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Abstract
Exploration behaviour is a complex trait that may have strong implications for the
fitness of individuals and the persistence of populations. Understanding the dif-
ferent exploration strategies is necessary to understand how animals may adapt to
changes in their environment including human-induced habitat fragmentation.
Behavioural syndromes are often thought to characterize exploration behaviour,
and within a population, individual strategies may vary from ‘bold’ to ‘shy’.
Although our understanding of behavioural syndromes has increased enormously
over the past decade, little is known about the presence of such syndromes in
frogs. Yet, frogs are particularly sensitive to changes in their environment because
of their ectothermic physiology and low mobility. Here, we investigate the explo-
ration behaviour of wild-caught male frogs under laboratory conditions to test
whether distinct behavioural strategies exist. We demonstrate the presence of
different behavioural syndromes with two of the syndromes that can be catego-
rized as ‘bold’ and ‘shy’, and a third one that is clearly intermediate. These
behavioural strategies are, however, independent of variation in morphology and
locomotor performance indicating that these two components of mobility (i.e.
behaviour and locomotor capacity) are decoupled and could thus respond differ-
entially to selection on mobility.

Introduction

Exploration behaviour was originally identified as ‘an inves-
tigative behaviour of a new environment’ (Scott, 1956). In
natural conditions, exploration behaviour is tightly linked to
dispersal and underlies the colonization of novel habitats.
Dispersal and migration are important to maintain gene flow
and to find reproductive partners, and to find food when
resources are scarce. However, the downside of exploration is
an exposure to predation (van Oers et al., 2004) and the need
to move through a potentially hostile environment in terms of
abiotic factors (e.g. temperature, humidity). Consequently,
exploration behaviour has a strong impact on fitness and is
likely under strong selection in natural populations (Smith &
Blumstein, 2008).

Exploration behaviour in animals is often linked to the
concept of behavioural syndromes and personality traits
(Cote et al., 2010). Exploration syndromes have been identi-
fied in many animals (Gosling, 2001; Bell, Hankison &
Laskowski, 2009) including invertebrates such as hermit crabs

(Watanabe et al., 2012), mammals (Shillito, 1963; Careau
et al., 2008; Uher, Asendorpf & Call, 2008; von Merten &
Siemers, 2012), birds (Carere et al., 2005) and fish
(Dingemanse et al., 2007). Within this context, two syndromes
are typically identified: bold and shy (Dingemanse & de
Goede, 2004; Wilson & Godin, 2009). Bold individuals are
those individuals that readily explore novel surroundings,
show little fear and take risks by moving around. At the
opposite, shy individuals do not tend to explore novel sur-
roundings, do not move a lot and avoid risk-taking behaviour.
Moreover, these personality traits have been shown to be
correlated to fitness and to be variable between populations
and species suggesting that they are under natural selection
(Smith & Blumstein, 2008).

Thus exploration behaviour is directly related to fitness
and selection on an individual’s mobility. Mobility is,
however, not only composed of behaviour, but is also
dependent on the physiology and locomotor performance
of an individual. Yet, studies linking performance abilities
to personality traits are exceedingly rare (Careau & Garland,
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2012) despite being essential to better understand selection
on mobility in relation to modifications of the natural
habitat such as habitat fragmentation. The current natural
environment is becoming exceedingly modified because of
global change, inducing an acceleration of the natural cycles
resulting in, among others, disturbed rainfall patterns
(Beaumont et al., 2010; Zelazowski et al., 2011). Moreover,
human-induced habitat fragmentation is common in many
tropical areas and selectively impacts biodiversity hotspots
and imposes additional selective pressures on natural popu-
lations of animals and plants (Ferraz et al., 2003; Dixo et al.,
2009). Yet, the effects of climate change and habitat frag-
mentation are not equal for all taxa. For example,
ectothermic species unable to regulate their body tempera-
ture and species with low mobility will likely be most
strongly affected by the processes of temperature change and
habitat fragmentation (Deutsch et al., 2007; Huey et al.,
2008; Dillon, Wang & Huey, 2010).

A group of animals particularly affected by global change
and habitat fragmentation are amphibians. This group is
characterized by a low overall mobility and a temperature
dependence of their physiology and performance, thus often
resulting in a tight adaptation to their local environment
(Ernst, Linsenmair & Rodel, 2006; Hillers, Veith & Rödel,
2008). How selection on mobility because of habitat frag-
mentation and global change may affect amphibians, and
more precisely their mobility, remains largely unknown.
However, studies on the invasion of Rhinella marina in Aus-
tralia have shown that strong selection for mobility at the
invasion front resulted in changes in both behaviour and
performance with subsequent profound impacts on morphol-
ogy and life-history traits (Phillips, Brown & Shine, 2010;
Tracy et al., 2012). This suggests that selection on mobility
may have large-scale cascading effects, and that mobility is
an important trait.

