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Personality in animal behaviour describes the observation that behavioural differences between indi-
viduals are consistent over time and context. Studies of group-living animals show that movement order
among individuals is also consistent over time and context, suggesting that some individuals lead and
others follow. However, the relationship between leadership and personality traits is poorly studied. We
measured several personality traits and leadership of individual barnacle geese, Branta leucopsis.
We measured body size and scored the dominance of individuals living in a stable group situation before
subjecting them to an open-field test, an activity test, a novel-object test, and a leadership test in which
the order of the movement of individuals in pairs towards a feeding patch was scored. We found high
repeatability for activity and novel-object scores over time. Leadership was strongly correlated with
novel-object score but not with dominance rank, activity or exploration in an open field. These results
provide evidence that leadership is closely related to some aspects of personality. Interestingly, an
individual’s arrival at the food patch was affected not only by the novel-object score of the focal indi-
vidual, but also by the novel-object score of the companion individual, indicating that movement
patterns of individuals living in groups are affected by the personality traits of other group members and
suggesting that movement patterns of a group may be shaped by the mix of personality types present in
the group.

Crown Copyright � 2009 Published on behalf of The Association for the Study of Animal Behaviour by
Elsevier Ltd. All rights reserved.
Personality in animal behaviour describes the observation that
differences between individuals in behavioural and physiological
traits are consistent over time and context (for reviews see Gosling
& John 1999; Koolhaas et al. 1999; Carere & Eens 2005; Groothuis &
Carere 2005). Different behavioural and physiological reactions are
often correlated, suggesting that these differences are fundamental
aspects of the behavioural organization of individuals and are the
subject of natural (Dingemanse & Reale 2005; Smith & Blumstein
2008) or sexual selection (van Oers et al. 2008). The concept of
interindividual differences has also been referred to as coping
styles (Koolhaas et al. 1999), temperament (Reale et al. 2007) and
behavioural syndromes (Sih et al. 2004a, b). Here we distinguish
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between ‘personality traits’ for repeatable behaviours and
‘personality’ for a suite of these traits.

Studies of group-living animals show that the order in which
individuals move between locations and initiate or follow group
movements towards a new feeding site can also be consistent over
time and context (Dumont et al. 2005). Certain individuals are
observed to be consistently at the forefront of collective move-
ments and these individuals have been described as ‘leaders’
(Beauchamp 2000; Dumont et al. 2005; Harcourt et al. 2009).
Leadership can be affected by experience (Reebs 2000), motivation
(Fischhoff et al. 2007) or dominance (Stahl et al. 2001) and can have
important fitness consequences. For example, individuals on the
leading edge are the first to arrive at new food patches and suffer
less from depletion, but they may also face higher predation risk
(Krause 1994; Stankowich 2003). These differences in potential
costs and benefits and the consistency of movement order lead to
the suggestion that leaders might be intrinsically different from
followers in certain personality traits. Several studies have inves-
tigated whether behavioural variation associates with leadership,
but to date only one study has looked at the relation between
personality and leadership (Schuett & Dall 2009).
the Study of Animal Behaviour by Elsevier Ltd. All rights reserved.
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In zebra finches, Taeniopygia guttata, more active (Beauchamp
2000) and explorative (Beauchamp 2000; Schuett & Dall 2009)
individuals were the first to arrive at a food patch. In golden
shiners, Notemigonus crysoleucas, individuals that led showed
a very weak correlation with boldness measured as the willingness
to pass through a dark U-shaped tube and no correlation with
boldness measured as the willingness to emerge from a refuge
(Leblond & Reebs 2006). In three-spined sticklebacks, Gasterosteus
aculeatus, individuals with a higher propensity to leave cover led
more often in foraging trips of two individuals (Harcourt et al.
2009). These studies show that behavioural variation can associate
with leadership, but they did not look directly at the relation
between personality and leadership (but see Schuett & Dall 2009).

To increase our understanding of the relationship between
personality and leadership we measured three personality traits
(exploration, activity and boldness) and leadership of individuals of
the highly social barnacle goose, Branta leucopsis. We scored the
dominance of individuals living in a stable group situation and
subjected them to three personality tests: an open-field test
(exploration), an activity test (activity) and a novel-object test
(boldness). During the personality tests individuals were observed
alone. To test their leadership we allowed the geese to move
towards a feeding patch in pairs and measured which individual
took the lead and how long it took for each individual to arrive. We
calculated repeatability scores of replicate tests and correlated
different behaviours. Additionally we studied the effect the
personality of the companion had on the behaviour of the focal
individual during the leadership test, because in group-living
animals the behaviour of an individual might depend on the
personality traits of its companions (e.g. Magnhagen & Staffan
2005; Sih & Watters 2005). We predicted that more explorative and
bolder individuals (1) would lead more often and (2) would arrive
more quickly at the food patch than less explorative and less bold
individuals. Moreover, we predicted (3) that individuals paired
with a more explorative and bolder companion would arrive more
quickly at the food patch than individuals paired with a less
explorative and less bold companion.

