J Ethol (2011) 29:79-83
DOI 10.1007/s10164-010-0224-2

ARTICLE

The response to the social environment reveals sex-dependent
behavioural syndromes in the Bosca’s newt (Lissotriton boscai)

Pedro Aragon

Received: 26 January 2010/ Accepted: 24 May 2010/ Published online: 11 June 2010

© Japan Ethological Society and Springer 2010

Abstract There is growing evidence of correlated
behaviours across time, situations and/or contexts (behav-
ioural syndromes) in animals, and their link with fitness
makes these studies mandatory to understanding the spe-
cies’ behavioural and evolutionary ecology. Whereas the
role of the social environment on behavioural syndromes is
receiving increasing attention, experimental studies testing
whether environmental fluctuations govern sex-dependent
behavioural syndromes are scarce. I performed an experi-
ment to test for the existence of sex differences in activity
syndromes through a changing social environment. Males
and females of Bosca’s newt (Lissotriton boscai) were
faced with three social situations perceived through
chemical cues (own odour, no odour and same-sex con-
specific odours) to measure their activity levels. Compar-
isons of the activity levels showed that both males and
females discriminated the odourless stimuli from newt
odour (either their own or the conspecific stimuli). Whereas
activity levels were positively correlated between their own
and the odourless stimuli in both sexes, the association
between the odourless and conspecific stimuli was positive
in males but decoupled in females. This is the first exper-
imental evidence of sex differences in activity syndromes
of wild-caught animals in response to social changes.
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Introduction

The study of behavioural syndromes in animals, suites of
correlated behaviours across time and/or contexts, has been
receiving an increasing attention in recent years (Sih et al.
2004a). The importance of the study of behavioural syn-
dromes, personalities, copying styles, and temperaments in
animals is rooted in their link with fitness components, and
therefore with our understanding of the evolution, ecology,
and conservation of species (Sih et al. 2004a, b; Réale et al.
2007; Smith and Blumstein 2008). Behavioural correlations
have been documented in a variety of taxa in some behav-
ioural traits but not in others, posing interesting questions on
how such patterns have generated or decoupled, or why not.

Most studies of behavioural syndromes have focused on
the repeatability of mating behaviours in birds (Bell et al.
2009), and attention to the role of the social environment
on behavioural correlations has been paid only recently
(Rohr and Madison 2003; Aragén et al. 2006a; Cote and
Clobert 2007; Magnhagen and Bunnefeld 2009). Further-
more, sex differences in behavioural repeatability is rela-
tively unexplored and mainly focused on a reproductive
context in birds (Bell et al. 2009). There is only one study
explicitly designed to test for sex differences in behav-
ioural correlations regarding the social environment in
birds (Schuett and Dall 2009). It has been demonstrated
that environmental factors can play an important role in
how behavioural syndromes are originated (Bell and Sih
2007), and it has been known that a variety of selective
forces can shape male and female traits differently across
taxa (Bernal et al. 2007; Clutton-Brock 2007; Van Damme
et al. 2008). In concordance, previous findings suggest that
environmental fluctuations might be responsible for
antagonistic selection regarding sex on a bird personality
trait (Dingemanse et al. 2004).
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It is known that several species of newts can assess the
social environment through the presence of conspecific
chemical cues and respond accordingly to the perceived
potential intraspecific competition and/or mating opportu-
nities (Verrell 1983; Rohr et al. 2005; Aragén 2009a).
Also, sex differences in response to potential changes in
predation risk assessed from conspecific chemical cues
have been previously documented in newts (Rohr et al.
2002). Moreover, the existence of behavioural syndromes
in urodelians has been documented (Rohr and Madison
2003; Sih et al. 2004a). Individuals of the Bosca’s newt
(Lissotriton boscai) are able to discriminate the social
environment through chemical cues (Aragén et al. 2000;
Aragén 2009a), and males and females react differently to
social information from same-sex conspecifics (Aragon
2009b). Taking this background into account, the aim of
this study was to examine whether males and females of
the Bosca’s newt differ in behavioural syndromes with
regard to the social environment assessed through chemical
cues from same-sex individuals. I examined a simple case
within behavioural syndromes (Sih and Bell 2008), the
existence of correlations of the same behavioural trait
measured in different social situations.

