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Boldnessisrelated to the development of the cephalic crest
in the male of theriver blenny Salaria fluviatilis (Asso, 1801)
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Abstract Boldness is defined as the tendency of an individual to take risks when exposed to novel objects or situations. The
main aim of this work was to dilucidate if boldness was related to the development of the secondary sexual traits (SSTs) in the
male of the river blenny Salaria fluviatilis, a freshwater fish which takes care of eggs. As a second objective SSTs effect on pa-
rental status adoption was also be explored. Wild young fish were caught in the Segre River (Ebro basin) in November 2010. Fish
were kept in five aguariain groups of eight males and eight females with artificial nests. Boldness (boldness score and hesitancy)
of males (initially with little SSTs development) was tested as the time required to exit a refuge when exposed to a new environ-
ment. Fish were mantained in the same aguaria for several months, and males' SSTs development and reproductive behaviour
were monitored. Boldness score was negatively associated to cephalic crest development. Hesitancy was negatively related to
male length and was also influenced by the interaction between male length and cephalic crest. Parental status acquisition was
positively related to the male's length, marginaly related to anal gland development, and non-related to cephalic crest. These re-
sults suggest an intrasexual role of the crest as an informative trait of boldness (honest signal) which might not necessarily be
chosen by the females. It is aso discussed that correlational selection could be responsible for linking boldness and growth rate in
this species. Sexual selection, in addition to having directed the evolution of secondary sexual traits, might have favored certain
personality traits (e.g. boldness) associated with the achievement of a larger body length [Current Zoology 60 (3): 373-380,

2014].
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Animal personality is defined as a set of behavioural
responses (behavioural syndrome) that differs between
individuals of the same species and exhibits consistency
through time and in different contexts (Sih et al., 2004;
Réale et al., 2007). Animal persondlity is generaly de-
scribed in five general categories. activity, shyness-
boldness, exploration-avoidance, aggressiveness and so-
ciability (Réale et al., 2007). One of the most thorough-
ly studied is the shyness-boldness continuum, which is
described as the propensity (boldness) or aversion
(shyness) to take risks in front of novel objects or situa-
tions (Sloan Wilson et a., 1994). Boldness can be evalu-
ated through different behavioural responses such as the
willingness to approach predators (Godin and Dugatkin,
1996), the tendency to exploit new sources of food or to
interact with unfamiliar objects (Wilson, 1998), explora-
tion of a new environment (Dzieweczynski and Crovo,
2011) or foraging activity under risk (Bell, 2005). In
fish, positive relations regularly exist between boldness
and other behaviours: learning capacity (Dugatkin and
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Alfieri, 2003), dispersal (Rehage and Sih, 2004), inno-
vation (Harcourt et al., 2009), feeding rate and growth
(Biro and Stamps, 2008), survival (Smith and Blumstein,
2008), physical condition (Pellegrini et a., 2010), ag-
gressiveness (Tulley and Huntingford, 1988) and domi-
nance (Sundstrom et al., 2004).

Coloration also has been related to boldness. The
eumelanin-based coloration from the males has been
associated to boldness and aggressivity in many verte-
brates (Ducrest et al., 2008; M&fli et d., 2011; Mateos-
Gonzdlez and Senar, 2012). In the guppy fish Poecilia
reticulata, the boldest males were found to have a
brighter coloration than shy males (Godin and Dugatkin,
1996). Among fish (and other vertebrates) it is not
known, however, if boldness is related to the develop-
ment of secondary sexual traits (SSTs) of the male
based on the development of special morphological
structures (e.g. cephalic crests, breeding tubercles or
anal glands). Are bold males more likely to develop
their SSTs than shy males? Taking into account that
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hormones (androgens) implicated in dominance and
aggressiveness are associated both to SSTs development
(Oliveira et a., 2001) and to boldness (Daidley et a.,
2005), it is quite probable that a relation between SSTs
and boldness could exist.

In some species, females choose males’ boldness di-
rectly (Godin and Dugatkin, 1996) while in others they
select indirect characteristics related to it, for instance
the courtship intensity (Reaney and Backwell, 2007).
Choosing bold males might be advantageous to females
because these males would be more likely to have fit-
ness advantages related to this personality trait and
transmit them to their offspring (Drent et a., 2003;
Brown et al., 2007). Female choice often is based on the
SSTsin order to assess male's quality (Candolin, 2000;
Ottovaet al., 2005). It remains to be answered whether
the degree of development of the SSTs could also be
influenced by a personality trait such as boldness.

