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Behavioural syndromes describe consistent and correlated individual differences in behavioural traits.
Quantifying individual differences often requires researchers to capture and hold animals in captivity
while short-term behavioural assays are recorded. We compared behavioural responses of adult, territorial Steller’s jays in short- and long-term ﬁeld assessments of behavioural traits in two ecological
contexts, risk taking and exploration. Individuals’ risk taking was similar in short-term and long-term
contexts (i.e. alarm calling in the presence of a predator mount and while re-entering a trap, respectively). However, a measure of short-term exploration of a novel object in a feeding context was not
related to a long-term index of annual habitat exploration (i.e. travel distance outside home territory).
Risk-taking and exploration indices were correlated across ecological contexts, indicating that these
traits contributed to a behavioural syndrome in jays. Annual assessments of risk-taking and exploration
behaviours were repeatable. Individuals with high scores in risk taking and exploration were more likely
to be recaptured in a familiar trap. We conclude that short-term experiments are adequate measures of
speciﬁc behavioural strategies, but because short-term responses did not necessarily predict long-term
annual behaviours in related contexts, expression of behavioural types and associated ecological strategies should be regarded as species and context speciﬁc. Long-lived residents are useful study species to
overcome sampling biases for traits measured in captivity, because they provide opportunity to evenly
sample a population over all personality types, including trap-shy individuals.
Ó 2010 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.

Consistent differences in individual behavioural traits have been
described in a wide variety of species and taxa, from worms, crabs
and spiders (de Bono & Bargmann 1998; Riechert & Hall 2000;
Briffa et al. 2008) to ﬁsh, birds and mammals (Black & Owen
1987; Hessing et al. 1993; Wilson et al. 1993). Differences have
been described along a variety of behavioural gradients such as
aggressive to submissive, bold to shy, inquisitive to inattentive,
neophobic to neophilic, and risk prone to risk averse. When two of
these gradients are correlated across contexts, the suite of behavioural traits constitutes a behavioural syndrome (Sih et al. 2004), or
personality (Dingemanse & Réale 2005). For example, individuals’
relative aggressiveness and boldness scores often covary in a population (Réale et al. 2007). Individuals at either end of these
behavioural spectra are thought to pursue alternative life-history
strategies selected for by strong ecological trade-offs, with different
optima under different environmental conditions (Réale & FestaBianchet 2003; Dingemanse et al. 2004).
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Personality traits are usually quantiﬁed using short-term
responses to environmental stimuli under laboratory conditions
(Verbeek et al. 1994; Dingemanse et al. 2002; López et al. 2005;
Martins et al. 2007; Fox et al. 2009; Quinn et al. 2009; Schuett &
Dall 2009) or, more rarely, in the wild (Brown et al. 2005;
Garamszegi et al. 2009a). However, when describing the adaptive
signiﬁcance of behavioural syndromes, the usefulness of traits
measured in captive situations over short periods has been questioned (Höjesjö et al. 2002; Bell & Stamps 2004; Dingemanse &
Réale 2005; Smith & Blumstein 2008; but see Herborn et al.
2010). In this study we compare short- and long-term observations of risk-taking and exploration responses in a long-lived
passerine with an elaborate behavioural repertoire, the Steller’s jay,
Cyanocitta stelleri. Our goal was to assess the relationship between
short-term experimental tests, performed in the wild, and longterm annual measures of individual differences in the population.
We predicted that short-term and long-term responses would
covary positively across individuals if both represented meaningful
measures of the same behavioural trait. We tested whether individuals’ behaviours would be consistent across the two different
ecological contexts, risk taking and exploration, to describe
whether and how the traits might contribute to a behavioural
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syndrome (sensu Sih et al. 2004) in Steller’s jays. Speciﬁcally, if
a short-term measure was a good predictor of the long-term
assessment of a behavioural trait (i.e. if short-term and long-term
measures within a context were strongly correlated), we expected
short-term and long-term measures of this trait to have similar
relationships across ecological contexts, conﬁrming that the
speciﬁc short-term and long-term assessments might be regarded
as interchangeable measures of the same trait. We investigated the
repeatability of long-term behavioural observations and how it
varied among different time frames. Repeatability of behaviours
over time has been widely used as an indicator for a trait’s relevance to a behavioural syndrome (e.g. Verbeek et al. 1994; MettkeHofmann et al. 2005; Minderman et al. 2009; Schuett & Dall 2009;
Herborn et al. 2010). However, repeatability estimates over short
time intervals can be confounded by stochastic variation in test
conditions (Dingemanse et al. 2002) and can differ substantially
from estimates taken over longer periods (Réale et al. 2000;
Kurvers et al. 2009). We predicted that measures of individual
differences that contribute to the behavioural syndrome (i.e. traits
that covary across contexts) would be repeatable among individuals and that repeatability would increase with the time frame of
assessment. Lastly, we investigated whether individual differences
in risk-taking and exploration contexts had consequences for the
trappability of individuals, which may have implications for studies
that rely on experiments in captivity (Biro & Dingemanse 2008).
Although some workers suggest that more risk-averse and less
explorative individuals may be more difﬁcult to capture (Wilson
et al. 1993; Mills & Faure 2000; Réale et al. 2000), to our knowledge such a link has been directly demonstrated only once
(Garamszegi et al. 2009a).
METHODS
We observed individually marked Steller’s jay pairs on yearround territories on the fringe of the redwood (Sequoia sempervirens) forest in Arcata, California (40 590 N, 124 060 W) from January
2006 to September 2008. Steller’s jays are particularly strongly
associated with patches and edges of forested habitat (Brand &
George 2001; Marzluff et al. 2004). All territories and nests in
this study were located within 750 m of the forest edge. The Steller’s jay social system can be described as site-centred dominance,
where socially monogamous pairs defend an area close to their
nests but lose dominance with increasing distance from the territorial centre, resulting in extensively overlapping home ranges
(Brown 1963; Greene et al. 1998). In late March to early April both
sexes build an open cup nest and subsequently cooperate in feeding
nestlings. After ﬂedging, birds show weaker territoriality and some
individuals travel widely. In contrast to most migratory passerines,
both sexes in Steller’s jays may exercise mate choice and territory
defence and have a similar repertoire of explorative, risk-taking and
aggressive behaviours (P.O.G. & J.M.B., unpublished data). We
expected that sex would not inﬂuence the expression of individual
behavioural traits in this species (Buss 1995; van Oers et al. 2004)
and we included both sexes in the study.
Birds were initially captured in feeders outﬁtted with a sliding
trap door. Manual operation of the trap door allowed us to selectively capture individuals and also minimize the likelihood that
nontarget birds would observe a capture event. Unbanded individuals were given a unique combination of coloured leg bands and
classiﬁed as hatch-year or after-hatch-year birds, based on gape
coloration and typical juvenile plumage patterns and feather
shapes (rectrices and secondaries; Pyle et al. 1987). Minimum
known age for each bird was based on its age classiﬁcation at the
date of its ﬁrst capture. We measured wing length with a ruler to
the nearest millimeter and weighed birds with a Pesola spring scale

