if TI was induced, its duration was meas-
ured. If necessary, the stimulus was repeated up to 5 times in order to induce TI. If 
TI was not induced, lack of reaction was recorded. We let individual woodlouse rest 
for approximately 30 minutes and applied the second treatment in the same way and 
the third treatment after a further half hour, respectively (Fig. 1). ID of woodlouse, 
order of types of treatments, sensitivity or promptness of TI induction (i.e. number 
of stimuli needed) or non-reactivity; and endurance of TI (i.e. time from start of TI 
to the first movement of antenna or leg) was measured in each experimental set. Each 
individual was involved in five experimental sets with 4 day intervals between experi-
mental sets. The order of stimuli was changed systematically to distinguish the effect of 
type of stimulus from an effect of order of stimuli.

Data analysis

We tested the effects of the three types of treatment (touch, squeeze and drop) on reactiv-
ity (presence/absence of reaction to stimulus, i.e. probability of inducing TI), sensitivity 

Figure 1. Design of one experimental set. Dashed arrows symbolise repeated stimuli applied if previous 
stimulus did not evoke tonic immobility. Experimental sets were applied repeatedly over a three week 
period; each individual was exposed to five experimental sets with 4 days intervals between.
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(number of stimuli needed to induce TI) and endurance of TI. Experimental sets which 
failed to induce TI were excluded from next data analyses. To determine the effect of dif-
ferent types of treatments we conducted repeated measures ANOVA. The error term of 
ANOVA reflects that we had the type of treatment nested within individuals of wood-
lice (ID). Data were not normally distributed therefore we transformed data by decimal 
logarithm. For multiple comparisons we used a pairwise t-test with adjusted p-values 
by the Holm correction. We used the F test to check the significance of the explanatory 
variables. Kendall’s coefficient of concordance was computed in order to determine the 
consistency of between-individual differences in the three types of treatment. We also 
used the correlation of TI endurance among different type of treatment. Significance of 
correlations was tested by using Kendall method with Bonferroni correction.

Results

Three isopods died after the first experimental set, but data are available to evaluate 
from 738 experimental sets; TI as a reaction to at least one treatment was recorded 
in 334 sets (45% of sets) in 35 woodlice (23% of individuals). TI was induced by all 
treatments during the same experimental set in 41 experiments (6%) in 25 woodlice, 
with only one individual showing TI at each of the 15 treatments (i.e. through all five 
experimental sets).

If a woodlouse reacted to a treatment in an experimental set, the probability of 
reaction was influenced by type of treatment (F2,298  = 1165.00, p < 0.001, Fig. 2b); in 
those experimental sets isopods reacted to drop and squeeze in all cases, but to touch 
in ca 20% only. If isopods reacted to treatment by TI, duration of TI significantly 
depended on the type of treatment (F2,298 = 2.97, p = 0.052, Fig. 2d), too: with touch 
followed by the longest TI. Also reactivity, i.e. number of stimuli needed to induce TI, 
was significantly dependent upon the type of treatment (F2,298 = 517.00, p < 0.001, Fig. 
2f); if the global probability to react to touch is the lowest, more stimuli of touch were 
necessary to induce TI.

To avoid misunderstandings relating to the effect of treatment type and its order 
in the experimental set, the order of the applied treatments was changed. Without 
respect to type of treatment, the third treatment was the most probable to be followed 
by TI (F2,298 = 81.00, p < 0.001, Fig. 2a). Nevertheless the endurance of TI shortened 
significantly during experimental sets (F2,298 = 9.63, p < 0.001, Fig. 2c). On the other 
hand, number of stimuli needed to induce TI was significantly related to the order of 
the treatment (F2,298 = 16.55, p < 0.001, Fig. 2e).

Although there were no significant differences among body-size categories of P. 
scaber in the probability of inducing TI (F1,148 = 0.73, p = 0.395), the longest TI dura-
tion was performed by medium body sized woodlice (F1,148 = 6.75, p < 0.05, Fig. 3).