The river blenny Salaria fluviatilis is a freshwater
fish of the Blenniidae family with parental care of eggs.
During the breeding season, which in nature extends
from May to the end of July (Vinyoles and Sostoa,
2007), males excavate a nest cavity under a stone, and
several females lay clutches in a monolayer on the un-
derside of the stone. This species adapts easily to cap-
tivity conditions and is thus suitable to study the rela
tion between boldness and SSTs development. Among
blennies the presence of at least two aternative repro-
ductive tactics (Oliveira et al., 2001) is common: domi-
nant males (territorial, with developed SSTs) and
sneaker males (often with female appearance and with
non-developed SSTs). In S fluviatilis these two repro-
ductive tactics (dominant and sneaker) were described
by Neat et a. (2003). The male SSTs consist of the de-
velopment of a cephalic crest and two anal glands cov-
ering the first spines of the ana fin. Generally the de-
gree of development of these SSTs has been described
as a mae characteristic prefered by the females
(Gongalves and Oliveira, 2003; Serrano et al., 2008).

The main objective of our study was to investigate
(in wild fish mantained under experimental conditions)
if boldness in the males of S. fluviatilis was related to
the degree of their SSTs development. We will consider
whether or not acquisition of parental status among
males (defined here as the obtention of clutches inside
the nest) was related to their SSTs development. S.
fluviatilis is a species classified as vulnerable or threat-
ened in many countries where it occurs (see Vinyoles
and Sostoa, 2007). Therefore the results from our work
could bring information for the future management and

conservation of this species.

1 Materiasand Methods

1.1 Field collection and fish maintenance

We caught the fish by electrofishing on November
2010 in the River Segre (atributary of the River Ebro),
near Camarasa (Catalonia). Males chosen during fishing
(n=48) were one year old ranging from 60 to 70 mm in
total length (TL). These characteristics ensured that, at
the time of reproduction, the fish were sexually mature
according to Vinyoles and Sostoa (2007) and, subse-
quently, could develop SSTs during the experiment.
Females (n =53) had a larger range of lengths (from 60
to 90 mm TL) and took part in the study as a sexua
stimulus for the males. At their arrival to the animal
facility for aquatic animals (in the University of Barce-
lona) we measured the fish (TL) and distributed them
into five experimental agquaria as follows. eight males,
five small females (from 60 to 70 mm TL) and three
large females (from 80 to 90 mm TL). An extra aquar-
ium served to mantain the remaining fish which were
used to replace experimental individuals that died dur-
ing the experiment. None of these replacement fish
were included in the analyses.

We tagged experimental males with Visible Implant
Elastomer (VIE) following the guidelines of Northwest
Marine Technology Inc. (Shaw Island, Washington).
Just one colour was used (fluorescent red), only visible
under ultraviolet light. We made a small mark on each
male in the base of one of the impair fins (first dorsal,
second dorsal, anal or caudal) and in one of the two
sides (right or left). This permitted us to differenciate
the eight males from each aguarium. Marks apparently
did not affect fish behaviour nor health.

All experimental aquaria (260L) were in a climatized
room and had the same equipment: one biological filter,
ar diffusor and substrata (consisting of a mix of sand,
gravel and cora in proportion 2:2:1). They were
mantained under constant Mean (+ SD) temperature
(22.96 + 1.15 °C) and water physicochemical conditions
(pH =7.4 £ 0.21, NO, = 0.05 + 0.00 mg/L, NO; = 3.4
+ 0.84 mg/L, NH," = 0.00 + 0.00 mg/L; hardness: 19).
Light regime was 12:12 (light: dark). Each aquarium
was isolated by opaque curtains to prevent any interac-
tion with external features. We placed 10 nests in each
aquarium (distributed in two parallel rows of five nests
each). Nests were artificial structures that had been al-
ready accepted as nesting sites by males of the same
species in previous experiments (unpublished data).
They consisted of transparent plastic boxes (13.5 cm
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width x 7 cm high x12 cm depth) open in the front (nest
entry) and with the ceiling substituted by a glass surface.
Their inner walls were covered by black acetate sheets
fixed to the structure with plastic clips. Nest entries
faced the aquaria walls in order to facilitate clutch de-
tection and observations. We fed fish “ad-libitum” with
frozen red chironomid every morning (10:00 a.m). Once
aweek fresh mussels were added to the diet.
1.2 Experimental protocol

The aguarium where fish boldness was tested (bold-
ness aquarium) measured 45 x 45 x 45 cm and had simi-
lar conditions to the ones of the experimental aquaria
(temperature, water characteristics and substrata). This
aquarium was also isolated with opaque curtains to
prevent possible interferences produced by our presence
on fish behaviour during the tests. We designed the
boldness aquarium (Fig. 1) following Brown et a.
(2007). We installed a video camera (Sony Handycam
HDR-SR1E) 120 cm above the aquarium to record the
tests and posteriorly visualize them with the computer.