METHODS

Study Species

We used captive-born wing-clipped barnacle geese, each fitted
with a uniquely coded white-coloured leg ring for identification. All
of these individuals were born in 2007 (N ¼ 18) and were unpaired.
Birds were sexed by visual inspection of sexual organs in the cloaca
(10 females, 8 males). Before the start of the experiment we
measured tarsus and culmen length (�0.1 mm) using callipers,
wing length (�1.0 mm) using a ruler, and body mass (�1.0 g) using
a digital balance (19 December 2007). One observer carried out all
measurements to minimize observer bias. We used a principal
components analysis of tarsus, culmen and wing lengths to derive
a measure of body size. PC1 explained 76.6% of the variation. Body
condition was calculated as the residual from a regression of
body mass on PC1.

Housing and Experimental Arena

All geese were kept as one group in an outdoor enclosed area of
12 by 15 m at the Netherlands Institute of Ecology in Heteren, The
Netherlands. Throughout the experiments geese were fed ad libi-
tum with a mixture of grains, pellets and grass. In the outdoor
enclosure was a large pond (6 by 1 m) with continuous flowing
water for bathing and drinking. A fenced corridor connected this
outdoor enclosure with the experimental arena. Experiments were
Please cite this article in press as: Kurvers, R.H.J.M., et al., Personality differ
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conducted in an arena of 3 by 9 m, built inside a greenhouse to
reduce disturbance due to environmental factors. The arena was
fenced with white plastic (height: 80 cm) and the floor covered
with anti-root cloth. On the floor, a grid of 75 compartments
enabled us to measure movement patterns in detail. Geese entered
the arena through a wooden pen equipped with a sliding door,
which could be operated from outside the greenhouse. The arena
was visually but not acoustically isolated from the outdoor enclo-
sure. Four cameras placed above the arena provided complete
coverage. All trials were videotaped and the behaviour was ana-
lysed from the recordings afterwards.

Dominance Score

Prior to the experiments (19–27 December 2007) we scored
agonistic interactions in the flock of 18 individuals. To avoid any
human influence, we made observations using binoculars from
a caravan. We defined an interaction as a direct confrontation
between two birds, ranging from threats with lowered head and
neck to active chases with flapping wings (Stahl et al. 2001). We
scored the participants of the interaction as well as the outcome.
We considered an interaction as being won by an individual when
the opponent turned and walked or ran away (Stahl et al. 2001). In
total we scored 474 interactions (mean number per individual:
55.6; range: 27–86 interactions). Because the number of unknown
relationships was small we constructed a dominance matrix, which
is more precise under these conditions than using the dominance
score (Poisbleau et al. 2006). A dominance matrix takes into
account the identity of each opponent and all the interactions and it
is built in such a way that inconsistencies are minimized (de Vries
et al. 1993).

Experimental Procedure

All transportation was done without handling the geese. During
each test geese were separated from each other in the early
morning and placed as pairs in smaller holding enclosures to
facilitate transport between the outdoor enclosure and the exper-
imental arena. In the holding enclosures we provided water and
a mixture of grain and pellets, which was refreshed each morning.
Geese were kept in pairs in the holding enclosures. The holding
enclosures were large enough (3 by 1 m) so that individuals were
able to escape from aggressive behaviour of their companion,
although aggressive behaviour was rarely observed.

To reduce the effect of social interactions in the cage on
behaviour during trials, geese were separated from their fellows
and held for 5 min in separate cages prior to each trial. After 5 min
of habituation a goose was gently driven towards the wooden pen
that served as the entrance to the experimental arena, where it was
held for an additional 2 min before being admitted to the arena. All
geese immediately entered the arena after the slide was opened.
All experiments were done between 0900 and 1230 hours, local
time. All animal experiments were approved by the animal
ethical committees (Dier Experimenten Commissie) of both the
Royal Netherlands Academy of Arts and Sciences and the Wage-
ningen University (protocols 2007129.b and 2008094.b).

