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Abstract Recognition and avoidance of conspecifics based on
chemical cues could reduce the risk of aggressive interactions
between males. Success in agonistics encounters with unfamil-
iar males should be lower than with previously known familiar
males. Then, males should avoid the chemicals from unfamiliar
males with respect to those from familiar males. However,
boldness and size could affect the outcome of encounters
between males and, consequently, the response to chemical
cues of conspecific males. We compared the time spent by
male turtles Mauremys leprosa in water pools with chemical
stimuli from unfamiliar or familiar males or with their own
chemical stimuli. We also performed a behavioral test to esti-
mate boldness of turtles in an antipredatory situation. Turtles
avoided the chemicals from unfamiliar males respect to familiar
ones and their own odors, but their responses depended on
boldness and size of the tested turtle. Bold turtles avoided water
with chemicals of unfamiliar males, but not with chemicals of
familiar males, whereas shy turtles avoided chemicals of both
familiar and unfamiliar males. On the other hand, large males
avoided the odor from unfamiliar males, but small males did
not avoid water with the odor from other males. Results suggest
that male M. leprosa can detect chemicals released to water
from conspecific males and discriminate between familiar and
unfamiliar males. However, responses to these chemicals
depended on boldness and body size of the responding turtle
because these factors may affect intrasexual competition.
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Introduction

Animals should adopt strategies to avoid or minimize the
level of aggressive interactions, thereby reducing the asso-
ciated costs of fighting (Maynard Smith 1982; Huntingford
and Turner 1987; Marler and Moore 1988). By assessing in
advance their potential opponents and the own possibilities
of winning, individuals may predict the outcome of a fight
and initiate aggression or retreat (Maynard Smith 1982;
Huntingford and Turner 1987). Probability of winning
may depend on physical characteristics such as body size.
For example, larger individual males have a greater fighting
ability and are usually dominant in contests over smaller
ones (e.g., López and Martín 2001). In addition, individuals
may vary consistently in several personality traits (Réale et
al. 2007), including boldness, which can be defined as the
reaction of an individual to risky situations such as those
occurring in encounters with predators or in agonistic inter-
actions with conspecific competitors. The personality of an
individual may also determine its predisposition to engage
in agonistic fights and, thus, its probabilities of winning a
fight. For example, personality traits are related to the rank
attained in a dominance hierarchy in fish (Sundstrom et al.
2004; Colleter and Brown 2011), and boldness affects the
outcome of fights in mice (Fuxjager et al. 2010).

When two individuals have already fought each other,
prior experience may influence their fighting behavior when
they meet again. Usually, when social relationships between
two familiar males have been already established, further
fights in subsequent agonistic encounters will be of lower
intensity or even replaced by ritualized displays (e.g.,
Glinski and Krekorian 1985; Olsson 1994; Whiting 1999;
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López and Martín 2001). Reduced aggressions between
neighbors, the so-called “dear enemy” recognition (Fisher
1954), should prevent escalated encounters between them,
minimizing the energy expended in agonistic interactions
(Jaeger 1981; Glinski and Krekorian 1985; Qualls and
Jaeger 1991). However, this requires that individuals were
able to recognize each other. Therefore, the mechanisms that
allow the recognition of familiar conspecifics (e.g., Carazo
et al. 2008) might help to reduce the frequency and intensity
of aggressive encounters.