Here, we study the exploration behaviour in wild-caught
male Xenopus (Silurana) tropicalis under laboratory condi-
tions to test whether different behavioural strategies exist.
This species is of interest not only because it is a model
system in biology, but more specifically because its natural
habitat in the West African rain forest belt is becoming
increasingly fragmented (Hillers et al., 2008). Here, we
decided to study males more specifically because in many
frog species, males are more mobile than females and will
move during the breeding season to find sexual partners
(Wells, 1977). We analyse the movements of individuals
during the exploration of a novel environment and test
for the presence of behavioural syndromes. Moreover, by
correlating behavioural data to data on morphology and
performance, we test whether these behavioural syndromes
are driven by variation in underlying physiological perfor-
mance (Careau & Garland, 2012). If behaviour is decoupled
from performance, then this may, for example, allow animals
to circumvent constraints on the evolution of locomotor
capacity (i.e. because of the presence of physiological trade-
offs between burst performance and endurance capacity;
Wilson, James & Van Damme, 2002; Herrel & Bonneaud,
2012a).

Materials and methods

Animals

We focus on mobility in Xenopus (Silurana) tropicalis. Indi-
viduals of three sub-populations of X. tropicalis were caught
in Western Cameroon in 2009. Animals were transported to
France and housed at the Muséum National d’Histoire
Naturelle (MNHN) in Paris. Animals were maintained in 21-L
tanks mounted on three-shelf stand alone Xenopus frogs racks
(Aquaneering, Inc., San Diego, CA, USA) with the water
temperature set at 24°C. This temperature is close to the
optimal performance temperature of Xenopus (Herrel &
Bonneaud, 2012a) and similar to temperatures measured
under field conditions for ponds in the forest (Careau et al.,
2014). Animals were fed with beef heart and mosquito larvae
twice weekly. All individuals were pit-tagged (Nonatec,
Rodange, Luxembourg) allowing unique identification of
each individual. Thirty-seven male frogs were used in the
exploration behaviour experiments.

Morphology and performance

Morphological and performance data were taken from previ-
ously published measures of the same individuals (Herrel &
Bonneaud, 2012a,b; Herrel et al., 2012). Performance meas-
ures included swimming velocity and acceleration, as well as
terrestrial endurance capacity (time and distance jumped until
exhaustion).

Behavioural analysis

Frogs were filmed for 60 min with a Quickcam Pro 500
(Logitech, Inc. at Romanel-sur-Morges, Switzerland) set at 15
frames per second in a rectangular container (height: 0.98 m,
length: 0.40 m, width: 0.20 m) with a water level of 0.20 m
maintained at 24 ± 2°C (Fig. 1). Animals were introduced in
the tank and left quietly for 5 min before the onset of the
recording. Shelters were placed at the two extremities to
provide a hiding place. Each individual was tested three times
at different times of the day in a randomized way (morning:
09:00 am to 12:00 pm; early afternoon: 12:00–04:00 pm; late
afternoon: 04:00–08:00 pm). This allowed us to test the repeat-
ability of behaviour across different activity periods.

Videos were analysed using the ProAnalyst software
(Xcitex, Inc., Cambridge, MA, USA) by tracking all the
movements of the frogs during their exploration of the envi-
ronment for 1 h (Fig. 1). Coordinates of the snout-tip were
extracted and used to quantify exploration behaviour. Behav-
ioural variables included: (1) total distance moved in 1 h (cm);
(2) average, minimum and maximum speed of the movement
extracted from the video (cm s−1); (3) latency to the first and
second movements, and the time of the last movement (s); (4)
average, minimum, and maximum time of a round trip (s); (5)
time of all movements, of all movements without pauses, and
the total and the average time spent hidden between two
round trips (s); (6) number of complete round trips, total
number of movements, and the number of pauses; (7)
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frequency of movement; and (8) number of movements away
from the wall of the aquarium. In total, 19 variables were
extracted for each video.