Open-Field Test

To study exploration behaviour we used an open-field test (Walsh
& Cummins 1976). On 5 and 6 January 2007 we introduced each
goose once for 10 min into the arena (see above). The experimental
order was randomized. The geese had no previous experience with
this arena. As a measure of exploration we scored how many grid
compartments each goose visited throughout the 10 min.
ences explain leadership in barnacle geese, Animal Behaviour (2009),
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Activity Test

Because activity is preferably measured in a familiar environ-
ment (Barnett & Cowan 1976), we introduced each goose four times
into the arena on separate days for 10 min to habituate the geese to
the experimental arena before continuing with the activity test. On
16 and 17 January 2007 each goose was introduced once into the
experimental arena to measure activity levels. As a measure of
activity we scored the total number of grid compartments visited.
The same procedure was repeated on 18 and 19 January 2007.

Novel-Object Test

We conducted a novel-object test on 31 January and 1 February
2007. We use the term ‘boldness’ for the reaction towards a novel
object (Frost et al. 2007), although it has been proposed to use the
term ‘exploration’ for the reaction towards a novel object (e.g. Reale
et al. 2007). We placed a novel object (green plastic mat) in the
middle of the arena, introduced each goose once for 10 min, and
scored the minimal distance (cm) reached between the goose and
the novel object, as well as the time elapsed (s) before the goose
came within 50 cm of the novel object. If the goose did not arrive
within a close distance (50 cm) of the novel object it was assigned
an approach latency of 600 þ 1 s. The test was repeated with
another novel object (a brown deep-pile rug) on 7 and 8 February
2007. Because both minimal distance and approach latency may
contain information about the reaction towards the novel object we
calculated principal components (PCs) for each test as an inde-
pendent measure of novel-object score. PC1 explained 83.0 and
76.0% of the variation for test 1 and test 2, respectively. The
correlations of both variables with PC1 were negative, implying
that high values of PC1 correspond to bolder individuals.

To study the repeatability of behaviours over time we repeated
the three personality tests 10 months later (10–27 November 2008;
termed period 2) following the same procedure. For period 2, PC1 of
the novel-object test explained 90.2 and 89.9% of the variation for
test 1 and test 2, respectively.

As a measure of exploration of an open field we averaged the
two measurements of each individual. We averaged the four
measurements of activity and novel-object score to obtain
a composite measure of each behaviour for each individual. The
activity score was log transformed to meet assumptions of
normality.

Leadership Test

To test for leadership, we provided a food patch at the far end of
the arena and we recorded which individual in a pair of two was the
first to arrive at that food patch. As a food patch we used a patch of
fresh grass (mainly consisting of Lolium perenne), which was
refreshed each morning. To minimize possible confounding effects
of dominance during arrival, we provided a fairly large patch
(1.5 � 0.2 m). The first goose to arrive was given a score of 1, and the
other a score of 0. In addition we scored whether each goose arrived
at the food patch (yes/no) and, if yes, the time elapsed before arrival
at the food patch (s). A trial was ended 1 min after both geese
started to forage and lasted up to a maximum of 10 min. If both
geese did not arrive at the food patch within 10 min both individ-
uals received a score of 0 (N ¼ 25 trials). Each goose was tested once
against every other goose. Geese were used once a day, resulting in
nine trials per day and 153 trials in total over a period of 17 days
(between 15 February and 4 March 2008). The first day, geese were
paired randomly. Thereafter, we used a rotating system to pair the
couples. The order of introducing the couples on each day was
randomized.
Please cite this article in press as: Kurvers, R.H.J.M., et al., Personality differ
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After the experiments the geese were kept in one group at the
Netherlands Institute for Ecology for further behavioural experi-
ments, as they are part of a larger research project on personality.

Statistics

Repeatability is a measure of the within-individual variance
compared with the among-individual variance and gives the
phenotypic variance explained by the individual. To calculate
repeatability of behaviours we calculated the mean squares from
a one-way analysis of variance (ANOVA) with individual as the
main effect. Repeatability was calculated following Lessells & Boag
(1987) and its standard error following Becker (1984). We calcu-
lated repeatability of activity and novel-object score for period 1
and period 2 separately and for both periods combined. Because the
score for exploration of an open field was calculated only once
during each period we could calculate repeatability only for both
periods combined. We compared repeatability between both
periods using pairwise t test.