Many species of reptiles present several recognition
mechanisms, above all chemical systems that are wide-
spread and are involved in many social interactions such
as in sex and individual recognition, territoriality, intrasex-
ual aggressions between males, and female mate choice
(Mason and Parker 2010; Martín and López 2011).
Chemical cues are used in intrasexual relationships between
male lizards, where they can contribute to reduce costs of
aggressive interactions (Carazo et al. 2007, 2008; Martín et
al. 2007; López and Martín 2011). Responses to chemical
cues of familiar and unfamiliar males should be different.
For example, male Iberian rock lizards avoid scent marks
from unfamiliar conspecific because the probability of suc-
cess in an agonistic encounter with an unknown male is low
(Aragón et al. 2001, 2003). Chemical cues are also poten-
tially important in intraspecific communication of some
turtles (Muñoz 2004; Poschadel et al. 2006; Galeotti et al.
2007; Lewis et al. 2007; Polo-Cavia et al. 2009). For exam-
ple, males of some freshwater turtles can discriminate chem-
ical cues of conspecifics in water and use this information to
avoid encounters and agonistic interactions with other males
(Poschadel et al. 2006; Polo-Cavia et al. 2009; Ibáñez et al.
2012). Spanish terrapins (Mauremys leprosa) are able to
recognize several characteristics of potential opponents,
such as body size, through chemicals released by these in
water (Ibáñez et al. 2012).

In this context, here, we examined whether male M. lep-
rosa turtles were able to recognize and distinguish familiar
from unfamiliar males via chemical cues released to water,
and whether male turtles may modify their space use based on
this information alone. We hypothesized that males should
avoid pools containing water with chemicals from unfamiliar
males respect to pools with water with chemicals from famil-
iar males or with water with their own odor. We also investi-
gated the effects of body size and boldness of male turtles on
their response to chemical cues of familiar and unfamiliar
conspecific males. Several field studies have shown that larger
turtles displaced smaller individuals more often than the con-
verse during basking activity (Bury andWolfheim 1973; Bury
et al. 1979; Lovich 1988; Lindeman 1999). Small male M.
leprosa may prevent agonistic encounters, where they could
have previous disadvantage, detecting and avoiding the chem-
icals released by larger and stronger males (Ibáñez et al. 2012).

In this study, to avoid the effect of size differences, each male
always was tested against the odor of other males of similar
size (see “Methods”). We predicted that large unfamiliar
males, but not small unfamiliar males, could represent a
potential dangerous situation during competition for resources
or agonistic interactions between males. Thus, we expected
that large males avoided the chemical cues from large unfa-
miliar males, but not the chemical cues from large familiar
males or their own odor. In contrast, small males might not
need to avoid the odors from other small unfamiliar or familiar
males because aggression levels between small males would
be low.

Coevolution of personality traits could be driven by
predation regime (Huntingford 1976; Dingemanse et al.
2007), but it also could be driven by competition between
conspecifics, potentially by sexual selection (Colleter and
Brown 2011). In lizards, males with larger heads are more
dominant in agonistic interactions (López and Martín 2002)
and spent less time inside the refuge after a predatory attack
(López et al. 2005). Bold individuals with respect to social
interactions may be bold also under threatening situations
because of high testosterone levels (Huntingford 1976;
Kagan et al. 1988; Tulley and Huntingford 1988; Godin
and Crossman 1994). Personality shown during antipredator
responses is often related to social dominance in agonistic
encounters (López et al. 2005; Colleter and Brown 2011).
Thus, we expected that turtles that showed a bold or shy
behavior during antipredator test should act equally in re-
sponse to chemical cues of other males. Hierarchy formation
in turtles depends on the ability to obtain food and appeared
stable over time (Froese and Burghardt 1974). We expected
that during the familiarization process, bold male turtles
became dominant or, at least, more successful in competi-
tion than shy males. Thus, bold male turtles should avoid the
chemicals from unfamiliar males, but not from familiar
males because they could have established a previous hier-
archy with them, and these bold turtles would be very likely
dominant. In contrast, shy turtles should avoid the chemicals
from any kind of male because they are likely to be domi-
nant on shy males.