Statistic analyses

Before analyses, all data were log10-transformed to conform to
assumptions of normality and homoscedascity for parametric
analyses. The repeatability of each variable was tested using
Pearson correlations, we exclude five parameters that were not
repeatable (i.e. no correlation across at least two of the three
trials: the minimal time of a round trip, the latency to the
second movement, the total time spent moving without
pauses, the total and average time spent hidden between two
round trips, and the number of pauses). Two outliers repre-
senting individuals with extreme behaviours were detected in
an initial exploration of the dataset. Both showed no explora-
tion behaviour at all and were consequently removed from the
dataset. However, all individuals were in good health and were
still alive at the time of the submission of the paper and
showed no weight loss.

To classify individuals with similar exploration behaviour,
a Gaussian mixtures model analysis (Banfield & Raftery,
1993) was used using the individual average of each repeatable
behavioural variable. The number of groups set to two given
that two types of exploration behaviour are typically recog-
nized among animals (‘shy’ and ‘bold’), and group member-
ship was saved. A Gaussian mixtures analysis is well suited to
detect groups based on biological data that show a multivari-
ate normal distribution (Banfield & Raftery, 1993; Baylac,
Villemant & Simbolotti, 2003). The validity of the assignment
of individuals to groups was tested using a cross-validation
test with a k-nearest neighbours (with k = 1) assignment based
on the training set determined by the Gaussian mixtures
approach (Ripley, 1996). The same procedure was then run
with three groups to test whether three groups gave a better
classification than just two. In both cases, the same two indi-
viduals were misclassified suggesting that two or three groups
represent the structuring of the data equally well. Based on an
exploration of the raw data, we decided to retain three groups

for our subsequent analysis as group three was behaviourally
distinct from the two other ones. However, analyses based on
two or three groups gave highly similar results (i.e. no differ-
ences in morphology or performance). In the two-group
analysis, the individuals from group three were classified
as belonging to group two. All clustering analyses were
performed in R using the Mclust and Class packages (R
Development Core Team, 2013).

To test which variables differed between the clusters iden-
tified, a multivariate analyses of variance (MANOVA)
coupled to univariate analyses of variance ANOVAs and post
hoc tests with Bonferroni correction were performed (Table 1)
(Hochberg, 1988). Finally, we tested whether behavioural
groups differed in morphology and performance using
MANOVA. All analyses were performed using IBM–SPSS
(V. 15.0, SPSS, Inc., Chicago, IL, USA).

Results

Exploration behaviour

Male X. tropicalis explore their environment with a mean
latency to the first movement of 592.4 s (range: 3.9–3291.0 s).
While doing so they cover a distance of 15.6 m in 1 h, on
average, ranging up to 76 m for the individual that moved
most. In contrast, one of the individuals moved only 66 cm,
illustrating strong differences in exploration behaviour among
individuals. Note that two individuals that did not move at all
were excluded from the dataset. On average, animals moved
35 min out of the 1 h recorded and stopped moving after
45 min. The average swimming speed during exploration is
12.8 cm s−1 (range: 1–60 cm s−1), remaining well below the
maximal swimming speed of this species (1.0–2.5 m s−1; see
Herrel & Bonneaud, 2012b).

Behavioural analysis

A clustering analysis using Gaussian mixtures performed on
the average behavioural data for each individual retained
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Figure 1 Figure illustrating the swimming
tank (top) and the tracking of the swimming
movements for 1 h for a mobile (left) and a
sedentary individual (right). Note that on each
side of the tank shelters are provided for the
animal. Below are illustrated the displace-
ments quantified for each of the two
individuals.
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three significant groups. The first group is composed of 17
individuals, the second group of 15 individuals and the third
group of three individuals. A MANOVA performed on the
average behavioural data detected significant differences
between the groups (Wilk’s lambda = 0.03, F28,38 = 6.42,
P < 0.001). Subsequent univariate ANOVAs showed that
groups were different for most variables except for the mean,
maximal and minimal speeds, and the time of the last move-
ment (all P > 0.05; see Tables 1 and 2). The time of a round
trip, the total number of movements, the total distance moved,
the total time moved without pauses and the frequency of
movement were significantly different among the three groups
(Table 3). Whereas the average time of a round trip and the
number of movements away from the wall of the tank were
similar for groups one and two, the total movement time, the
number of movements away from the wall, the latency to first
movement, and the maximal time of a round trip were similar
for groups two and three (Table 3). In general, the first group
was characterized by a high number of round trips, a large
number of movements, a greater total distance moved, a
shorter latency to the first movement and a higher frequency
of movement. Whereas group three showed opposite charac-
teristics, group two was generally intermediate between the
two with a longer latency than group three, but a later occur-
rence of the last movement.