to the nearest gram. Body condition was assessed using residuals of
wing length/body mass regression. Sex was subsequently determined by sex-speciﬁc calls given in territorial disputes (females
‘rattle’ and males ‘creak’; Hope 1980).
We actively monitored jay territories on a near-daily basis from
January 2006 to September 2008 to obtain resighting locations and
behavioural data for all colour-marked birds. Systematic resighting
surveys typically covered one-third of all territories per day and
were conducted along the existing grid of roads, allowing neareven access and search effort among territories. We made efforts to
ﬁnd each bird at least once per week throughout the breeding
seasons (MarcheAugust) and once every 3 weeks outside the
breeding seasons, and recorded one to ﬁve locations per day,
depending on duration of the observation and ﬂight distances.
We quantiﬁed an index of risk-taking behaviour in the presence
of a nest predator (short-term assessment) and compared this with
a bird’s willingness to re-enter a baited trap where it had been
captured previously (long-term annual assessment). We quantiﬁed
an index of exploration behaviour by presenting a novel foraging
situation within each bird’s territory (short-term assessment) and
compared this with a bird’s propensity to explore beyond territorial
boundaries (long-term annual assessment). Assessments of shortterm indices were made in the winters of 2007 and 2008, when the
jays were establishing territories prior to the nesting season,
whereas long-term behaviours were measured throughout the
year.
Short-term Risk Taking during a Predator Model Presentation
For an index of short-term risk taking we tested the behavioural
response of territorial jay pairs to a predator model (mount of an
adult, male raven, Corvus corax). Predation on adult Steller’s jays in
our study area was rare, but eggs and ﬂedglings were regularly
taken by ravens (P.O.G. & J.M.B., unpublished data). During the
breeding season we regularly observed breeding jays engaging in
mobbing behaviour towards ravens (alarm calling, close following,
approach to about 2 m). Mobbing is thought to be an energetically
expensive and potentially risky behaviour (Curio 1978; Sordahl
1990; Markman et al. 2002). Siberian jays, Perisoreus infaustus, are
reported to show considerable individual variation in mobbing
activity, and mobbing intensity of parents is related to the inclusive
ﬁtness beneﬁt achievable from protecting offspring (Griesser &
Ekman 2004).
Mobbing responses were measured from February to March
2008. Experimental locations were close to the territorial centres of
focal pairs and 5 m from cover. The raven was mounted in soaring
ﬂight posture and suspended at a height of 2.5 m by clear nylon
line, held by a vertical pole and small supporting platform. The
experiment was initiated by setting up the support pole without
the raven mount and attracting jay pairs to a pile of peanuts on the
ground at a distance of 3 m from the base of the pole. Once the focal
territorial pair had arrived and detected the peanuts the raven
mount was attached and revealed. The observer retreated 15 m and
started a 30 min observation period. During this period we recorded jay alarm calls and several other behaviours (not presented
here). No birds performed alarm calls or mobbing behaviours while
presented with only the support pole, and all birds took peanuts
from the experimental set-up within a few minutes after the raven
mount was removed. The raven mount seemed to be perceived as
a risk because only 18 of 87 birds took peanuts in presence of the
raven mount, over half of the birds engaged in alarm calling and no
bird came within 2 m of the mount.
Alarm calling at the raven mount sometimes attracted neighbouring jays that subsequently participated in mobbing activities.
Participation of territorial birds in alarm calling was independent of
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attending neighbours (chi-square test: c21 ¼ 0.14, N ¼ 28,
P ¼ 0.705). We used alarm-calling behaviour as a bivariate measure
of mobbing activity (call/no call), assuming that birds that actively
alarm-called were taking a greater risk than those that did not
alarm-call.