Materials and methods
Study species

Lissotriton boscai is a small newt endemic to the Iberian
Peninsula. It inhabits shallow streams of slow-running
clear water with aquatic vegetation, and is one of the most
aquatic newts (Montori and Herrero 2004; Brea et al.
2007). Active adults can be observed in the water all year
except for mid-summer when they become terrestrial for
estivation, and the breeding period encompasses most of
the aquatic phase (Caetano 1982). Sexual dimorphism in
this species is less evident than in other newt species,
which appears to be a consequence of divergent selective
pressures (Aragén 2009b; Montori and Herrero 2004).
Male-male competition by sexual interference is intense in
L. boscai (Mouta-Faria 1995) whereas competition for food
among females is higher than among males (Aragén
2009b).

Housing

Newts were captured in October—November 2009, at the
beginning of the breeding period (Brea et al. 2007). I
collected 30 adults (15 males and 15 females) from a
stream located in Navia (Asturias province, northern
Spain). Newts were transferred 2.5 km from the capture
site and were individually housed in aquaria (20 x 30 cm)
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containing water (10 cm of depth). After gently drying
individuals, I weighed them to the nearest 0.01 g (males:
mean £+ SE = 149 £ 0.04 g; females: mean £+ SE =
2.04 £ 0.054 g) and measured their lengths to the nearest
0.5 mm (males: mean + SE = 71.06 & 1.13 mm; females:
mean &= SE = 78.33 & 1.02 mm). Newts were fed once a
day by placing a piece of Lumbricus of similar size in the
front of the newts’ snout, which was gulped down within a
few seconds.

Behavioural assays

I performed an experiment to test whether newts respon-
ded differently to different social environments assessed
through chemical cues, and whether behavioural correla-
tions across social situations differ between sexes. Each
individual responded to three treatments in a repeated
measures design (Quinn and Keough 2002), and in a
randomised and balanced order of presentation to avoid an
order effect (Réale et al. 2007). Newts were held with the
same water for 5 days before using odours in trials, which
is sufficient time to allow the detection and discrimination
of conspecific chemical stimuli contained in water
(Aragdn et al. 2000; Aragén 2009a). For each trial, the
focal individual was transferred to an experimental
aquarium (20 x 30 cm) and confined to an opaque cyl-
inder (8 cm in diameter) in the middle of the aquarium
during 1 min for habituation. Cylinders served as shelters
where all newts remained at rest inside ensuring the same
initial conditions through treatments. The time that newts
spent active (mainly displacing through the aquaria, but
also ascending to breathe or moving any part of their
body) was recorded in experimental aquaria containing
water (400 cl) with their own chemical signals, water
without newt odour, and water with odour from other
same-sex conspecific. All individuals were handled in the
same way through treatments. For the conspecific odour
treatment, focal individuals and their corresponding odour
donors were size matched so that they were within 2 mm
of the same size. To begin a trial, the opaque cylinder was
gently removed, allowing the focal individual to move
freely through the experimental aquarium for 10 min. I
performed 90 trials [(15 males + 15 females) x 3 treat-
ments] in the morning when individuals were fully active.
No newt was tested more than once per 4 days (Aragén
2009b). The experiment was performed with water at
14°C, which was within the temperature range measured
in their stream (13-14.5°C), and within the range
observed during the entire aquatic phase of this species
(Mouta-Faria 1995). All trials were recorded with a
camcorder aligned perpendicularly to the experimental
aquarium. After the experiment, newts were returned
healthy to their capture point.
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Statistical analyses
Treatment effect

To test for a differential response to the treatments, data
were analysed with a repeated measures ANOVA with
treatments as the within-subject factor, sex as the between-
subject factor, and the time spent active as the response
variable. The interaction between factors was included in
the analyses to test whether the response to different
treatments was dependent on sex. I then performed planned
comparisons for each pairwise test (Quinn and Keough
2002), and significance was verified with the sequential
Bonferroni adjustment of Rice (1989).