We organized all observed dominance interactions between
individuals in a sociometric matrix. To test for linearity we calcu-
lated Kendall’s coefficient of linearity K, Landau’s index h and the
index of linearity h0 using MatMan 1.1 (Noldus Information Tech-
nology, Wageningen; and see de Vries et al. 1993). Both indexes
vary from 0 (complete absence of linearity) to 1 (complete line-
arity). Statistical significance of K is calculated by a chi-square test.
The index h0 is based on h and takes into account the existence of
unknown relationships. Statistical significance of h0 is provided by
a resampling procedure using 10 000 randomizations (de Vries
1995). If the dominance is linear MatMan calculates a rank order
most consistent with a linear hierarchy by minimizing the number
of inconsistencies and then minimizing the total strength of
inconsistencies (de Vries 1998). Each bird was then assigned a rank
from 1 (most subordinate) to 18 (most dominant).

Correlations between dominance, different behaviours, body
size, body condition and leadership data were analysed using the
Pearson correlation coefficient (r) if the data were normally
distributed or the Spearman rank coefficient (rS) if the data could
not be normalized. From the leadership data we calculated the total
number of trials an individual led and its average arrival time.
Because of the many correlations we used a sequential Bonferroni
test (Rice 1989) to control for a type 1 error. To test for differences in
sex we used a t test or a Mann–Whitney U test.

To test the effect of dominance, body condition, and behavioural
traits of the focal individual as well as the companion on (1) arrival
(yes/no) and (2) arrival time (s) of the focal individual during the
leadership test we used linear mixed-effect models. (1) To analyse
the effect on arrival (yes/no), we used generalized linear mixed
models with binomial errors and a logit-link function. (2) To
analyse the effect on arrival time within the group of individuals
that arrived, we used general linear mixed models. Arrival time was
log transformed to meet the criteria of normality. As fixed effects in
both models we fitted body condition, activity, novel-object score
and the novel-object score of the companion, together with the
interactions between dominance and novel-object score and
between dominance and novel-object score of the companion. To
avoid problems with pseudo-replication we fitted focal individual
and companion individual as random effects. We started with full
models containing all terms. Minimal adequate models were
obtained by stepwise deletion of nonsignificant terms (P > 0.1),
starting with the highest-order interactions or the least significant
term. To compare the explanatory power of two subsequent models
we used a log-likelihood ratio test, which follows a chi-square
distribution, with degrees of freedom equal to the difference in the
number of parameters between the two models. We inspected that
ences explain leadership in barnacle geese, Animal Behaviour (2009),
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the error variation was normally distributed. We used the package
lme4 for generalized mixed-model procedures and nlme for
general mixed-model procedures in R (version 2.7.2). For all other
calculations we used SPSS (version 15.0).

RESULTS

Repeatability

Repeatability of activity and novel-object scores was generally
high, ranging from 0.56 to 0.85, and did not vary between periods
(Table 1). Repeatability of the open-field exploration score was low
(0.04) (Table 1).

Dominance

The value of Kendall’s linearity index (K ¼ 0.61, P < 0.001),
Landau’s index and the corrected index of the sociometric matrix
were high (h ¼ 0.62, h0 ¼ 0.65, P < 0.001), allowing the use of
a linear order to rank the individuals (Fig. 1). Dominance rank was
significantly correlated with body size (Table 2), but there was no
correlation with body condition (Table 2). Males had on average
higher dominance ranks than females (U ¼ 7, N1 ¼8, N2 ¼ 10,
P < 0.01) (see also Fig. 1).

Correlations Between Sex, Behaviours and Dominance

Males had a larger body size (X � SD ¼ 0:66� 1:04) than
females (�0.53 � 0.59) (t16 ¼ 3.06, P < 0.01), but there was no
significant difference in body condition (males: �68.4 � 137.7;
females: 54.7 � 133.4; t16 ¼ �1.91, P ¼ 0.08). There were no sex
differences in behaviour during the personality tests (exploration,
activity and novel object all P > 0.1).

Dominance rank was not significantly correlated with explora-
tion, activity or novel-object score (Table 2). Neither body size nor
body condition were significantly correlated with exploration,
activity or novel-object score (Table 2). There were no significant
correlations between the three behaviours (exploration, activity
and novel-object score; Table 2).