Lid

Peanuts

Long-term Risk Taking at a Familiar Trap
During weekly territory monitoring we recorded individual jays’
behavioural responses to the feeders they had previously been
trapped in to obtain an index of long-term risk taking. We assigned
scores between 0 and 5 depending on whether and how far birds
entered the familiar trap (0: no approach; 1: perched on top; 2:
perched at entrance; 3: entered halfway; 4: entered all the way for
less than 2 s; 5: entered all the way for more than 2 s). We calculated average individual scores for 2006 and 2008 (number of
scores per bird: mean  SE ¼ 3.4  0.2, range 2e12, N ¼ 109 birds),
where higher scores described greater willingness to take the risk
of re-entering the trap.
Annual trap re-entry scores were negatively correlated with
time since last capture in 2008 (Spearman rank correlations: 2006:
rS ¼ 0.16, N ¼ 43, P ¼ 0.32; 2008: rS ¼ 0.29, N ¼ 65, P ¼ 0.018) and
positively correlated with number of previous captures in both
years (2006: rS ¼ 0.36, N ¼ 44, P ¼ 0.02; 2008: rS ¼ 0.46, N ¼ 65,
P ¼ 0.0001). The directions of these correlations are opposite to
expectations if individual jays’ willingness to re-enter a trap would
have been confounded by previous captures. This implies that jays
that were more willing to take greater risks at a familiar trap were
also more likely to be captured more often and in shorter time
intervals, foreshadowing and conﬁrming a covariation between this
index of risk taking and trapping success.
Short-term Exploration of a Novel Feeder
Presentation of a novel feeder allowed us to assess individual
differences in solving the ecological trade-off between time
investment of exploring an unfamiliar situation and potential
energetic beneﬁts of a new food source (peanuts). The experiment
was designed to assess birds’ readiness to explore a novel feeding
situation not unlike opportunities experienced by jays foraging in
the forest among downed branches, duff and logs.
In February and March 2007 we conducted experiments close to
the territorial centre of focal pairs and 5 m from the nearest cover.
The experimental feeder consisted of a four-sided wooden box
without a ﬂoor and only half a lid (Fig. 1). These dimensions allowed
a jay to move on top, look inside, and to go inside on the ground
underneath the lid. A Y-shaped redwood branch (5 cm diameter)
was provided as a perch spanning both the covered and uncovered
portions of the box. We attracted birds to the set-up by a familiar
whistle that all study birds had previously been trained to and we
initiated the experiment when the focal territorial pair arrived
alone. To begin a trial, we placed seven peanuts on the ground
inside the box, partially underneath the lid, and three peanuts on
top of the lid, then retreated 15 m away. Birds were observed for the
subsequent 20 min.
In accordance with similar tests of exploration behaviour (e.g.
Dingemanse et al. 2002; Fox et al. 2009; Garamszegi et al. 2009a)
we assumed that the following behaviours represented an
increasing degree of exploration: (1) coming within 1 m of the
novel feeder, (2) perching on top without taking a peanut, (3)
taking a peanut from the top, (4) going inside the box for less than
2 s without taking a peanut, (5) taking a peanut from inside,
spending less than 2 s, (6) going inside the box for more than 2 s
without taking a peanut and (7) taking a peanut from inside,
spending more than 2 s. We recorded each jay’s initial latency, in

0.2
m

0.7 m

Redwood
branch

0.6 m
Figure 1. Schematic of experimental conﬁguration used to test short-term exploration
of a novel feeder. We placed peanuts inside and on top of a box with half a lid and no
bottom, offering a foraging opportunity not unlike situations experienced in the forest,
where jays enter enclosed spaces created by downed trees, branches and heavy duff.