Methods

Animals and study sites

The Spanish terrapin (M. leprosa) is a thermophile medium-
sized semiaquatic turtle, which is found in southwestern
Europe and northwestern Africa (Busack and Ernst 1980;
Da Silva 2002). It preferably inhabits ponds and streams
with riparian vegetation, being less common in large rivers
and reservoirs. Males are sexually mature at 7 years old,
with about 12 or 14 cm carapace length (Pérez et al. 1979).
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During March 2011, we used funnel traps to capture adult
male turtles in several small streams, ponds, and tributaries
of the Guadiana River located within dehesa oaklands
(Alconchel and Olivenza, Badajoz Province, SW Spain).
We used a modified version of the traditional underwater
funnel traps, which include a mesh chimney that reaches
from the body of the trap to the surface allowing the turtles
to come to the surface to breath (Kuchling 2003; T & L
Netmaking, Mooroolbark, Victoria, Australia). We baited
traps with sardines and protected them from terrestrial pred-
ators by waiting in the proximity. We revised the traps every
hour to collect turtles. All collected turtles were alive and
did not show any sign of being stressed inside the traps.

Turtles were transported to “El Ventorrillo” Field Station,
near Navacerrada (Madrid Province) where experiments
were conducted. Turtles were housed in individual outdoor
plastic aquaria (60×40×30 cm) containing water and rocks
that allow turtles to bask out of water. The photoperiod and
temperature were the same as those of the surrounding area.
Turtles were fed three times a week with minced meat,
earthworms, and a commercial compound of fish “pellets.”
Turtles were held in captivity for more than 2 weeks before
starting the experiments to allow acclimation to captivity
conditions. All individuals were healthy and in good condi-
tion during the tests, and at the end of experiments, all of
them had maintained or increased their body mass. Turtles
were then returned to the exact locations of capture.

Male turtles were measured with a metal ruler (precision
0.1mm). Carapace length (i.e., the greatest straight-line distance
from the anterior end to the posterior end of the shell) ranged

between 165 and 197mm (Xþ 1±1 standard error (SE)=176±
0.2 mm, N=20). Individuals with carapace lengths below and
above the median in the sample were classified as “small”
(<176mm,N=10) and “large” (>176mm,N=10), respectively.

Familiarization procedure

Familiarity was established by housing pairs of male turtles
together in the same aquaria for 2 weeks before the experi-
ments began. Each pair of “familiar males” was composed of
two turtles of similar body size from the same capture site
(Olivenza or Alconchel). During the familiarization period,
turtles basked and ate normally. Individuals basked on the
brick, alone, or stacked one on the top of the other, given the
small emerged area available for basking. Thus, one turtle
could displace the other during basking activity (Lindeman
1999; Cadi and Joly 2003; Polo-Cavia et al. 2010). Similarly,
sometimes, one turtle displaced or bit the other while compet-
ing for food items (Polo-Cavia et al. 2011). These observa-
tions indicated that males interacted and competed for the
resources during this period. However, turtles did not show
any signs of stress (e.g., stopping or reducing their eating or
basking activity), and all maintained good condition.

We considered as “unfamiliar males” those that had not
been maintained together in the same aquaria during the
2 weeks prior to the experiments and that had been captured
in two different study sites (Alconchel or Olivenza), which
are separated by 25 km, within the same turtle population. In
similar terrapin species, home range size of males varied
between 0.7 and 5.6 ha (Schubauer et al. 1990; Rowe and
Dalgarn 2010). Thus, with this procedure, we were confi-
dent that males from the different capture sites had not had
any interaction in the field before being captured. We cannot
rule out the possibility of differences between capture loca-
tions in chemical composition of the pheromones released to
water by male turtles, which might confound population
with the time spent together in the familiarization treatment.
However, genetic- or phenotypic-dependent differences in
chemical secretions of turtles between study sites are highly
unlikely. This is because both capture sites belong to the
same turtle population, which is distributed uniformly
through the study area occupying several freshwater sys-
tems interconnected by a main river and with almost iden-
tical ecological conditions. Therefore, we considered that
any differences between study sites should be very small
and should not affect to our experiment.