Behavioural syndromes

Whereas pairs of treatments that do not differ significantly
might be considered as analogous situations, those signif-
icantly different can be considered as different social sit-
uations, and therefore suitable for examining behavioural
syndromes regarding changes in the social environment. To
test for behavioural correlations through a changing social
environment, I performed ANCOVAs with the time spent
active in one treatment as the response variable, sex as the
between-subject factor, and the other treatment as a
covariable. The interaction between the sex and the
covariable was included to test for sex differences in
the slopes of the regressions of the response variable on the
covariable (Quinn and Keough 2002). In case of a signif-
icant interaction, I performed Pearson correlations between
the response variable and the covariable for males
and females separately. Normality was verified with
Kolmogorov—Smirnov tests and homocedasticity across
sexes and/or treatments were tested with Levene’s tests
(Quinn and Keough 2002). Data were analysed with the
software STATISTICA 7.0 (StatSoft 2004).

Results

There was a significant treatment effect in the time that
newts were active (repeated measures ANOVA: Fys¢ =
4.83, P = 0.011; Fig. 1), and the interaction between sex
and treatment was not significant (F;s¢ = 1.0430,
P > 0.35). The activity level was significantly higher in the
odourless water than in the conspecific water (Fj,g =
10.82, P = 0.002) and than in their own odour (F;,g =
5.81, P = 0.022), whereas there were no significant differ-
ences between their own odour and the conspecific odour
(F128 = 0.82, P = 0.372). Variances did not differ signifi-
cantly between sexes in any treatment nor across treatments
within sexes (Levene’s tests: 0.23 < P < 0.92).
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Fig. 1 Time (mean = standard error, n = 30) that Lissotriton boscai
newts spent active in aquaria containing their own chemical cues, no
odour, or those from other same-sex conspecifics during periods of
10 min

The activity level in the odourless water was significantly
associated with that of their own odour (ANCOVA: main
effect, F'; 56 = 18.14, P < 0.001; Fig. 2a), and there was no
significant effect of the interaction (F),¢ = 0.001,
P > 0.97). The activity level in the conspecific water was
significantly associated with that of the odourless treatment
(ANCOVA: main effect, F 6 = 7.27, P = 0.01), and the
interaction was significant (Fj,c = 5.81, P = 0.02;
Fig. 2b). Pearson correlations revealed a significant positive
association between the conspecific odour and odourless
treatments in males (r = 0.77, F; ;3 = 19.11, P < 0.001),
but not in females (r = 0.05, F; ;3 = 0.03, P > 0.84).

Discussion

In this experiment, newts showed the lowest mean activity
level in the presence of conspecific odours, the highest in
the odourless water, and it was intermediate in the presence
of their own odour. Individuals discriminated between the
odourless water from their own or conspecific stimuli, but
not between their own and conspecific stimuli. Similarly,
another experiment with L. boscai males revealed that
individuals avoid ponds with no conspecific odour while
selecting those with their own or conspecific stimuli in
similar proportions (Aragén et al. 2000). Consistently,
other studies did not provide evidence for site defence or
territoriality for the genus Lissotriton (Verrell and McCabe
1988), including L. boscai (Aragdn 2009a). Even territorial
species of salamanders out of the breeding period may be
attracted to conspecific chemical cues when the other
choice is a substrate with no odour (Verrell and Davis
2003). Previous studies with vertebrates showing conspe-
cific attraction have suggested that individuals might assess
site quality through conspecific chemical cues (Hurst et al.
1996; Luque-Larena et al. 2001; Aragdn et al. 2006b).