Morphology and performance

Behavioural clusters were not significantly different in overall
body size (Wilk’s lambda = 0.77, F4,62 = 2.15 P = 0.09).
Indeed, neither body mass (F2,32 = 0.12, P = 0.89) nor snout-
vent length (F2,32 = 1.93, P = 0.16) were different between
groups. Moreover, behavioural clusters were not different in
head size (Wilks’ lambda = 0.83, F8,58 = 0.69, P = 0.70), fore-
limb dimensions (Wilks lambda = 0.67, F10,56 = 1.26, P = 0.28)
and hind limb dimensions (Wilks lambda = 0.74, F10,56 = 0.91,
P = 0.53). Finally, no significant different in locomotor per-

formance were detected among behavioural clusters (Wilks’
lambda = 0.80, F10,56 = 0.65, P = 0.76).

Discussion

Exploration behaviour

All variables retained in the analysis were repeatable across
trials despite the fact that animals were tested on different

Table 1 Results of analyses of variance testing for differences
between the three behavioural groups

Behavioural variable P-value F2,32

Number of complete round trips 0.00 43.90
Total number of movements 0.00 75.41
Total distance moved 0.00 66.89
Average speed 0.96 0.04
Maximal speed 0.58 0.56
Minimal speed 0.74 0.30
Average duration of a round trip 0.00 8.42
Maximal duration of a round trip 0.00 9.19
Latency to the first movement 0.00 25.84
Latency of the last movement 0.25 1.44
Duration of all movements 0.00 11.96
Duration of all movements without pauses 0.00 18.07
Number of movements away from the wall 0.03 3.79
Frequency of movement 0.00 59.18

Bold variables are those that are significantly different between groups.

Table 2 Results of Bonferroni post hoc tests testing for differences in
behaviour among groups identified using the Gaussian mixture model
analysis

Groups Mean
Mean
difference P-value

Number of complete
round trips

1–2 1.02 0.53 0.00
1–3 0.49 1.07 0.00
2–3 −0.04 0.54 0.00

Total number of
movements

1–2 1.56 0.45 0.00
1–3 1.11 0.82 0.00
2–3 0.74 0.37 0.00

Total distance 1–2 3.36 0.44 0.00
1–3 2.91 0.84 0.00
2–3 2.51 0.40 0.00

Average speed 1–2 1.10 0.00 1.00
1–3 1.09 0.01 1.00
2–3 1.08 0.01 1.00

Maximal speed 1–2 1.28 0.19 1.00
1–3 1.26 0.06 0.95
2–3 1.22 0.04 1.00

Minimal speed 1–2 0.87 −0.36 1.00
1–3 0.90 −0.01 1.00
2–3 0.88 0.02 1.00

Average time of a round
trip

1–2 1.91 0.15 0.29
1–3 1.77 −0.47 0.01
2–3 2.38 −0.62 0.01

Maximal time of a round
trip

1–2 2.58 0.36 0.00
1–3 2.22 −0.02 1.00
2–3 2.60 −0.38 0.07

Latency of the first
movement

1–2 2.20 −0.71 0.00
1–3 2.91 −0.70 0.00
2–3 2.90 0.01 1.00

Latency of the last
movement

1–2 3.44 0.15 1.00
1–3 3.42 0.10 0.30
2–3 3.34 0.08 0.48

Time of all movements 1–2 3.41 0.20 0.00
1–3 3.21 0.30 0.00
2–3 3.10 0.10 0.74

Time of all movements
without pauses

1–2 2.52 0.35 0.01
1–3 2.17 1.10 0.00
2–3 1.42 0.75 0.00

Number of movements
away from wall

1–2 0.59 0.05 1.00
1–3 0.54 0.35 0.03
2–3 0.24 0.29 0.08

Frequency 1–2 −2.37 0.41 0.00
1–3 −2.78 0.81 0.00
2–3 −3.18 0.40 0.00

Bold variables are those that are significantly different between groups.
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days and at different times of the day. The average behav-
iour thus represents a good proxy for an individual’s behav-
ioural strategy. Three significant behavioural clusters were
identified in X. tropicalis male frogs freely exploring a novel
environment. Animals in cluster one moved often and did so
at high frequency. Moreover, animals in cluster one explored
with limited pauses resulting in round trips of shorter dura-
tion. Animals grouped in behavioural cluster two displayed
an average number of movements of relatively short dura-
tion, yet began to move later. The few individuals grouped
together in the third cluster move very little, at low fre-
quency and stay hidden more, resulting in round trips of
longer duration.