2 min increments, to perform each of the seven behaviours, and we
assigned an arbitrary latency score of 25 for any behaviours not
performed during the 20 min observation period. If birds performed a higher-ranking behaviour at any time during the experiment, they received a latency score of 0 for lower-ranking
behaviours that they did not perform. We summed incremental
latency scores in each of the seven behavioural categories to obtain
an overall cumulative score for each bird. Birds that did not perform
any of the behaviours described during presentation of the novel
feeder consequently received a maximum cumulative score of 175.
Low cumulative latency scores represented a high degree of
exploration, because birds with low scores readily explored a large
area of the novel feeder for an extended period. For conceptual
clarity, we then inverted this scale so a low score represented low
exploration by subtracting all scores from 175, resulting in a range
of exploration scores between 0 and 169 (i.e. more exploration
yielded high scores).
Long-term Exploration beyond Home Territories
Maximum annual travel distances from territorial centres were
used as a measure of a bird’s propensity to travel and its opportunity to explore beyond the home territory. We used travel distances
for established breeders in years of stable territory ownership,
because new breeders and birds that change territories within
a year have inﬂated travel distances (P.O.G. & J.M.B., unpublished
data). Maximum annual travel distances were calculated for birds
with known nest sites and at least 17 annual resighting locations
(mean  SE ¼ 40.0  2.2, range 17e84, N ¼ 55). If more than one
nest location was known, the midpoint (centroid) between them
was used as territorial centre. A pilot analysis comparing breeding
home range centroids based on resightings to centroids based on
nest locations conﬁrmed that home range centroids underestimated annual travel distances (Wilcoxon signed-ranks test:
W ¼ 20, N ¼ 17, P < 0.01). Based on the site-centred territorial
behaviour of Steller’s jays (Brown 1963) we assumed that the
farther a bird was from its territorial centre the more unfamiliar it
would be with its environment. Birds that were found farther away
from their territorial centres were consequently deﬁned as more
explorative. We used the mean of ﬁve longest resighting distances
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for each year (2006e2008) from the territorial centre (nest location
or nest centroid) as an annual index for long-term exploration
beyond home territories. Travel distances measured in 2008 were
used to estimate repeatability of this trait (see below), but were
excluded from other analyses, because data collection in 2008 did
not encompass the entire calendar year.
Trapping Success
We used the success or failure to trap surviving individuals in
both 2006 and 2007 as a bivariate measure of trapping success
(recaptured/not recaptured).
Statistical Analyses
We tested the predictive power of short-term experimental
tests for long-term annual measures of individual differences in the
population and for consistency of responses over time and over
different ecological contexts as a basis for the description of
a behavioural syndrome in Steller’s jays.
We predicted that if readiness to re-enter a ‘risky’ trap and
exploration beyond a home territory (travel distance) are
meaningful long-term measures of a behavioural syndrome, then
those measures should be repeatable within individuals. If
behavioural responses vary with stochastic environmental
inﬂuences, we predicted that repeatability would increase with
the time frame of assessment. Repeatability was estimated from
the ratio of among-individual variance to the total variance (the
sum of among-individual and within-individual variances),
calculated from appropriate mean squares obtained from
ANOVAs using individual as the main effect (Lessells & Boag
1987). Repeatability scores (R) can range from zero to one,
where a score above 0.5 indicates that a greater proportion of the
variance is explained by the variation among individuals than by
the variation within individuals. We assessed consistency of the
long-term variable of re-entering a trap by calculating repeatability scores within years. For a measure of consistency over
a longer time frame, repeatabilities of annual indices of both reentering a trap and maximum travel distance were calculated
across multiple years. For the calculation of repeatability of
maximum travel distances we used data for 2008 in addition to
data for 2006 and 2007 to boost sample size. We obtained
maximum annual travel distances for 11 birds in two different
years and for seven birds in three different years. We assumed
that this repeatability estimate was conservative, because the
time interval for the calculation of maximum annual travel
distances was shorter in 2008 than in 2006 and 2007, probably
inﬂating within-individual variation. Since measurements for
both long-term variables, travel distance and re-entering a trap,
were highly repeatable within individuals between years, we
used the means of all valid observations per individual for
comparisons with other behavioural traits.
To investigate direction and strength of relationships between
behavioural traits, we calculated correlation coefﬁcients. We followed recommendations of Garamszegi (2006), Nakagawa &
Cuthill (2007) and Garamszegi et al. (2009b) to use effect sizes
and 95% conﬁdence intervals to interpret the relative magnitude of
biological relationships and the precision and certainty with which
the current data reﬂected those relationships. To present effect
sizes that are meaningful and comparable not only within our study
but also to other studies that make use of the effect size theorem,
we calculated correlation coefﬁcients from regressions either
directly (expressed as Spearman rS) or from related effect sizes
obtained from nonparametric two-sample tests (calculated as d and
converted into r) and contingency tables (expressed as w; Cohen