Boldness tests were performed from 19 to 27 De-
cember (from 8:00 am to 3:00 p.m), approximately one
month after fish capture. At this time males’ SSTs were
little developed. During this experimental phase we fed
the fish daily at 7:00 p.m. (to prevent possible interac-
tions between feeding and behaviour) and we temporar-
ily divided the aguaria in two compartments (one with
the fish to test and the other one with the ones that had
it already done). We tested each fish only once, follow-

Fig. 1
aquarium
A: Boldness box (30x11x11 cm) with a top opening to introduce fish
and an inferior small window (3 cm) for to exit. B: transparent
trapdoor (39%x4.5 cm). bl: line that defined boldness score (emergence
time). b2: arc that define hesitancy time. C: neon lamp. D: PVC tube
(4 cm diameter x 13 cm length). E: methacrylate wall.

Diagrammatic representation of the boldness

ing Brown and Braithwaite (2004), and its turn to per-
form the test was randomly established. We caught each
male with a hand net and placed it inside the “boldness
box” (Fig. 1) which top was immediately closed with a
plastic cover. After a5 minutes settling time, we opened
the boldness box window by raising the transparent
trapdoor (Fig. 1) and fish were free to emerge. Test du-
ration was 55 minutes and al of them were video-
recorded. After the test (and before being returned to
their aquarium), we anesthetized (with MS-222, tricaine
methanesulfonate), measured (TL), and photographed
(lateral and ventral view) the male inside a small metha-
crylate recipient with a graph paper at the back. These
pictures permitted us to measure the SSTs development
(cephalic crest and ana glands) by using the Sigma
Scan Pro 5 programme. When we returned the male to
the aquarium, we placed it in the compartment for fish
which had already been tested. Before we introduced a
new individual into the boldness aquarium, we renewed
the water (always mantaining the same level of 27 cm
depth). Once al the fish had performed the test, we re-
moved the divisions from the experimental aguaria
Throughout the experiment we measured fish TL (both
sexes) and SSTs development (only males) every 45
days from November 2010 to July 2011. Measures were
done following the same steps as those indicated for the
males after the boldness test, but females were just
measured in TL and not photographed.

We monitored clutch laying every morning (9:00 am)
from January to the end of the experiment in July. When
we found a clutch we classified the correspondant male
as “parental”. We considered the males that did not ob-
tain clutches during the experiment to be “non-parental”.
1.3 Measured variables

In this study we considered the same behavioura
variables as the ones used in Brown et a. (2005):
1) Boldness score (b1) defined as the time taken for the
fish’s snout to emerge from the box, and 2) Hesitancy
(b2) defined as the time the fish took to cross the black
arc minus the time it took for the fish to emerge from
the box (Fig. 1). We assigned the maximum time for the
test (3300 seconds) to the fish where no time for b1 was
registered (because they did not emerge from the bold-
ness box during the test). We did not assign a hesitancy
score to the fish that did not cross the black arc follow-
ing Brown et al. (2005) recommendations. We obtained
variables bl and b2 through the posterior visualization
of the video recordings and log-transformed them for
the analyses.



376 Current Zoology

Vol.60 No. 3

0.010 0.015 0.020 0.025 0.030 0.035
log (ratioCr)

Fig. 2 Relation between the development of the cephalic
crest, log(ratioCr), and boldness score, log(b1)

The line was adjusted with the estimations obtained in the linear
mixed model.

The SSTs measures we took for the males were: the
cephalic crest height (Cr, mm, measured as the distance
from the middle of the cranium to the top of the crest)
and the gland mean diameter (Gl, calculated as the ave-
rage of the first and second anal gland diameters). We
expressed the SSTs variables as the log-transformation
of ratioCr (Cr/TL) and ratioGl (GI/TL) in the analyses.

The study protocol of this work was approved by the
Research Ethics Committee of the University of Barce-
lona (Registration n° 221/11). In October 2011 we re-
turned the fish to the stretch of river where they had
been caught.

14 Statistical analyses

We analyzed whether boldness (b1l) and hesitancy
(b2) were related to SSTs devel opment by means of two
linear mixed models (LMMs, one for b1 and one for b2)
with aguarium ID as a random variable to control for
data dependency. Each model included initialy as co-
variates: log(TL), log(ratioCr) and log(ratioGl), with all
the paired interactions between them. The best model
was found by extracting parameters using the AIC crite-
rion corrected for small samples sizes (AlCc) (Burnham
and Anderson, 2002).