The three behavioural clusters were identified using cluster-
ing methods that take into account all behavioural variables
under the assumption that each behavioural strategy shows a
normal distribution in a population. The retrieved clusters
were then cross-validated using an independent clustering
method, which showed that the grouping was robust (Fig. 2).
Interestingly, the grouping of individuals in either two or three
clusters was equally robust with the reassignment of individ-
uals showing the same two individuals being misclassified. The
three individuals comprising the third cluster, although being

classified as belonging to the second cluster if only two groups
are predefined, show a distinct and unique behaviour com-
pared with the entire sample characterized by extremely low
levels of exploration. In summary, three groups differing in
the amount of exploration and the time to the onset of explo-
ration were detected.

van Oers et al. (2004) showed the importance of the latency
of the first movement when investigating avian exploration
syndromes as this reflects the willingness of individuals to take
risks. Our analysis demonstrated differences among the three
clusters in the latency to the first movement. Indeed, animals
in cluster one start moving earlier than individuals in group
two, with the maximal latency observed for individuals in
cluster two. Generally, frogs moved close to the walls of the
tank and did not explore the centre much. This behaviour
involving exploration close to a physical structure such as a
wall reduces visibility to predators and provides some shelter
while exploring. Similar behaviours where animals disperse
and explore using landscape elements have been demonstrated
for other taxa (Baguette et al., 2013). Among our behavioural
clusters, animals in cluster three showed significantly less
movement away from the walls of the cage compared with the
animals in the other two clusters.

Table 3 Results of the MANOVAs and subsequent ANOVAs testing for differences in morphology and performance between groups

MANOVA ANOVA

Wilks’ lambda F P-value F P-value

Body size 0.77 2.16 0.85
Snout-vent length 1.93 0.16
Mass 0.12 0.89

Head dimensions 0.83 0.69 0.70
Head length 0.07 0.93
Head width 0.18 0.84
Head height 1.02 0.37
Lower jaw length 0.62 0.55

Forelimb segments 0.67 1.26 0.28
Humerus 0.76 0.48
Radius 0.01 0.99
Hand 0.05 0.95
Longest finger 2.15 0.13
Forelimb length 0.90 0.42

Pelvic girdle 0.10 0.12 0.98
Ilium length 0.16 0.85
Ilium width 0.10 0.90

Hind limb segments 0.74 0.91 0.53
Femur 1.92 0.16
Tibia 0.40 0.68
Foot 0.38 0.69
Longest toe 1.39 0.26
Hind limb length 1.23 0.31

Performance 0.802 0.652 0.763
Mean swimming velocity 0.62 0.55
Maximal swimming velocity 0.37 0.70
Maximal swimming acceleration 1.92 0.16
Endurance (maximal time jumped) 0.20 0.82
Endurance (maximal distance jumped) 0.04 0.96

ANOVA, analysis variance; MANOVA, multivariate analyses of variance.
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Behavioural syndromes

Behavioural syndromes (bold vs. shy) are typically recovered
in studies analysing exploration behaviour (Dingemanse & de
Goede, 2004; Wilson & Godin, 2009). Bold individuals are
defined, in this context, as those that show curiosity and a
willingness to explore; they move a lot at high frequency and
take risks by moving away from walls or other structures that
provide shelter. On the opposite end, shy individuals stay
hidden long, explore little and use landscape elements during
exploration to avoid open space. When analysing the behav-
ioural clusters discovered in our data, it becomes evident that
animals in cluster one can be characterized as bold, those in
cluster three as shy and those in cluster two as intermediate.
Indeed, our data show a large group of male X. tropicalis that
show a distinct, yet intermediate behaviour (cluster 2), that
cannot be characterized as neither shy nor bold: animals wait
longer than the shy ones before starting to explore their envi-
ronment, yet move frequently, similar to bold individuals.
Animals in this group may decrease risk-taking by waiting
longer before starting the exploration of the novel environ-
ment. This allows for an a priori analysis of the environment,
and once deemed safe, exploration starts. The consequence of
the longer wait before the onset of exploration may cause
missed opportunities to encounter potential food resources or
sexual partners compared with bold individuals. Thus, rather
than characterizing exploration behaviour into two groups,
we here suggest that three strategies may better describe the
exploration behaviour in X. tropicalis. When defining only
two groups, animals from clusters two and three group
together resulting in one group of shy (clusters two and three)
and one group of bold individuals (cluster one).