1988). In accordance with Cohen (1988), we interpreted effect
sizes of r or w ¼ 0.1 as small, r or w ¼ 0.3 as medium, and r or
w ¼ 0.5 as large. Statistical signiﬁcance testing based on critical P
values often does not satisfy the conceptual quest for biological
relevance, especially in studies of behavioural ecology (Nakagawa
2004; Garamszegi 2006). P values of the underlying statistical
tests are reported here for reference but not emphasized in our
interpretation of results.
To determine whether risk-taking and exploration behaviours
were related to potentially confounding factors other than individuality, we tested both short- and long-term indices of risk taking
and exploration for correlations with sex, age, body condition, and
between members of the same breeding pair (hereafter: pair
membership). None of the behavioural traits we measured were
signiﬁcantly related to sex, age, body condition or pair membership
(P > 0.1 in all cases; Supplementary Table S1).
Ethical Note
All procedures were conducted under appropriate state and
federal licenses for the capture and marking of birds, and were
approved by Humboldt State University’s Institutional Animal
Care and Use Committee (Protocol No. 08/09.W.14.A). The
majority of experimental and observational approaches did not
require capture of individuals, but were explicitly designed to
allow the assessment of behavioural traits in the wild, without
exposing animals to stress associated with captivity assays.
However, each bird in this study was captured at least once for
colour-marking and morphological measurements. Time in
captivity was kept to the minimum required for the procedures,
and birds were released typically within 30e45 min after
capture.

RESULTS
We observed 114 individually marked Steller’s jays over 3 years,
quantifying their short-term behavioural responses to a simulated
predator (raven mount) and a novel feeder, and average annual
indices of risk-taking (re-entering a trap where they had been
captured) and explorative behaviour (travel distance away from the
home territory). Seventy-seven per cent of the birds (N ¼ 43)
participated in alarm-calling behaviour while in presence of the
raven mount. Mean  SE annual risk-taking score while
approaching the baited trap was 3.2  0.1 (range 0e5, N ¼ 109).
Mean  SE exploration score during the novel feeder set-up was
80.2  8.3 (range 0e169, N ¼ 60). Maximum annual travel
distances ranged from 77 m to 520 m (mean  SE ¼ 231.2  13.5,
N ¼ 55), indicating a wide range of propensities and opportunities
for exploration beyond the home territory.

Correlations among Behavioural Responses
Comparisons within ecological contexts (short- and long-term
measures)
Birds that performed repetitive alarm calls in the presence of
a simulated predator (a short-term measure of risk taking) more
readily re-entered baited traps throughout the year (a long-term
measure of risk taking) than birds that were silent with the predator (Fig. 2a). Exploration scores while investigating a novel feeder
placed within the home territory (a short-term measure of exploration) were not related to maximum annual travel distances
beyond the home territory (a long-term measure of exploration;
Fig. 2b).
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Figure 2. Relationships between short-term and long-term behavioural responses within two ecological contexts: (a) short-term risk taking facing a simulated predator and an
index of long-term risk taking at a familiar trap (r34 ¼ 0.53, 95% CI ¼ 0.25e0.74, P ¼ 0.008) and (b) an index of short-term exploration of a novel feeder and long-term exploration of
unfamiliar environments (rS ¼ 0.20, 95% CI ¼ 0.26e0.59, N ¼ 20, P ¼ 0.391). Diamonds with error bars indicate means and SEs.