To analyze whether or not the development of SSTs
was related to obtaining a clutch we used a general lin-
ear mixed model (GLMM) with a binomia distribution
of errors and the link function logit. In this model “Pa-

rental status’ was the dependent binary variable (0 =
non-parental, 1 = parental) and aquarium the random
component.

Error adjustment was verified by visual inspection of
the normal probabillity plots. Statistical analyses were
performed with the free software R (R Core Team,
2012). For the linear mixed models estimations Imer
and glmer functions from the package Ime4 (Bates et al.,
2012) were used. The best model was found by using
sequentially the dropl function.

2 Results

At the beginning of the experiment (in November)
we found no significant differences between agquaria for
the TL neither for females (F43:= 0.06; P >0.05; Mean
+ SD = 73.00 £ 9.57 mm) nor for males (F43 = 0.31;
P >0.05). In November males had little SSTs devel op-
ment (Table 1) and this development was similar in all
the aguaria (all P >0.05). In December, when boldness
tests were performed, for fish that emerged, we ob-
served a high variability for bl, Mean (£ SD) = 659.72
* 423.60 seconds (min = 313, max = 1781 seconds) and
for b2, Mean (x SD) = 145.00 + 278.31 seconds (min =
3, max = 1218 seconds). Five males did not emerge
from the boldness box and from the ones who emerged
only two did not cross the black arc.

We observed that the month of maximum SSTs de-
velopment for al the males (n = 37) was in February
(Table 1). At that time males' TL, Cr and Gl were simi-
lar between aguaria (all P >0.05). Similar results were
obtained for females’ TL (F434= 0.13; P >0.05; Mean
D = 74.95 + 10.04 mm). February also coincided with
the beginning of the reproductive period that lasted until
April. 40.5% of males (n = 15) acted as parents (i.e.
they had clutchesin their nests). Distribution of parental
males in the five aguaria was: three in three aquariums,
two in one aguarium and four in another aquarium (at
most half of males acted as parentals in each aguarium).
No parental male was displaced from his nest by other
males or defended more than one nest during the ex-
periment. There was one parental male (7% of parentals)

Table 1 Total length (TL), cephalic crest height (Cr) and mean glandular diameter (Gl) for the males of S. fluviatilis in
November (with underdeveloped SSTs) and February (parental and non-parental males)

Month Male status n TL (mm) Cr (mm) Gl (mm)
November Underdeveloped 40 65.98 + 3.39 (60-70) 0.71 + 0.21(0.29-1.38) 1.14 + 0.23 (0.54-1.60)
February Parental 15 78.33+2.89 (72-82) 2+0.75(0.75-3.19) 2.09 + 0.26 (1.58-2.53)
Non-parental 22 71.95 + 5.37 (61-81) 1.46 + 0.57 (0.61-2.68) 1.74+0.27 (1.24-2.21)

Means (+ SD, and minimum-maximum values in parentheses) are shown.
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and four non-parental males (18% of non-parentals) that
did not emerge from the boldness box. Throughout the
experiment three males and one femae died (in diffe-
rent aguaria) and we substituted them with fish of simi-
lar characteristics (not considered in the analyses).

The best LMM for log(bl) only included the covari-
ate log(ratioCr) which has a significant negative effect
on log(bl) (Table 2). The interpretation of this result is
that a higher crest development is associated to less
time required to emerge from the boldness box (bold-
ness score, Fig. 2). The best LMM for log(b2) included
log(TL) (significant negative effect) and log(TL):
log(ratioCr) interaction with a positive effect (Table 2).

The best GLMM model for parenta status included
log(TL) and log(ratioGl), log(TL) had a significant posi-
tive effect and log(ratioGl) a marginal positive effect
(Table 2). Parental males were longer and had a ten-
dency to have more glandular development than non-
parentals males. Crest height did not have an effect on
the condition of parental status.