Personality, i.e. individual stability of duration of TI was confirmed by Kendall’s 
concordance analysis for the whole reactive group of isopods (W = 0.73, p < 0.001); 
there were individual patterns of endurance of TI irrespective of type of treatment or 
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Figure 2. Tonic immobility of Porcellio scaber induced by different treatments: a probability of inducing 
TI by the first, the second and the third treatment b probability of inducing TI by different treatments 
c endurance of TI following the first, the second and the third treatment d endurance of TI following 
different treatments e sensitivity, i.e. promptness of inducing TI by the first, the second and the third 
treatment f sensitivity, i.e. promptness of inducing TI by different treatments. (*** p < 0.001; ** p < 0.01; 
* p ≤ 0.05)

Table 1. Correlations between durations of TI of Porcellio scaber induced by different treatments: D – 
drop, S – squeeze, T – touch. (*** p < 0.001; ** p < 0.01; * p ≤ 0.05)

all animals large-size animals medium-size animals small-size animals
D S T D S T D S T D S T

D - 0.55*** 0.45*** - 0.40* 0.32* - 0.71** 0.56** - 0.44* 0.44*
S - 0.49*** - 0.61* - 0.52** - 0.32**
T - - - -
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its order. To avoid obfuscation of personality and size-dependent differences in behav-
iour, concordance analyses for individual size categories were calculated and revealed 
significant stability of endurance of TI inside all body-size categories (large size: W = 
0.68, p < 0.001; medium size: W = 0.82, p < 0.001; small size: W = 0.65, p < 0.001). 
Stability of patterns of durations of TI can be visualised by correlations between en-
durances of different TI values (Fig. 4). Correlations between duration of TI were 
significant for P. scaber analysed as a whole group as well as between different body-size 
groups (Table 1).

Discussion

We evaluated reactivity, sensitivity, and duration of tonic immobility of Porcellio sca-
ber. It is difficult to evaluate the functional significance of anti-predatory behaviour, 
as there are several interfering behaviours which affect probability of an animal being 
recognized, captured and consumed by predators (Lind and Cresswell 2005). These 
behaviours can have evolved independently; nevertheless it is impossible to measure 
the independent effect of one of those behaviours on the fitness of target animals. For 
this reason we cannot say that tonic immobility increases the fitness of P. scaber.

Generally, the reactivity was relatively low (23% of isopods). It is known that 
tonic immobility is not the main anti-predatory strategy for P. scaber, as a clinger 
ecomophological type (Schmalfuss 1984). They use sticking against a surface, or run 
away more frequently to escape predators (77% of woodlouse in our study tried to run 
away exclusively), or uses chemical protection (Gorvett 1956; Deslippe et al. 1996). 

Figure 3. Endurance of tonic immobility of Porcellio scaber of different body sizes induced by treatments. 
(*** p < 0.001; ** p < 0.01; * p ≤ 0.05)
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Figure 4. Correlations between duration (in seconds) of TI of Porcellio scaber induced by the different 
treatments: a correlation between duration of TI induced by squeeze and drop b correlation between 
duration of TI induced by touch and drop c correlation between duration of TI induced by touch and 
squeeze. Data were transformed by decimal logarithm.

Nevertheless, Quadros et al. (2012) found Porcellio dilatatus to be a highly responsive 
species (89% specimens used TI).

Reactivity of isopods was affected by the type of treatment. Whereas drop and 
squeeze were followed by TI regularly, touch was not an effective treatment for TI in 
some specimens. The explanation can be found in the manipulation of isopods by dif-
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ferent kinds of predators (e.g. Sunderland and Sutton 1980, Dejean 1997, Řezáč and 
Pekár 2007, Quadros et al. 2012). Despite the lack of experimental verification of tonic 
immobility as defence behaviour against predators and regarding the size of P. scaber, 
we can hypothesise that drop treatment is probably more similar to manipulation by 
some vertebrate visual predator (birds, amphibians, or lizards). Squeeze can be similar 
to manipulation by some small vertebrate or large invertebrate predators (e.g. small 
rodents or shrews, ground beetles of the genus Carabus), whereas touch resembles the 
manipulation of small invertebrate predators (spiders, centipedes, ants, etc.). According 
to these categories of predators, TI following drop can be very useful, if the isopod is lost 
by predator in leaf litter. Big predators do not loose time for looking for one small prey 
item. They probably continue walking and searching for another prey. Similarly, TI as 
response to squeeze can also help the attacked isopod to survive, if the predator is not 
able to manipulate the immobile prey very well. By contrast, the most effective defen-
sive strategy against small invertebrate predators is the secretion of chemicals (Deslippe 
et al. 1996), which may not be so effective against larger predators.