Comparisons between ecological contexts (risk taking and
exploration)
Jays that called in the presence of the raven had higher exploration scores at the novel feeder (Fig. 3a), and travelled longer
distances outside their territory (Fig. 3b) than birds that did not
alarm-call, with large effect sizes for both relationships. The readiness with which jays re-entered baited traps throughout the year
was positively correlated with exploration of the novel feeder

Readiness to re-enter baited traps was moderately repeatable
within individual jays within both years (2006: R ¼ 0.49, 95%
CI ¼ 0.33e0.64, F43,105 ¼ 4.37, P < 0.0001; 2008: R ¼ 0.41, 95%
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(Fig. 3c) and with maximum annual travel distances (Fig. 3d), with
medium effect sizes in both cases.
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Figure 3. Relationships between behaviours measured in four ecological situations: (a) short-term risk taking and short-term object exploration (r22 ¼ 0.53, 95% CI ¼ 0.16e0.77,
P ¼ 0.035), (b) short-term risk taking and long-term habitat exploration (r9 ¼ 0.69, 95% CI ¼ 0.16e0.91, P ¼ 0.045), (c) long-term risk taking and short-term object exploration
(rS ¼ 0.33, 95% CI ¼ 0.02e0.58, N ¼ 40, P ¼ 0.037) and (d) long-term risk taking and long-term habitat exploration (rS ¼ 0.37, 95% CI ¼ 0.08e0.70, N ¼ 20, P ¼ 0.106). Diamonds
with error bars indicate means and SEs.
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CI ¼ 0.28e0.54, F64,159 ¼ 3.43, P < 0.0001) and highly repeatable
across years (R ¼ 0.74, 95% CI ¼ 0.49e0.88, F22,23 ¼ 6.77,
P < 0.0001).
Maximum annual travel distances were highly repeatable
within individual jays (R ¼ 0.60, 95% CI ¼ 0.28e0.80, F17,25 ¼ 4.53,
P < 0.001).
Trapping Success of Behavioural Types
Birds that were recaptured in 2007 were more likely to re-enter
the baited trap throughout the year (Fig. 4a), and tended to be more
likely to alarm-call in the presence of the raven mount (Fig. 4b).
Recaptured birds travelled further beyond their home territories
(Fig. 4c) and received higher exploration scores during the novel
feeder experiment (Fig. 4d) than birds that were not captured.
DISCUSSION
We demonstrated how individual behavioural responses can
covary across ecological contexts to form a behavioural syndrome
in a wild population of urban Steller’s jays. The willingness of
individual jays to take risks in two situations was positively
correlated with their exploration behaviour of a novel feeding
situation within the home territory and of environments beyond
the home territories. Annual long-term indices of risk taking (reentering a trap) and exploration (travel distances outside the
territory) were highly repeatable over time and this consistency
reﬂected accurately that both measures were also meaningful
contributors to the behavioural syndrome we described. The

1
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4

Proportion captured

Trap re-entry score

5

3
2
1

0

signiﬁcance of such consistencies and correlations for the concept
of behavioural syndrome has been established in the comprehensive study of the great tit, Parus major (Drent 2006), but
similar relationships in species with a different ecology have
usually been demonstrated only for single traits or single
measures of traits (Pruitt et al. 2008; Garamszegi et al. 2009a;
Kurvers et al. 2009; but see Kralj-Fiser et al. 2007). Expression
of behavioural types was independent of potential covariates such
as age and body condition, and also of a jay’s sex and the
behaviour of its mate. We could thus conﬁrm that male and
female Steller’s jays solve ecological trade-offs with similar
behavioural strategies, as might be predicted from their almost
identical lifestyles (Brown 1963; Greene et al. 1998). Such
ecological and behavioural similarity between the sexes is rare
(Kurvers et al. 2009). It opens a relatively unique perspective on
the investigation of behavioural syndromes and mating strategies,
because selection on correlated behavioural characters in
a syndrome should not be constrained by conﬂicting selection on
different trait optima between the sexes, in contrast to behaviourally dimorphic species (Partridge 1994; Dingemanse et al.
2004; Pruitt & Riechert 2009). The independence of behavioural
responses between pair members validated our approach to assess
birds under natural conditions in the wild, which required the
simultaneous testing of mates in some experiments. Moreover,
the unrelatedness of responses between mates occupying the
same territory makes it unlikely that behavioural differences were
based on differences in habitat quality among territories (Riechert
& Hall 2000), which can inﬂuence especially individual travel
distances (Brooker & Rowley 1995; Fort & Otter 2004).

No capture

Capture

(b)

0.8
0.6
0.4
0.2

No call

0

(c)

Travel distance (m)