3 Discussion

In this work we found that bolder males of S flu-
viatilis showed a higher degree of cephalic crest devel-
opment. Who would benefit from this? The males or the
females? The cephalic crest function remains still un-
clear among blennies. In S. pavo the degree of devel-
opment of this trait has been related to the male repro-
ductive success (Gongalves and Oliveira, 2003). Con-
versely, in the latter species, this relationship was not
found by Oliveiraet a. (1999). These authors suggested
that the cephalic crest in blennies could play an im-
portant role in male-male competition rather than mere-
ly attracting females. Though, this suggestion would be

supported by our results obtained with S. fluviatilis (the
cephalic crest size was not related to parental status of
males). Boldness has been related to growth (Biro and
Stamps, 2010), aggressiveness (Huntingford, 1976), do-
minance (Sundstrém et al., 2004; Colléter and Brown,
2011), resistance to infections (Locatello et a., 2012)
and to a major ability to win fights (Fuxjager et al.,
2010). Larger size (body length) and aggressiveness are
known to offer advantages in the intrasexual competi-
tion (Fujii et al., 2005; Larson et a., 2006). Thus, if the
size of the cephalic crest is associated to boldness,
males could use this information to assess aggressive-
ness and dominance of competitors before a potential
confrontation. In this case the cephalic crest could func-
tion as an honest signal (see Maynard-Smith and Harper,
1995). Using this kind of signal alows animals to avoid
potentially costly fights that they are unlikely to win. It
is probable that S fluviatilis males use these signals
since in blennies fights lead to higher energy expendi-
ture and increase the risk of injury (in the fins and body)
that might compromise their survival and reproduction
(Santos and Nash, 1996).

Females, otherwise, could prefer characteristics that
make a male a good father rather than a dominant indi-
vidual (Forsgren, 1997; Wong, 2004). We observed here
that males which succeeded in obtaining clutches in
their nests were those with bigger sizes. Male size has
been often related to female choice in fish (Kolm, 2001).
In fish species with a resource-based mating system,
male size has been associated with benefits in nest de-
fence and greater ability in taking care of clutches (Fujii
et a., 2005). In our study, males with higher hesitancy
times were larger at the time of reproduction, and this
suggests they could have grown faster. In this sense,

Table2 Resultsfor thebest Linear Mixed Models (for b1 and b2) and for the best General Linear Mixed Model (Parental)

Dep Fixed effects Estimates + SE F df P
log(bl) Intercept 7.47 +0.35 - - -
Log (ratioCr) -40.8 + 14.72 8.21 1 0.00*
log(b2) Intercept -108.14 + 67.55 - - -
Log (TL) -24.00 + 15,55 5.39 1 0.02*
Log (ratioCr) -5699.61 + 2683.17 0.04 1 0.83
Log(TL):log(ratioCr) 1310.71 + 616.08 453 1 0.03*
Parental Intercept -40.78 + 14.01 - - -
Log (ratioGl) 345,57 + 185.71 3.46 1 0.06
Log (TL) 0.42+0.15 7.77 1 0.01*

“Dep” indicates the dependent variables for each model: log(bl), boldness score; log(b2), hesitancy; and Parental, males' parental status.
Considered covariates were: log(ratioCr), cephalic crest height; log(ratioGl), mean glandular diameter; and log(TL), total length. Signifi-

cant fixed effects are indicated (*).
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personality seemed to have played an important role on
length which positively influenced the adoption of pa-
rental status. According to Biro and Stamps (2010), in-
dividuals with a more active metabolism and faster
growth have a higher energy expenditure and therefore
should take more risks when they are foraging. The in-
teraction found between male length and cephalic crest
size explaining hesitancy is more difficult to interpret.
This interaction would indicate that the effect of male
length on the hesitancy woud be mitigated by the ce-
phalic crest size. We also found a marginally significant
effect of anal glands size on parental status acquisition.
It has been described that these glands are responsible
for pheromones that are released to attract females
(Barata et al., 2008) and for antimicrobial secretions to
prevent egg infections (Pizzolon et a., 2010). Our study,
however, was not addressed to investigate female choice.
Further studies are required to better understand female
choice on male morphological traits (SSTs) and male
boldness behaviour.

The variability of personality traits between indivi-
duals suggests that the optimal behaviour for a species
is not unique (Dall et a., 2004; Stamps, 2007; Wolf and
Weissing, 2010). The individual position in the shyness-
boldness axis affects its fithess differently depending on
the environmental context (Dingemanse et a., 2004,
Dingemanse and Réale, 2005; Sinn et a., 2006). In the
male of S fluviatilis, where Neat et al. (2003) have de-
scribed the presence of two reproductive tactics (paren-
tal and sneakers), boldness could favour dominant be-
haviours against other males in the nest selection pro-
cess. Anima personality traits might influence the
adoption of a specific tactic, because tactics are related
to the presence or absence of developed SSTs. Alterna
tive reproductive tactics in fish are, in fact, influenced
by environmental factors such as the socia context,
competition for a suitable reproductive site, and female
availability (Burmeister et al., 2005).