Boldness

The boldness of male turtles was estimated by simulating a
predatory attack, turning over them onto their own shell
with the plastron upside. Thus, we reproduced a high-risk
situation where the turtle had to turn itself back to its normal
position (i.e., righting response) before escaping of possible
following attacks by the predator (Martín et al. 2005). We
considered two stages in the righting response of turtles, the
appearance time, and the mechanical righting time (see
below). The first time represents the behavioral decision of
turtles on when starting (Martín et al. 2005), while the
second one depends mainly on physical traits and physio-
logical state of turtles (Steyermark and Spotila 2001;
Elnitsky and Claussen 2006). During the appearance time,
turtles entirely withdrawn into their shell had no visual
information of the predator surroundings. Turtles must ac-
curately assess the costs of remaining overturned vs those of
returning to natural position and properly determine the
optimal time to initiate righting, basing on this trade-off
(Martín et al. 2005). Similarly, turtles and other animals adjust
the time spent inside refuges or withdrawn within the shell, so
that the optimal time to emerge occurs when the costs of
staying equal the costs of leaving (Sih 1997; Martín et al.
2005; Cooper and Frederick 2007; Polo-Cavia et al. 2008).
Specifically, overturned turtles may suffer increased predation
exposure, overheating, or difficulties to breath, but righting
response requires a particular energy effort related with vari-
ables such as health and nutritional state or temperature, which
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may also vary over time. In this way, when starting to right
(i.e., the duration of the appearance time), this may be deter-
mined by the probability of righting success by turtles, which
depends on individual intrinsic variables and external factors
that affect their physiological response.

All the tests were performed at midday, and the air
temperature was always around 25 °C (digital thermometer,
accuracy of ±0.1 °C). Before the beginning of the tests,
turtles were in their individual own home aquaria, where
they could bask and attain an optimal body temperature. To
standardize the trials, the same person (AI) performed all the
tests and always followed the same procedure. The experi-
menter gently took a turtle from its home aquaria and
handled it briefly while moving it to an open grassy area
located 5 m from the aquaria. Thus, the time of handling
was similar for all the tests. Then, the turtle was placed on
the ground onto its carapace with the plastron upside.
Turtles typically spent some time entirely withdrawn in the
shell, after which they put the head partially out and scanned
the surroundings. Then, turtles put the head, neck, and legs
entirely out from the shell and started to right. From a
hidden position and always at the same distance (5 m) from
the tested turtle, the experimenter used binoculars to observe
it and, by using a stopwatch to the nearest second, recorded
the time spent hidden into the shell until the turtle emerged
from the carapace, and the eyes could be seen from above
(appearance time) and the total time taken by the turtle to
turn back (righting time). Each turtle was tested and turned
down at only one time. Because the appearance time repre-
sents the time spent into the refuge (shell) before starting to
escape (Martín et al. 2005; Polo-Cavia et al. 2008), we used
this time to calculate a “boldness index.” Shy males should
spend more time hidden inside the refuge (i.e., shell) and
delay the start of an active escape from the predator in
comparison to bold males, which should have shorter ap-
pearance times. Thus, we used the median of the appearance
time to classify males as “shy” (i.e., values above the me-
dian) or “bold” (i.e., values below the median).

Choice of water pools

We analyzed the use by male M. leprosa of pools with water
containing (1) their own chemical stimuli, (2) chemical stimuli
of familiar males, or (3) chemical stimuli of unfamiliar males.
The experiments were conducted outdoor using two artificial
pools (two plastic containers of 60×40×15 cm) connected by
stone ramps that allowed turtles to move easily from one pool
to another and to bask out of water (Ibáñez et al. 2012). In each
trial, one of the pools contained clean water, and the other was
filled with water containing chemical stimuli. Clean water was
obtained from a nearby mountain spring stream that did not
contain turtles. Water with different chemical stimuli came
from the individual containers where turtles were kept

separately. To obtain the water with chemical stimuli, we filled
individual containers with clean water to about half of the
container (18 l) and left the turtle there for 3 days. During this
time, we did not provide food to avoid possible contamination
of water with food chemicals. Thus, clean water was impreg-
nated only with the scent of each turtle (Ibáñez et al. 2012).