300
250
200
150
100
50
0

No capture
Capture
Trapping success

Novel feeder exploration score

350

Call

Calling behaviour during
raven mobbing

Trapping success

150
(d)
125
100
75
50
25
0

No capture
Capture
Trapping success

Figure 4. Relationships between trapping success and (a) long-term risk taking (r19 ¼ 0.65, 95% CI ¼ 0.27e0.85, P ¼ 0.036), (b) short-term risk taking (w25 ¼ 0.36, 95%
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Predictive Signiﬁcance of Short-term Measures
We conﬁrmed that risk taking in Steller’s jays could be
adequately assessed in a short-term experiment, which was a good
predictor of long-term risk-taking behaviour. Individual risk-taking
responses were strongly positively correlated between the shortterm (alarm calling in presence of a predator) and the long-term
(re-entering a baited trap) contexts, and both measures were
positively related to investigation of a novel feeder and to exploration of habitats beyond the home territory (travel distance) across
individual jays. Together with the ﬁndings of Herborn et al. (2010),
in which two behavioural traits in blue tits, Cyanistes caeruleus,
were correlated between measures in captivity and the wild,
indicates that some behavioural traits may be reliably measured in
controlled short-term tests.
Interestingly, the two indices of exploration, which were not
correlated with each other, also showed similar covariations with
risk taking when in view of the raven mount and when re-entering
a trap. This implies that both exploratory strategies are of similar
signiﬁcance to a behavioural syndrome in Steller’s jays. However,
the two different contexts of exploration behaviour (i.e. investigating the novel feeder and travelling beyond the home territory)
appear to be driven by separate ecological trade-offs. Active and
fast responses of individual animals to novelty are often equated
with a willingness to explore new food sources and habitats
simultaneously (Gosling 2001; Réale et al. 2007; Smith & Blumstein
2008; Farwell & McLaughlin 2009; Schuett & Dall 2009). Measures
of habitat exploration are typically short-range measures
(Dingemanse et al. 2002; van Oers et al. 2005; Pruitt et al. 2008;
Garamszegi et al. 2009a). Garamszegi et al. (2009a), for example,
interpreted the willingness of a bird to approach a familiar nestbox
outﬁtted with an unfamiliar object as exploration of a novel environment. The conceptual difference between novel object and
novel environment exploration in such experiments is therefore
not apparent, which might contribute to generally strong correlations between the two traits (Verbeek et al. 1994, 1996;
Dingemanse et al. 2002). In contrast, ﬁndings of Fox et al. (2009)
and Minderman et al. (2009) indicate that exploration behaviour
can be selected for in unrelated behavioural axes that represent
separate ecological strategies. Fast explorers may move through the
environment more quickly and encounter a larger area, but the
information gathered might be more superﬁcial than that gathered
by slow explorers. This distinction is interpreted as a trade-off
between quality and quantity of exploration. Our results can
support and extend this argument because jays that travelled
further were not particularly better at investigating the novel
feeder at the home territory. Subsequent experiments could test
whether jays that are highly explorative of a novel feeder at home
are also good qualitative exploiters of novel foraging situations,
regardless how far away from home such items are found. On the
other hand, jays that travelled far might be expected to be superﬁcial, quantitative explorers. These behavioural responses may
represent two alternative exploratory strategies that are unrelated
because time investment in one strategy might not allow simultaneous investment in the other strategy.
In addition, the strength of exploration of novel objects in jays
may be mediated mostly by neophobia (Greenberg & MettkeHofmann 2001; Réale et al. 2007), whereas habitat exploration
may be shaped more strongly by social dominance, since far-travelling jays regularly encounter and compete with conspeciﬁcs
(Brown 1963). If this interpretation is correct, it would suggest that
the two exploratory behaviours that we measured are probably
selected for in unrelated behavioural axes, consistent with
suggestions of Mettke-Hofmann et al. (2002) that neophobia in
a feeding context and exploration in a neutral context might be
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functionally independent in many animal species. MettkeHofmann et al.’s (2002) ﬁnding that exploration, but not neophobia, was related to intraspeciﬁc dominance rank in parrot
species also supports our interpretation that social dominance
might drive habitat exploration in Steller’s jays. Notably, jays with
the shortest annual travel distances (e75e150 m from territorial
centres) rarely travelled beyond the home territory, and might thus
have limited opportunities to encounter alternative territories and
mates (Hale et al. 2003). This could have important implications for
mating strategies and alternatives to social partnerships
(Choudhury 1995; Black 1996; Westneat & Stewart 2003). Future
research could address whether birds that frequently explore
beyond their home territories are more likely to switch social
partners or territories or to participate in more extrapair copulations (Kempenaers et al. 1992) and whether they are more likely to
lose a mate or territory or to be cuckolded because they spend less
time with their mate in the home territory (Gowaty 1996;
Brylawski & Whittingham 2004).
The relationships of individual jays’ behavioural traits between
ecological contexts also varied in strength (as indicated by medium
effect values, sensu Cohen 1988). Response to the raven mount was
strongly related to both exploration indices. All these behavioural
measures may have had a component of novelty, and thus were by