The pace-of-life syndrome (POLS) states that indi-
vidual behavioural differences should be linked to
life-history differences (Réale et al., 2010). Our results
indicate that in this species correlational selection might
be favoring the linkage between boldness and life-
history traits such as fast growth and probably early
reproduction (due to the advantage of larger males to
become parental). Our results also suggest that in-
trasexual and intersexual selection might not only drive
the evolution of morphological traits, but thereby also
favor behavioral types that allow males to reach larger
body sizes. Increasingly, knowledge of animal persona-

lity is taken into account to improve the success of rein-
troductions and conservation programs in the field
(McDougall et a., 2006). Our study alows us to under-
stand better how boldness is related to the development
of SSTs and the latter with the acquisition of parental
status. In other fish species latency to exit the refuge
was found to be repeatable (e.g. Wilson and Godin,
2009; Harris et al., 2010). However, future studies need
to test whether boldness is repeatable in S fluviatilis
and to determine whether these processes also occur in
nature.

Acknowledgments We thank J.D. Rodriguez-Teijeiro for
reviewing and improving the manuscript. Excellent lab assis-
tance was provided by R. Mitjans and A. Goldhoorn. We aso
thank G. Harwood for English revision, the two anonymous
reviewers for their recommendations, and the University of
Barcelona for providing materials and animal facilities. Re-
search was funded by the research team “Biologia de
Vertebrats’ (2009 SGR 43) included in the Universities and
Research programme (PIGC) from Generalitat de Catalunya.

References

Barata EN, Serrano RM, Miranda A, Nogueira R, Hubbard PC et
a., 2008. Putative pheromones from the anal glands of male
blennies attract females and enhance male reproductive success.
Animal Behaviour 75: 379-389.

Bates DM, Maechler M, Bolker B, 2012. Ime4: Linear mixed-
effects models using $4 classes. R package version 0.999999-0.
http://r-forge.r-project.org/R/?group_id=60

Bell AM, 2005. Behavioural differences between individuals and
two populations of stickleback Gasterosteus aculeatus. Journal
of Evolutionary Biology 18: 464-473.

Biro PA, Stamps JA, 2008. Are animal persondity traits linked to
life-history productivity. Trends in Ecology & Evolution 23:
361-368.

Biro PA, Stamps JA, 2010. Do consistent individual differencesin
metabolic rate promote consistent individua differences in
behavior? Trendsin Ecology & Evolution 25:; 653-659.

Brown C, Braithwaite VA, 2004. Size matters: A test of boldnessin
eight populations of the poeciliid Brachyraphis episcopi.
Animal Behaviour 68: 1325-1329.

Brown C, Burgess F, Braithwaite V, 2007. Heritable and ex-
periential effects on boldness in a tropical poeciliid. Beha
viora Ecology and Sociobiology 62: 237-243.

Brown C, Jones F, Braithwaite V, 2005. In situ examination of
boldness-shyness traits in the tropical poeciliid Brachyraphis
episcope. Animal Behaviour 70: 1003-1009.

Burmeister SS, Jarvis ED, Fernald RD, 2005. Rapid behavioral
and genomic responses to socia opportunity. Plos Biology 3:
1996-2004.

Burnham KP, Anderson DR, 2002. Mode! selection and multimodel
inference: A practical information-theoretic approach. Springer.

Candolin U, 2000. Changes in expression and honesty of sexual
signalling over the reproductive lifetime of sticklebacks.
Proceedings of the Roya Society of London. Series B: Biolo-



FABRE N et a.: Boldness in the river blenny 379

gical Sciences 267: 2425-2430.

Colléter M, Brown C, 2011. Personality traits predict hierarchy
rank in male rainbowfish socia groups. Animal Behaviour 81:
1231-1237.

Daisley NJ, Bromundt V, Méstl E, Kotrschal K, 2005. Enhanced
yolk testosterone influences behavioral phenotype independent
of sex in Japanese quail chicks Coturnix japonica. Hormones
and Behavior 47: 185-194.

Dall SRX, Houston Al, McNamara JM, 2004. The behavioural
ecology of personality: Consistent individual differences from
an adaptive perspective. Ecology Letters 7: 734—739.

Dingemanse NJ, Both C, Drent P, Tinbergen J, 2004. Fitness
consequences of avian persondlities in a fluctuating environ-
ment. Proceedings of the Royal Society of London. Series B:
Biologica Sciences 271: 847-852.

Dingemanse NJ, Réale D, 2005 Natural selection and animal
personality. Behaviour 142: 1165-1190.