Each focal male was tested in three different trials: “clean
water vs own,” “clean water vs familiar male,” and “clean
water vs unfamiliar male.” To remove possible effects due to
differences in size between the focal male and the male donor
of the chemical stimuli, each male was tested with chemicals
of other males of similar size. Differences in carapace length
between the focal male and the male donor of the chemical
stimuli were very small and ranged between +10 and −13 mm
in the familiar treatment and between +29 and −13 mm in the
unfamiliar treatment. These differences did not significantly
differ between treatments (GLMM; F1,19=1.64, P=0.21) (see
below). All experimental treatments were presented to each
individual in random order and balanced. The positions of the
pools were also randomized. The experiments were spaced in
time at least 2 days, and no individual participated in one
experiment on two successive days to avoid the possible
stressful effects on the next test. Tests were only made on
sunny days when the turtles were active, excluding very
cloudy and rainy days. Wemonitored the temperature of pools
at the beginning of the experiments (with a digital thermom-
eter, accuracy of ±0.1 °C), the illumination intensity, and the
depth of the water column to ensure that these conditions were
similar in both pools during all trials (DeRosa and Taylor
1980). After each test, all pools and ramps were cleaned with
clean water and allowed to dry outdoor to avoid contamina-
tion with other smells.

Before starting each trial, turtles were allowed to bask for at
least 2 h in their home containers. At the beginning of each
test, a turtle was gently placed in the middle of the stone ramp
linking the two experimental pools, to avoid any initial bias in
choosing a pool or another. Turtles were usually very active,
shifting between pools more frequently at the beginning of the
experiment and less frequently as time passed by. We used the
instant registration procedure, monitoring each turtle from a
hidden position for 2 h and noting the location of the individ-
ual every 5 min (24 total records for each turtle in each test). In
each record, if the turtle was inside one of the two pools (clean
or chemical stimuli), it was designated as having chosen
temporarily that particular pool, whereas if the position of
the turtle was not clear (e.g., on the ramp), it was designated
as having made no choice (Ibáñez et al. 2012).

We evaluated the “preferences” of each turtle for each
chemical stimulus as the proportion of time (excluding time
in the “no-choice” places) that each turtle spent in each pool
(clean vs chemical stimulus). Preliminary experiments
showed no significant differences in the time spent by turtles
in two pools with clean water (Ibáñez et al. 2012).
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Statistical analyses

To analyze differences in use of water pools with different
chemical cues across treatments by the same individual sub-
ject turtle, we ran a three-way repeated measure analysis of
variance (ANOVA) with the experimental treatment (“own”
vs “familiar” vs “unfamiliar”) as a within-subject factor and
the size and boldness of the responding turtles as two
between-subject factors. We transformed data (square root)
to normalize them before analysis (verified by Shapiro–Wilk
tests), and we also tested the homogeneity of variances
(Levene’s test). Post hoc analyses were performed using
Fisher’s least significance difference tests when ANOVAs
showed significance.

Results

Boldness

Appearance times of turtles ranged between 2 and 305 s (Xþ 1
SE ¼ 68þ 21s). There were no significant differences in ap-
pearance time between males from the two study sites (one-way
ANOVA; F1,18=0.22, P=0.64). Body size (carapace length)
was not significantly related with the appearance time
(r=0.20, N=20, F1,18=0.78, P=0.39). For further analyses,
males (N=10) with appearance times below the median
(i.e., <23 s) were classified as bold, whereas males (N=10) with
appearance times above the median (i.e., >23 s) were classified

as shy. Righting time ranged between 12 and 736 s (Xþ 1SE
¼ 189þ 51s) and was positively and significantly related with
the appearance time (r=0.83, N=20, F1,18=40.54, P<0.0001).
Thus, appearance and righting times could describe the same
shy–bold continuum within this turtle species.

Responses to chemical stimuli

There were no significant overall differences among exper-
imental treatments in the time spent by male turtles in the
pool with chemical stimuli (Table 1; Fig. 1). There were no
significant differences between shy and bold individuals or
between small and large individuals in the overall time spent
in water with scent of conspecifics (Table 1). However,
boldness and body size affected significantly the responses
to the different treatments as shown by the significant inter-
action terms between treatment and boldness and between
treatment and size (Table 1). The interaction between size
and boldness was not significant (Table 1).