It is necessary not to forget that P. scaber is strongly thigmotactic (e.g. Friedlander 
1964) and lives in large aggregations (Broly et al. 2012): this is important for two as-
pects concerning its TI reaction. First, touch is a common stimulus in the way of life of 
woodlice. In aggregates, there are many conspecific individuals around; reacting by TI 
to each touch becomes meaningless. For this reason, low reactivity and low sensitivity to 
touch is understandable. But if touch is repeated several times (it was necessary to repeat 
it more times than drop or squeeze), endurance of TI is longer than TI following drop 
or squeeze. This is probably because of the foraging mode of the predator: small inver-
tebrate predators such as spiders or ants can manipulate small isopods for a longer time 
and can wait for the first movement (providing time to attack the un-armoured ventral 
side). Larger predators do not waste time by waiting; they swallow prey immediately if 
they notice and catch it.

Another advantage of aggregates is the higher probability of being passed over by 
a predator among running conspecifics (Miyatake et al. 2009). If larger predator turns 
over the shelter of a group of isopods (e.g. stone or bark on dead stump), it can be 
useful to stay in TI and wait until the predator is lured away by other, running mem-
bers of the aggregation. It can be gainer strategy even if the woodlouse is lost by the 
predator (drop or squeeze). In addition, the shorter duration of TI can be more useful 
if the lured-away predator is coming back to search for the last prey items. It can be 
an explanation for higher reactivity and shorter endurance for TI following drop and 
squeeze stimuli.

Studies have shown changes in behaviour according to the type of disturbing treat-
ment. Carbines et al. (1992) studied the character of escape mechanisms of isopods 
from predators. They measured turn alteration in a simple labyrinth and related it to 
the probability of survival (as direction of run). If the treatment was harmless cotton-
wool fluff, the probability of survival was much lower than if Dysdera spider preda-
tors were the agent of disturbance. It means an authenticity of stimulus affected its 
defensive behaviour; perhaps over time in our prolonged experiment the authenticity 
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of disturbance was decreasing. During one experimental set in our study, the reactiv-
ity increased in the third treatment while in the third treatment duration of TI was 
reduced. This resembles a situation when the isopod is (hypothetically) able to evaluate 
the meaningless stimulation of the experimenter and learn “to escape” from this situ-
ation by a more prompt TI response for a shorter time. As this “explanation” is rather 
implausible, shorter duration of TI in the last stimulus can be explained also by quick 
habituation of P. scaber to stable environmental cues, as was described by Anselme 
(2013). Habituation, i.e. changes of response to repeated stimulus was reported also 
for the aquatic crab Chasmagnathus granulatus (Tomsic et al. 2009).

Although our research is not the first to look into TI in terrestrial isopods, the 
results presented here enable to test repeatability of responses of individual isopods, 
i.e. its personality. The concept of personality was used for behavioural studies of some 
Crustacean species, mainly Decapoda, i.e. in crabs, hermit crabs, crayfishes (e.g. Briffa 
2013, Biro et al. 2014, Brodin and Drotz 2014), as well as Isopoda (Yli-Renko et al. 
2014). Among terrestrial isopods, the only study dealing with personality known to the 
authors was done by Matsuno and Moriyama (2012). They found a correlation between 
the walking speed and endurance of conglobation in some specimens of the Common 
pill bug Armadillidium vulgare. Nevertheless, this “stable internal factor” was found 
only in specimens showing a stable-style end of conglobation: specimens that finished 
conglobation in two trials by leg movement or antenna movement consistently, were 
more “brave” (shorter duration of tonic immobility) and ran faster compared to leg-
antenna “alternators” (i.e. specimens ending conglobation by antenna movement and 
leg movement in two trials). We also found correlations in individual specimens for 
duration of TI across different types of treatment and these correlations were found over 
three weeks (five experimental sets with 4 day breaks), meaning that there were some 
consistently more “bold” woodlice (short TI) and some more “shy” woodlice (long TI).

Correlations between length if TI, even if there is a decrease of endurance of TI 
during one experimental set, can be caused by habituation of isopods to repeated treat-
ment as well as their sensitivity to new type of treatment. Anselme (2013) found that 
P. scaber individuals are able to habituate to an environment in around 10 minutes. 
Over this time, they become less interested in stable stimulus and their activity de-
creased. In the same study woodlice preferred new stimuli (such as a new texture of 
substrate) if it was provided (Anselme 2013), or a random pattern of known stimuli 
(Anselme 2015), so there is some evidence of “curiosity” in P. scaber (although not 
studied at individual level).