Male X. tropicalis from clusters one and three that conform
with the classical descriptions of behavioural syndromes can
be characterized as bold and shy, respectively. Bold individ-
uals are mobile, allowing them to encounter food resources or
reproductive partners more frequently, yet expose themselves
to an increased risk of predation (Dingemanse & Réale, 2005).
At the opposite end, shy individuals may come across less
resources or reproductive partners, but are less exposed to
predation, which may increase longevity. The overall fitness of
these two behavioural syndromes should be equal over
medium to long time spans as frequency-dependent selection
likely operates on such a two-strategy system (Wolf &
Weissin, 2012). However, bold animals may colonize new
areas more rapidly, may recover faster from stress, show
increased levels of inducible morphological defences and may
learn more quickly (e.g. Bridle et al., 2014; Hulthén et al.,
2014). Yet, our data show that other intermediate strategies
may also exist.

Given a scenario of habitat fragmentation as in the case of
X. tropicalis, however, bold individuals may be selected for,
given that they are likely to explore their environment more,
and thus may encounter new ponds and reproductive partners
more readily. As such, they may ensure gene flow between
fragmented populations. This does not mean, however, that
shy animals are incapable of exploring novel environments
(Wolf & Weissin, 2012), just that the time needed to do so is
greater. However, in the case of continuous and extensive
habitat fragmentation, shy individuals may not be able to
keep up with the rate of fragmentation and ultimately may be
selected against over the long term. Whereas gene flow is
assured by mobile individuals, sedentary individuals run the
risk of inbreeding, which may result in local extinction (Dixo
et al., 2009).

Is behaviour driven by variation in
morphology and performance?

Xenopus tropicalis is an aquatic pipid frog that spends most of
its time in water. Yet, like most frogs, X. tropicalis can both
swim and jump (Emerson & de Jongh, 1980; Nauwelaerts,
Stamhuis & Aerts, 2005) and the species shows overland
migrations during the rainy season (Rödel, 2000). Although
behavioural syndromes are the result of a behavioural char-
acterization of complex behaviours, they also underlie the
evolution of mobility. However, mobility is also dependent on
locomotor performance. Consequently, to understand mobil-
ity, both behaviour and performance need to be studied
(Careau & Garland, 2012). Indeed, in some cases, correlated
evolution of both behaviour and performance has been dem-
onstrated in cases of strong selection on mobility. For
example, cane toads on the invasion front in Australia are
characterized by both a more directional exploration of their
environment as well as morphological adaptations resulting in
greater locomotor performance (Phillips et al., 2010).

Our data suggest that exploration behaviour is decou-
pled from locomotor performance and morphology in
X. tropicalis. This is important as it implies that these param-
eters can be under selection without affecting the other. Thus,

Figure 2 Results of a discriminant function analysis performed on the
behavioural data to illustrate the three clusters retrieved in the cluster-
ing analysis. In black are indicated animals that move a lot at relatively
low latency. The white circles represent animals that move less and
have longer latency. Finally, the cluster of grey circles represents
animals that move very infrequently and take a very long time to
complete a round trip.
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whereas selection on exploration behaviour may take place,
this need not affect locomotor performance per se and may
allow animals to maintain levels of performance adequate for
both predator escape (aquatic burst performance) and the
exploration of novel areas (i.e. endurance). This pattern may
also suggest differences in the underlying genetic architecture
and the absence of pleiotropy between these traits. Whereas
the heritability of exploration behaviour has been demon-
strated for birds (Pulido, Berthold & Van Noordwijk, 1996;
Pulido et al., 2001; Dingemanse et al., 2002; Drent, van Oers
& van Noordwijk, 2002; van Oers et al., 2004), this remains to
be demonstrated for frogs such as X. tropicalis. Understand-
ing the genetic basis of variation in behaviour will greatly
increase our understanding of how selection may act on
animals in highly fragmented populations and is currently
under investigation.

Conclusion
We demonstrated stable, repeatable patterns of exploration
behaviour in male X. tropicalis. Moreover, in addition to the
two classic behaviours, ‘shy’ and ‘bold’, we identified an inter-
mediate strategy. In this species, behavioural strategies are
decoupled from morphology and locomotion performance.
As habitat fragmentation imposes strong selection on mobility
animals may respond by taking advantage of two complemen-
tary and independent strategies: behaviour and performance.
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