Thus, with respect to boldness of turtles, shy turtles tended,
although not significantly, to spend more time in the pool with
their own chemical stimuli than in the familiar (Fisher’s test,
P=0.08) or unfamiliar treatments (P=0.06), which did not
significantly differ (P=0.75) (Fig. 1a). In contrast, bold turtles

spent significantly more time in the pools with scent of familiar
males than in pools with scent of unfamiliar males (P=0.02) or
with their own odor (P=0.047), which did not significantly
differ (P=0.70) (Fig. 1a). In addition, shy turtles spent signif-
icantly less time than bold ones in pools with chemicals of
familiar males (P=0.03), but they did not significantly differ in
the other treatments (P>0.20 in both cases) (Fig. 1a).

On the other hand, the body size of males also affected their
responses to the different treatments (Table 1; Fig. 1b). Small
males did not significantly differ in the time spent in the
different pools with chemical stimuli among treatments
(Fisher’s tests, all P>0.27) (Fig. 1b). In contrast, large males
spent significantly less time in the pools with scent of unfamil-
iar males than in pools with scent of familiar males (P=0.027)
or their own chemicals (P=0.003), which did not significantly
differ (P=0.41) (Fig. 1b). However, small and large males did
not significantly differ in the overall time spent in the pool with
chemical stimuli in the different treatments (own, P=0.10;
familiar, P=0.93; unfamiliar, P=0.07).

Discussion

Our results confirm that male M. leprosa can detect the chem-
icals released to water from conspecific males. Responses to
chemicals from familiar and unfamiliar males depended on
boldness and body size of the responding turtle. Male M.
leprosa classified as bold and those classified as large (both
traits are independent) spent less time in water pools containing
chemical cues from unfamiliar males than in the pools contain-
ing chemical cues from familiar males. These results suggest
that male M. leprosa turtles are able to discriminate between
scents of familiar and unfamiliar males. Similarly, inGopherus
agassizii turtles, chin gland secretions of turtles allow discrim-
ination between familiar and unfamiliar males (Alberts et al.
1994). The ability of territorial males to discriminate between

Table 1 Results of a repeated measures three-way ANOVA comparing
the time spent by male turtles in pools with water with scent from
conspecifics among the different treatments (within factor) and the
effects of boldness and body size (between effects) of focal males on
their responses to the different treatments

F df P

Intercept 641.71 1,16 <0.0001

Treatment 2.17 2,32 0.13

Boldness 0.20 1,16 0.66

Size 0.0015 1,16 0.97

Treatment × boldness 3.39 2,32 0.046

Treatment × size 3.47 2,32 0.043

Boldness × size 0.28 1,16 0.60

Treatment × boldness × size 0.13 2,32 0.87

Significant effects (P<0.05) are indicated in bold
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neighbors (familiar) and non-neighbors (unfamiliar) might help
to stabilize social systems by reducing the frequency and
intensity of aggressive encounters between males (Glinski
and Krekorian 1985). Thus, the results obtained in this study
suggest that recognition of familiar and unfamiliar males by
male turtlesM. leprosa could prevent escalated agonistic inter-
actions between males.

However, responses to conspecific chemical cues were not
similar for all males. Boldness affected responses to chemical
cues of familiar and unfamiliar male turtles. Shy turtles spent
more time in the pool with their own chemical, avoiding pools
with chemicals from either familiar or unfamiliar males. In
contrast, bold males preferred the chemicals of familiar males
to the chemicals of unfamiliar males. In any case, shy males
spent less time than bold ones in the pools with chemicals
from familiar males. Boldness is associated with dominance in
fishes and other animals (Sundstrom et al. 2004; López et al.