Documented “boldness”, as a parameter of personality of P. scaber, is independent 
of size (age) of specimen. Hals and Beal (1982) reported that the largest specimens (> 
1 cm of length) of P. scaber reacted by TI at less intensity compared to smaller speci-
mens (< 1 cm). Similarly Quadros et al. (2012) found the same pattern in reactivity 
for Balloniscus sellowii. However we did not find significant differences in reactivity of 
woodlice in our three body-size groups, although there are differences in endurance of 
TI among groups. The longest reaction time was measured in medium-sized woodlice 
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(7–12 mm) and shortest in small-sized woodlice (< 7 mm). One explanation could be 
sought in terms of changes of the effectiveness of TI as a defence mechanism against 
predators. TI is not necessary for large woodlice against medium-sized and smaller 
predators, because large woodlice are less catchable and can use chemical defence: their 
glands are well developed and able to produce sufficient amount of secretions (Gorvett 
1956, Sutton 1970) in comparison to the less developed glands in smaller stages of P. 
scaber. As well TI would not be a successful protection for the smallest woodlice against 
predators such as Carabus or centipedes, as they are easy to manipulate. Indeed, the 
mortality of juvenile stages of isopods is estimated to reach 80% (Sutton 1970) and 
11–51% decrease in populations is caused by predation upon juveniles by inverte-
brates (Sunderland and Sutton 1980). This indicates TI can be a useful strategy mainly 
for medium-sized P. scaber specimens.

Besides finding differences in endurance of TI between body size groups, we also 
identified personal behavioural patterns in all tested individuals, as well as variation 
within these body-size groups. These findings are not able to resolve if personality is 
changing during individual development or not. Although behavioural traits can be 
stable across short time intervals, changes to personality due to development can cause 
inconsistency in responses to stimuli over longer time intervals (Stamp and Groothuis 
2010). We did not evaluate if traits remained the same over long time intervals, but 
this type of stability was not proved for marine isopod Idothea baltica recently (Yli-
Renko et al. 2015). Investigation of long-time stability of behavioural traits in terres-
trial isopods should be a possible goal of future studies.

Acknowledgement

We are grateful to Elisabeth Hornung and two anonymous reviewers for their valu-
able comments and suggestion. Megan Short (Deakin University, Australia) kindly 
improved the English of the manuscript.

References

Anselme P (2013) Sensitivity to tactile novelty in the terrestrial isopod, Porcellio scaber. Behavioural 
Processes 92: 52–59. doi: 10.1016/j.beproc.2012.10.007

Anselme P (2015) Enhanced exploratory activity in woodlice exposed to random visuo-tactile 
patterns. Learning and Motivation 50: 48–58. doi: 10.1016/j.lmot.2014.09.002

Biro PA, Adriaenssens B, Sampson P (2014) Individual and sex-specific differences in intrinsic 
growth rate covary with consistent individual differences in behaviour. Journal of Animal 
Ecology 83: 1186–1195. doi: 10.1111/1365-2656.12210

Briffa M (2013) The influence of personality on a group-level process: Shy hermit crabs make 
longer vacancy chains. Ethology 119: 1014-1023. doi: 10.1111/eth.12148

http://dx.doi.org/10.1016/j.beproc.2012.10.007
http://dx.doi.org/10.1016/j.lmot.2014.09.002
http://dx.doi.org/10.1111/1365-2656.12210
http://dx.doi.org/10.1111/eth.12148


Ivan Hadrián Tuf et al.  /  ZooKeys 515: 159–171 (2015)170

Briffa M, Rundle SD, Fryer A (2008) Comparing the strength of behavioural plasticity and 
consistency across situations: animal personalities in the hermit crab Pagurus bernhardus. 
Proceeding of the Royal Society B 275: 1305–1311. doi: 10.1098/rspb.2008.0025

Briffa M, Twyman C (2011) Do I stand out or blend in? Conspicuousness awareness and con-
sistent behavioural differences in hermit crabs. Biology letters 7: 330–332. doi: 10.1098/
rsbl.2010.0761

Brodin T, Drotz MK (2014) Individual variation in dispersal associated behavioral traits of the 
invasive Chinese mitten crab (Eriocheir sinensis, H. Milne Edwards, 1854) during initial 
invasion of Lake Vanern, Sweden. Current Zoology 60: 410–416. http://www.currentzo-
ology.org/temp/%7BB28E3435-1E42-4FDB-B4A7-B5E31EF176AC%7D.pdf

Broly P, Deville P, Maillet S (2013) The origin of terrestrial isopods (Crustacea: Isopoda: 
Oniscidea). Evolutionary Ecology 27: 461–476. doi: 10.1007/S10682-012-9625-8