Drent PJ, Oers KV, Noordwijk AJV, 2003. Redlized heritability of
personalities in the great tit Parus major. Proceedings of the
Royal Society of London.Series B: Biological Sciences 270:
45-51.

Ducrest A, Keller L, Roulin A, 2008. Pleiotropy in the melano-
cortin system, coloration and behavioural syndromes. Trends
in Ecology & Evolution 23:502-510.

Dugatkin LA, Alfieri MS, 2003. Boldness, behavioral inhibition
and learning. Ethology Ecology & Evolution 15: 43-49.

Dzieweczynski TL, Crovo JA, 2011. Shyness and boldness
differences across contexts in juvenile three-spined stickleback
Gasterosteus acul eatus from an anadromous population. Journal
of Fish Biology 79: 776-788.

Forsgren E, 1997. Female sand gobies prefer good fathers over
dominant males. Proceedings of the Royal Society of London.
Series B: Biological Sciences 264: 1283-1286.

Fujii S, Hironaka M, Nomakuchi S, 2005. Male body size and
brooding success under natural conditions in the freshwater
Japanese goby Rhinogobius sp. OR (orange type). Journal of
Ethology 23: 127-132.

Fuxjager MJ, Montgomery JL, Becker EA, Marler CA, 2010.
Deciding to win: Interactive effects of residency, resources and
‘boldness’ on contest outcome in white-footed mice. Animal
Behaviour 80: 921-927.

Godin JG, Dugatkin LA, 1996. Female mating preference for bold
males in the guppy Poecilia reticulate. Proceedings of the
National Academy of Sciences 93: 10262—-10267.

Gongalves DM, Oliveira RF, 2003. Time spent close to a sexual
partner as a measure of female mate preference in a sex-role-
reversed population of the blenny Salaria pavo (Risso) (Pisces:
Blenniidae). Acta Ethologica: 6: 1-5.

Harcourt JL, Ang TZ, Sweetman G, Johnstone RA, Manica A,
2009. Socia feedback and the emergence of leaders and
followers. Current Biology 19: 248-252.

Harris S, Ramnarine IW, Smith HG, Pettersson LB, 2010. Picking
personalities apart: Estimating the influence of predation, sex
and body size on boldness in the guppy Poecilia reticulata.
Oikos 119: 1711-1718.

Huntingford FA, 1976. The relationship between anti-predator
behaviour and aggression among conspecifics in the three-
spined stickleback Gasterosteus aculeatus. Animal Behaviour
24: 245-260.

Kolm N, 2001. Females produce larger eggs for large malesin a
paternal mouthbrooding fish. Proceedings of the Royal Society
of London. Series B: Biological Sciences 268; 2229-2234.

Larson ET, O'Malley DM, Méelloni RH Jr, 2006. Aggression and
vasotocin are associated with dominant-subordinate relation-
shipsin zebrafish. Behavioural Brain Research 167: 94-102.

Locatello L, Pizzolon M, Rasotto M, 2012. One trait, many
signals: Different information on male quality is enclosed within
the sametrait in ablenny fish. Naturwissenschaften 99: 863-867.

Maynard-Smith J, Harper DGC, 1995. Anima signals: Models
and terminology. Journa of Theoretical Biology 177: 305—
311

Mafli A, Wakamatsu K, Roulin A, 2011. Melanin-based coloration
predicts aggressiveness and boldness in captive eastern
Hermann’s tortoises. Animal Behaviour 81: 859-863.

Mateos-Gonzalez F, Senar JC, 2012. Melanin-based trait predicts
individual exploratory behaviour in siskins Carduelis spinus.
Animal Behaviour 83: 229-232.

McDougall PT, Réde D, Sol D, Reader SM, 2006. Wildlife
conservation and animal temperament: Causes and conse-
quences of evolutionary change for captive, reintroduced, and
wild populations. Animal Conservation, 9: 39-48.

Neat FC, Lengkeek W, Westerbeek EP, Laarhoven B, Videler ],
2003. Behavioural and morphologica differences between
lake and river populations of Salaria fluviatilis. Journal of Fish
Biology 63: 374-387.

Oliveira RF, Almada VC, Forsgren E, Gongalves EJ, 1999.
Tempora variation in male traits, nesting aggregations and
mating success in the peacock blenny. Journal of Fish Biology
54: 499-512.

Oliveira RF, Carneiro LA, Gongalves DM, Canario AVM, Grober
MS, 2001. 11-Ketotestosterone inhibits the alternative mating
tactic in sneaker males of the peacock blenny Salaria pavo.
Brain, Behavior and Evolution 58: 28-37.