2005; Colleter and Brown 2011). In the white-footed mice
(Peromyscus leucopus), shy or bold personality types modu-
late winning ability in a context manner, suggesting that this
species uses a conditional strategy to appropriately gate dis-
plays of social aggressions (Fuxjager et al. 2010). The results
found in our experiment showed that male turtle’s boldness in
antipredatory contexts could also be related with boldness in
male–male interactions. Thus, shy–bold behavior could influ-
ence the selection of pools with chemicals from other males.
Hierarchy formation during familiarity process could explain
avoidance of the familiar chemicals by the shy males that
could had been in a previous disadvantageous situation in
agonistic encounters and competition for the resources.
Otherwise, bold males preferred to stay in pools with odors
of familiar males, probably because they could be victorious
in agonistic interactions. In some spiders, previous experience
during the male interactions could influence the outcome of
the future fights and could learn to be winners or losers
(Whitehouse 1997). In turtles, competition for resources such
as food (Polo-Cavia et al. 2011) or basking sites (Cadi and
Joly 2003; Polo-Cavia et al. 2010) could explain hierarchy
formation during the familiarization process in our study.
Also, familiar males could have established previously in the
field dominance relationships between them because they
were captured in the same or very nearby locations. Thus,
both in the field and during the familiarization procedure,
turtles could have experienced several fights and/or aggres-
sions. In this context, bold turtles could be more successful
during agonistic interactions or competition for food or bask-
ing sites than the shy males. Both shy and bold males had the
same avoidance responses of the odors of unfamiliar males,
suggesting that chemicals from unknown individual males
could represent a potential dangerous situation for all males.
An alternative explanation could be that, because the unfamil-
iar male came from a different capture site than the tested
male, there might be interpopulational differences in chemical
composition of sex pheromones. Thus, bold males could
prefer to occupy the pools with water with chemicals of males
of the same population (i.e., familiar) than the pools with
water of chemicals of males of other populations (i.e., unfa-
miliar) because a new different smell could represent a risky
situation independently of the familiarization procedure fol-
lowed in this experiment.

Size and relative size in male M. leprosa seem to be the
most important factors or, at least, more important than other
traits such as body condition and health state, in modulating
responses to chemicals of conspecific males (Ibáñez et al.
2012). Previous studies showed that smaller males avoid
using water pools with chemicals of large males, which, in
contrast, prefer to use water pools with chemicals of smaller
males (Ibáñez et al. 2012). Similar results were observed in
the turtle Emys orbicularis (Poschadel et al. 2006). The
results of the current experiment suggest that only large
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Fig. 1 Percent time (X � SE) spent by male turtles in pools with water
with conspecific chemicals in the different treatments depending on a
the boldness (shy vs bold) or b the body size (small vs large) categories
of the responding male
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males seem to recognize and avoid the water pools with
chemicals from unfamiliar males. The apparent lack of
discrimination between familiar and unfamiliar chemical
cues by small males could be explained because, in our
study, the small males always were tested against the odor
of other males of similar small size, and large males were
always tested with odors of males of similar large size. In
agreement with these results, several field studies have
shown that larger turtles displaced smaller individuals more
often than the converse during basking activity (Bury and
Wolfheim 1973; Bury et al. 1979; Lovich 1988; Lindeman
1999). Thus, the pheromones released in water from large
unfamiliar males, but not necessarily from small unfamiliar
males, could inform other males about a threatening situa-
tion. This difference would lead to size-dependent responses
to conspecific cues (Aragón et al. 2000). These results
suggest that familiarity with neighbors could allow inferior
competitors to reduce the frequency and intensity of inter-
actions (Aragón et al. 2001, 2007; López and Martín 2011).

Our results provide evidence that boldness and size could
influence intrasexual competition between males. Recently, it
has been shown that variation in personality may affect female
mate preferences (David and Cezilly 2011). In the same way,
male–male interactions in the Spanish terrapin could depend
on the individual personality along the shy–bold axis and
consequently affect their responses to conspecific chemicals.
Nevertheless, this is the first study to demonstrate both chem-
ical discrimination between familiar and unfamiliar males in a
freshwater turtle as well as the importance of some traits such
as size and boldness in the responses to conspecific chemical
cues. Future studies should focus on the influence of boldness
on sexual selection and on the role of chemical cues in
modulating these processes.
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