Broly P, Mullier R, Deneubourg J-L, Devigne C (2012) Aggregation in woodlice: Social interac-
tion and density effects. ZooKeys 176: 133–144. doi: 10.3897/zookeys.176.2258

Carbines GD, Dennis RM, Jackson RR (1992) Increased turn alternation by woodlice (Porcellio 
scaber) in response to a predatory spider, Dysdera crocata. International Journal of Comparative 
Psychology 5: 138–144. https://escholarship.org/uc/item/2t8495g5

Csonka D, Halasy K, Szabo P, Mrak P, Štrus J, Hornung E (2013) Eco-morphological studies 
on pleopodal lungs and cuticle in Armadillidium species (Crustacea, Isopoda, Oniscidea). 
Arthropod Structure & Development 42: 229–235. doi: 10.1016/j.asd.2013.01.002

Dejean A (1997) Distribution of colonies and prey specialization in the ponerine ant genus 
Leptogenys (Hymenoptera: Formicidae). Sociobiology 29: 293–299.

Deslippe RJ, Jelinski L, Eisner T (1996) Defense by use of a proteinaceous glue: woodlice vs. 
ants. Zoology: Analysis of Complex Systems 99: 205–210.

Friedlander CP (1964) Thigmokinesis in woodlice. Animal Behaviour 12: 164–174. doi: 
10.1016/0003-3472(64)90118-6

Gorvett H (1956) Tegumental glands and terrestrial life in woodlice. Proceedings of the Royal 
Society of London 126: 291–314. doi: 10.1016/0003-3472(64)90118-6

Hals G, Beal K (1982) The death feint and other responses of the terrestrial isopod Porcellio 
scaber to a jarring stimulus. Ohio Journal of Science 82: 94.

Hazlett BA, Bach CE (2010) Individuality in the predator defense behaviour of the crab Heterozius 
rotundifrons. Behaviour 147: 587–597. doi: 10.1163/000579510X12629536366329

Honma A, Oku S, Nishida T (2006) Adaptive significance of death feigning posture as a specialized 
inducible defense against gape-limited predators. Proceedings of the Royal Society of London 
B 273: 1631–1636. doi: 10.1098/rspb.2006.3501

Lind J, Cresswell W (2005) Determining the fitness consequences of antipredation behavior. 
Behavioral Ecology 16: 945–956. doi: 10.1093/beheco/ari075

Matsuno H, Moriyama T (2012) Behavioral evidence for internal factors affecting duration 
of conglobation in pill bugs (Armadillidium vulgare, Isopoda, Crustacea). Acta Biologica 
Hungarica 63: 206–208. doi: 10.1556/ABiol.63.2012.Suppl.2.9

Miyatake T, Nakayama S, Nishi Y, Nakajima S (2009) Tonically immobilized selfish prey can 
survive by sacrificing others. Proceedings of the Royal Society of London B 276: 2762–2767. 
doi: 10.1098/rspb.2009.0558

http://dx.doi.org/10.1098/rspb.2008.0025
http://dx.doi.org/10.1098/rsbl.2010.0761
http://dx.doi.org/10.1098/rsbl.2010.0761
http://www.currentzoology.org/temp/%7BB28E3435-1E42-4FDB-B4A7-B5E31EF176AC%7D.pdf
http://www.currentzoology.org/temp/%7BB28E3435-1E42-4FDB-B4A7-B5E31EF176AC%7D.pdf
http://dx.doi.org/10.1007/S10682-012-9625-8
http://dx.doi.org/10.3897/zookeys.176.2258
https://escholarship.org/uc/item/2t8495g5
http://dx.doi.org/10.1016/j.asd.2013.01.002
http://dx.doi.org/10.1016/0003-3472(64)90118-6
http://dx.doi.org/10.1016/0003-3472(64)90118-6
http://dx.doi.org/10.1016/0003-3472(64)90118-6
http://dx.doi.org/10.1163/000579510X12629536366329
http://dx.doi.org/10.1098/rspb.2006.3501
http://dx.doi.org/10.1093/beheco/ari075
http://dx.doi.org/10.1556/ABiol.63.2012.Suppl.2.9
http://dx.doi.org/10.1098/rspb.2009.0558


Personality affects defensive behaviour of Porcellio scaber (Isopoda, Oniscidea) 171