deﬁnition driven to some degree by neophilia. In contrast, risk
taking at a familiar trap explicitly contained minimal novelty,
which may explain why the relationship of this trait to both
exploration behaviours was only of moderate strength. Similarly,
Garamszegi et al. (2009a) suspected that the strong correlation of
risk taking and exploration in wild male collared ﬂycatchers, Ficedula albicollis, was due to shared elements of neophobia and risk in
the performed experiments, whereas weak associations of both
those traits with aggression probably indicated a lack of common
proximate mechanisms. In addition, the strength of the relation
between our long-term behavioural measures, risk taking at
a familiar trap and habitat exploration was subject to uncertainty,
evident from the large conﬁdence interval around the effect size.
While relatively small sample sizes probably contributed to some
uncertainty in most of our behavioural comparisons, we attribute
the particularly large margin in this relationship to variability in
individual behaviours between years, driven by a variable environment. The patterns of repeatability in these long-term behaviours, discussed below, suggest that reliability of a behavioural
measure is maximized by repeated sampling over the greatest
variety of conditions. Logistic constraints, in combination with the
relatively short study period of 3 years, limited our ability to obtain
behavioural sampling of all birds in all relevant time periods and
environmental conditions, emphasizing the importance of
continuing observations and experiments over many years to
reduce the inﬂuence of environmental variability and to increase
reliability in the description of behavioural relationships.
Repeatability of Long-term Behavioural Traits
The consistency of a behavioural response over time, usually
measured as repeatability, is used to judge the signiﬁcance of a trait
to a behavioural syndrome in a particular species (MettkeHofmann et al. 2005; Cote & Clobert 2007), or the suitability of
the speciﬁc measure to detect such a signiﬁcance (Farwell &
McLaughlin 2009). In accordance with this interpretation, annual
scores for re-entering a baited trap and distances travelled from
territory centres were meaningful measures of individuals’ willingness to take risks and their propensity to travel and explore
unfamiliar environments, respectively. However, our estimate of
repeatability increased with the time frame of assessment, where
within-year repeatability of risk taking at baited traps was only
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moderate, whereas repeatability across years was strong. This may
indicate that stochastic environmental and intrinsic inﬂuences
confounded repeatability estimates over the short term, which in
turn can inﬂuence interpretation of the selective signiﬁcance
(Minderman et al. 2009; Schuett & Dall 2009) and genetic inﬂuences on a trait (Réale et al. 2000). Variation in some environmental
factors such as weather and presence of conspeciﬁcs was partially
due to ﬂuctuating experimental conditions in the wild, and would
be easier to control in captivity. However, experimental snapshots
in captivity cannot control for seasonal or developmental variation
in motivation or differences in experience, which can inﬂuence
behavioural responses (Bell & Stamps 2004; Mettke-Hofmann et al.
2005). The long-term observation of behaviours, allowing for
repeated sampling over a variety of conditions, might therefore be
the most accurate approach to determine the signiﬁcance of a trait
for the description of a behavioural syndrome.
Differential Trapping Success of Behavioural Types
Steller’s jays that were willing to take greater risks and that
showed highly explorative behaviours were more likely to be
captured in 2006 and recaptured in 2007 than risk-averse and less
explorative individuals. These ﬁndings afﬁrm the suspicion that
trapping success and behavioural syndromes are generally strongly
correlated and that trappability should be regarded as a component
of behavioural syndromes (Wilson et al. 1993; Mills & Faure 2000;
Réale et al. 2000; Malmkvist & Hansen 2001; Garamszegi et al.
2009a). Since a pool of captured animals is likely to contain
a different distribution of behavioural types than the entire population, this has important consequences for design and interpretation of studies of behavioural syndromes and covarying traits in
captivity (Biro & Dingemanse 2008; Garamszegi et al. 2009a).
Although we were able to avoid a sampling bias for behavioural
types in this study by using behavioural measures and experiments
in the wild, a number of potentially ﬁtness-relevant traits that may
also covary with behavioural syndromes can only be measured in
captivity (Krause et al. 1998; Wilson 1998; Carere et al. 2003;
Brown & Braithwaite 2004; López et al. 2005; Garamszegi et al.
2007; Kralj-Fiser et al. 2007). Many studies may miss one end of
the natural distribution of phenotypes for the wide array of
morphological and physiological characteristics that are assessed.
The longevity and year-round residence of our study species
provides an advantage for addressing this problem. Our study
included close to 100% of the population resident in the study area.
Each individual was captured at least once initially to ﬁt colour
bands prior to the study, which was possible because of repeated,
long-term, and if necessary, individually focused, trapping efforts.
We therefore suggest that long-lived resident species such as the
Steller’s jay are a suitable model species to explore ﬁtness consequences and ﬁtness-relevant correlates of behavioural syndromes,
especially when such ﬁtness consequences and the distribution of
behavioural strategies are expected to ﬂuctuate over time
(Dingemanse et al. 2004; Sih et al. 2004; Both et al. 2005; Frost et al.
2007).
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