@ Springer



82

J Ethol (2011) 29:79-83

o

240
220
200
180
160
140
120
100
80 P ",,o{j
6010 A

40 ’
20 o

O females
A males

Activity level in odorless water (s)

50 100 150 200 250 300 350
Activity level in water with their own odor (s)

240
220 o
200
180
160
140
120
100

80 _
ol . .
40
20}

=3

Activity level in odorless water (s)

o

20 40 60 80 100 120 140 160 180 200
Activity level in water with conspecific odor (s)

Fig. 2 Relationships between the time that Lissotriton boscai newts
spent active in aquaria with no odour and a that with their own odour,
b that with odour from other same-sex conspecifics during periods of
10 min. Solid lines are for males (a: y = 87.31 4+ 0.50x, b: y =
73.72 + 0.66x), dashed lines for females (a: y = 60.55 + 0.49x,
b: y = 109.17 + 0.05x), and dotted lines represent those in which x
equals y

In this way, juvenile red-spotted newts, Notophthalmus
viridescens, are attracted to chemical cues from same-age
individuals to mitigate effects of environmental stress, and
they also show higher activity levels in the treatment
without newt odour than in the conspecific odour treatment
(Rohr and Madison 2003). Furthermore, the activity of
juvenile newts was positively correlated across treatments
of moisture fluctuations, although the sex of individuals
were unknown (Rohr and Madison 2003).

The relationship between the responses to the odourless
stimulus and those to their own stimulus showed high
repeatability in activity, at least in the short-term, indepen-
dently of sex. On the other hand, the largest difference
between treatments was detected between the odourless and
the conspecific odour treatments, indicating unequivocally
that these treatments represent two different situations for
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newts, which is a requirement to elucidate patterns of
behavioural syndromes regarding changes in the social
environment. Interestingly, in this case, a linear model
showed a significant interaction effect between sex and the
association through treatments, revealing sex differences in
the relationship between social (conspecific odours) and
asocial situations (odourless water). In fact, there was a
strong positive association only in the case of males, whereas
the correlation was decoupled in females. This is not a by-
product of variance differences since they were homoge-
neous between sexes in all treatments and within sexes
across treatments. In the same way, the sex differences
obtained here cannot be attributed to differences in sample
sizes as the number of males and females was equal.

It has been shown that the social environment may
differently modulate the expression of behavioural
syndromes for different behavioural types in perches,
such as bolder individuals changed their behaviour less
between social and asocial situations than did shyer ones
(Magnhagen and Bunnefeld 2009). Regarding sex differ-
ences in repeatability, studies on parental care in house
sparrows revealed males to be more consistent than
females (Schwagmeyer and Mock 2003; Nakagawa et al.
2007). In addition, a meta-analysis showed that adult males
were more repeatable regarding mate preference than
females (Bell et al. 2009). In agreement to the present
study, zebra finches in a foraging context showed that
males were not more exploratory but behaved more con-
sistently across social and asocial situations than females.
This finding holds despite individuals of both sexes influ-
encing each other’s exploratory behaviour within a social
situation where the stimuli were opposite-sex companions
(Schuett and Dall 2009). In the present study, sex-depen-
dent behavioural syndromes were modulated by a social
situation where the stimuli were chemical signals from
same-sex conspecifics but in the absence of the signallers,
and therefore independently of the conspecific behaviour.
Considering a cost-benefit scenario, several ultimate
mechanisms have been proposed for differences in corre-
lated behaviours, such as the net benefits of specialisation,
the net benefits of consistency per se, and the social net
benefits of predictability (Sih and Bell 2008). Although the
scope of the present study does not elucidate which
mechanisms are involved, it is likely that newts were faced
with a treatment manipulation that generated sex differ-
ences in the cost-benefit ratio revealing in this way sex
differences in behavioural syndromes.

It has been known that the patterns of behavioural cor-
relations can vary among populations suggesting that dif-
ferences in environmental factors can modulate these
correlations (Bell 2005; Dingemanse et al. 2007). For
instance, exposure of three-spined sticklebacks to predation
risk variations can generate behavioural syndromes
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produced by both selection by predators and behavioural
plasticity (Bell and Sih 2007). Interestingly, it has been
shown that annual adult survival of great tits was related to
a personality trait (exploration), that this relationship had
opposite trends for males and females, and that these trends
were reversed by environmental fluctuations (Dingemanse
et al. 2004). Further studies are needed to examine whether
sex differences in behavioural syndromes across social
situations are generated by selection, plasticity or both.
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