Moriyama T (1999) Decision-making and turn alternation in pill bugs (Armadillidium vulgare). 
International Journal of Comparative Psychology 12: 153–170. https://escholarship.org/
uc/item/1wn9s57r

Moriyama T (2004) Problem solving and autonomous behavior in pill bugs (Armadillidium 
vulgare). Ecological Psychology 16: 287–302. doi: 10.1207/s15326969eco1604_2

Quadros AF, Bugs PS, Araujo PB (2012) Tonic immobility in terrestrial isopods: intraspecific 
and interspecific variability. ZooKeys 176: 155–170. doi: 10.3897/zookeys.176.2355

Reale D, Reader SM, Sol D, McDougall PT, Dingemanse NJ (2007) Integrating animal 
 temperament within ecology and evolution. Biological Reviews 82: 291–318. doi: 
10.1111/j.1469-185X.2007.00010.x

Řezáč M, Pekár S (2007) Evidence for woodlice-specialization in Dysdera spiders: behav-
ioural versus developmental approaches. Physiological Entomology 32: 367–371. doi: 
10.1111/j.1365-3032.2007.00588.x

Schmalfuss H (1984) Eco-morphological strategies in terrestrial isopods. Symposia of the Zoo-
logical Society of London 53: 49–63.

Smigel JT, Gibbs AG (2008) Conglobation in the pill bug, Armadillidium vulgare, as a water 
conservation mechanism . Journal of Insect Science 8: 1–9. doi: 10.1673/031.008.4401

Stamps J, Groothuis TGG (2010) The development of animal personality: relevance, 
concepts and perspectives. Biological Reviews 85: 301–325. doi: 10.1111/j.1469-
185X.2009.00103.x

Sunderland KD, Sutton SL (1980) A seriological study of arthropod predation on woodlice in 
a dune grassland ecosystem. Journal of Animal Ecology 49: 987–1004. doi: 10.2307/4240

Toledo LF, Sazima I, Haddad CFB (2010) Is it all death feigning? Case in anurans. Journal of 
Natural History 44: 1979–1988. doi: 10.1080/00222931003624804

Tomsic D, Berón de Astrada M, Sztarker J, Maldonado H (2009) Behavioral and neuronal at-
tributes of short- and long-term habituation in the crab Chasmagnathus. Neurobiology of 
Learning and Memory 92: 176–182. doi: 10.1016/j.nlm.2009.01.004

Witz BW (1990) Antipredator mechanisms in Arthropods: A twenty year literature survey. The 
Florida Entomologist 73: 71–99. doi: 10.2307/3495331

Yamaguchi T, Hasegawa M (1996) Anti-predation mechanisms of soil animals against ants. 
Edaphologia 57: 31–36.

Yli-Renko M, Vesakoski O, Pettay JE (2015) Personality-dependent survival in the marine 
isopod Idotea balthica. Ethology 121: 135–143. doi: 10.1111/eth.12323

Zimmer M (2002) Postembryonic ontogenetic development in Porcellio scaber (Isopoda: 
Oniscidea): the significance of food. Invertebrate Reproduction & Development 42: 
75–82. doi: 10.1080/07924259.2002.9652512

https://escholarship.org/uc/item/1wn9s57r
https://escholarship.org/uc/item/1wn9s57r
http://dx.doi.org/10.1207/s15326969eco1604_2
http://dx.doi.org/10.3897/zookeys.176.2355
http://dx.doi.org/10.1111/j.1469-185X.2007.00010.x
http://dx.doi.org/10.1111/j.1469-185X.2007.00010.x
http://dx.doi.org/10.1111/j.1365-3032.2007.00588.x
http://dx.doi.org/10.1111/j.1365-3032.2007.00588.x
http://dx.doi.org/10.1673/031.008.4401
http://dx.doi.org/10.1111/j.1469-185X.2009.00103.x
http://dx.doi.org/10.1111/j.1469-185X.2009.00103.x
http://dx.doi.org/10.2307/4240
http://dx.doi.org/10.1080/00222931003624804
http://dx.doi.org/10.1016/j.nlm.2009.01.004
http://dx.doi.org/10.2307/3495331
http://dx.doi.org/10.1111/eth.12323
http://dx.doi.org/10.1080/07924259.2002.9652512

	Personality affects defensive behaviour of Porcellio scaber (Isopoda, Oniscidea)
	Abstract
	Introduction
	Methods
	Subjects and housing conditions
	Procedure
	Data analysis

	Results
	Discussion
	Acknowledgement
	References