OttovaE, SimkovaA, Jurgjda P, DavidovaM, OndrackovaM et dl.,
2005. Sexual ornamentation and parasite infection in males of
common bream Abramis brama: A reflection of immunecom-
petence status or simple cost of reproduction? Evolutionary
Ecology Research 7: 581.

Pellegrini AA, Wisenden B, Sorensen P, 2010. Bold minnows
consistently approach danger in the field and lab in response to
either chemical or visual indicators of predation risk. Behavioral
Ecology and Sociobiology 64: 381-387.

Pizzolon M, Giacomello E, Marri L, Marchini D, Pascoli F et a.,
2010. When fathers make the difference: Efficacy of male
sexually selected antimicrobial glands in enhancing fish hatch-
ing success. Functional Ecology 24: 141-148.

R Core Team, 2012. R: A Language and Environment for
Statistical Computing. Vienna, Austria: R Foundation for Sta-
tistical Computing,

Réale D, Garant D, Humphries MM, Bergeron P, Careau V et al.,
2010. Personality and the emergence of the pace-of-life syndro-
me concept at the population level. Philosophical Transactions
of the Royal Society B: Biological Sciences 365: 4051-4063.

Réde D, Reader SM, Sol D, McDougall PT, Dingemanse NJ,
2007. Integrating animal temperament within ecology and
evolution. Biological Reviews 82: 291-318.

Reaney LT, Backwell PRY, 2007. Risk-taking behavior predicts
aggression and mating success in a fiddler crab. Behaviora



380 Current Zoology

Vol.60 No. 3

Ecology 18: 521-525.

Rehage JS, Sih A, 2004. Dispersal behavior, boldness, and the
link to invasiveness: A comparison of four Gambusia species.
Biological Invasions 6: 379-391.

Santos RS, Nash RD, 1996. Seasonal variations of injuries suffered
by individuals of the Azorean rock-pool blenny Parablennius
sanguinolentus parvicornis. Copeia 1: 216-219.

Serrano RM, Lopes O, Hubbard PC, Araljo J, Canério AVM et dl.,
2008. Seasona cell differentiation and olfactory potency of
secretions by the anal glands of male peacock blenny Salaria
Pavo. Journal of Fish Biology 73: 1790-1798.

Sih A, Bell A, Johnson JC, 2004. Behavioral syndromes. An
ecological and evolutionary overview. Trends in Ecology &
Evolution 19: 372—-378.

Sinn DL, Apiolaza LA, Moltschaniwskyj NA, 2006. Heritability
and fitness-related consequences of squid persondlity traits.
Journal of Evolutionary Biology 19; 1437-1447.

Smith BR, Blumstein DT, 2008. Fitness consequences of perso-
nality: A meta-analysis. Behaviora Ecology 19:448-455.

Stamps JA, 2007. Growth-mortdity tradeoffs and personality
traitsin animals. Ecology L etters 10:355-363.

Sundstrom LF, Petersson E, Hojes6 J, Johnsson JI, Jarvi T, 2004.
Hatchery selection promotes boldness in newly hatched brown

trout Salmo trutta: Implications for dominance. Behavioral
Ecology 15: 192—-198.

Tulley JJ, Huntingford FA, 1988. Additiona information on the
rel ationship between intra-specific aggression and anti-predator
behaviour in the three-spined stickleback Gasterosteus aculeatus.
Ethology 78: 219-222.

Vinyoles D, De Sostoa A, 2007. Life-history traits of the
endangered river blenny Salaria fluviatilis (Asso) and their impli-
cations for conservation. Journa of Fish Biology 70: 1088-1108.

Wilson DS, Clark AB, Coleman K, Dearstyne T, 1994. Shyness
and boldness in humans and other animals. Trends in Ecology
& Evolution 9:442-446.

Wilson DS, 1998. Adaptive individual differences within single
populations. Philosophical Transactions of the Roya Society
of London. Series B: Biological Sciences 353; 199-205.

Wilson AD, Godin JGJ, 2009. Boldness and behavioral syndromes
in the bluegill sunfish Lepomis macrochirus. Behavioral Ecology
20: 231-237.

Wolf M, Weissing FJ, 2010. An explanatory framework for adap-
tive personality differences. Philosophical Transactions of the
Royal Society B: Biological Sciences 365: 3959-3968.

Wong B, 2004. Superior fighters make mediocre fathers in the
Pacific blue-eye fish. Animal Behaviour 67: 583-590.