Leadership

Novel-object score was significantly correlated with the leader-
ship score (¼number of trials leading; Table 2, Fig. 2). Likewise,
individuals with a higher novel-object score arrived at the food
patch more quickly (Table 2). Leadership was not significantly
correlated with dominance, exploration, activity, body size or body
condition (Table 2). There was no sex difference in leadership
(U ¼ 38, P > 0.1). There was no significant correlation between
arrival time and dominance, exploration, activity, body size or body
condition (Table 2) and there was no sex effect (t16 ¼ �0.689,
P > 0.1). To study if the effect of novel-object score on leadership
score diminished over time we performed a separate analysis for the
first 9 days and the last 8 days of the leadership test. In both periods
there was a strong positive correlation between novel-object score
Table 1
Repeatability scores of various behaviours in January 2008 (period 1), November
2008 (period 2), and both periods combined

Behaviour Period 1 Period 2 Both periods t test P

Open-field score d d 0.04�0.24 d d

Activity score 0.60�0.15 0.77�0.10 0.56�0.12 �0.94 0.52
Novel-object score 0.64�0.14 0.85�0.07 0.72�0.09 �1.34 0.41

Means � SE are shown. N ¼ 18. t statistics refer to the comparison of repeatability
between period 1 and period 2.

Please cite this article in press as: Kurvers, R.H.J.M., et al., Personality differ
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and leadership score (first 9 days: r ¼ 0.83, P < 0.001; last 8 days:
r ¼ 0.61, P ¼ 0.008).

Mixed-model analysis revealed that individuals with a high
novel-object score arrived at the food patch more often (c1

2 ¼ 12.04,
P < 0.001; Fig. 3) and that individuals paired with a companion
with a higher novel-object score also arrived more often (c1

2 ¼ 5.20,
P ¼ 0.023; Fig. 4). None of the other variables was significant (all
P > 0.1). Within the group of individuals that arrived, individuals
with a high novel-object score arrived earlier at the food patch
(c1

2 ¼ 4.86, P ¼ 0.031), but the novel-object score of the companion
did not significantly explain arrival time (c1

2 ¼ 2.42, P ¼ 0.12). None
of the other variables was significant (all P > 0.1).

DISCUSSION

Our data show that activity and boldness are consistent in
individual barnacle geese. Bold individuals led the group and
arrived at the food patch more often, and they arrived sooner.
Moreover, individuals paired with a bolder companion had a higher
chance of arriving at the food patch.

Repeatability scores of activity and boldness were high, both
within a period and between periods. The only behaviour that
appeared not to be repeatable over time was the exploration of an
open field. This could indicate that the individuals recognized the
arena during the second period (nearly one year later), because
the arena was identical, or that this test is not adequate to measure
the exploration of an open field in barnacle geese. The high
repeatability scores over time and the strong correlation between
novel-object score and leadership suggest the presence of
personality variation in barnacle geese. Dominance was not
correlated with exploration, activity or boldness. Likewise, males
and females did not differ in exploration, activity and boldness
score. This is in agreement with the general finding that differences
in personality traits are usually independent of social status and sex
(Drent et al. 2003). Boldness was not correlated with activity,
suggesting that an individual’s reaction towards a novel object was
not merely a reflection of its activity level, but that these behaviours
are different traits. Bold individuals did not have a higher explo-
ration score in the open-field test. In great tits, Parus major, there is
a strong correlation between the behaviour of an individual in both
tests (Verbeek et al. 1994) and sometimes the behaviour in
both tests is added up to represent one personality trait
(e.g. Martins et al. 2007). However, because of the low repeatability
of an individual’s exploration score during the open-field test and
the absence of a correlation between both tests we decided to treat
these outcomes as different aspects of barnacle goose personality.

Leadership was best predicted by the novel-object score. Bolder
individuals led the pair more often compared to shyer individuals;
they arrived more often at the food patch and arrived there earlier.
Few studies thus far have studied the relationship between
behavioural variation and leadership: in zebra finches (Beauchamp
2000; Schuett & Dall 2009) and three-spined sticklebacks
(Harcourt et al. 2009) more explorative (bolder) individuals led
more often, but no evidence for this was found in golden shiners
(Leblond & Reebs 2006). However, these studies did not provide
evidence that the individual variation in behaviour is repeatable
over time or context and thus did not study personality but
personality traits. Here we show that several aspects of individual
behaviour in barnacle geese are repeatable over time and that one
of these aspects of personality, namely novel-object approach, is
a predictor of leadership. One could argue that the patch of grass
during the leadership test was treated as a novel object. We have
two reasons to believe that this was not the case. First, the indi-
viduals were used to foraging from such a patch in their outdoor
enclosure. Hence, the individuals were familiar to the ‘object’ itself.
ences explain leadership in barnacle geese, Animal Behaviour (2009),
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Second, the leadership test was performed over a period of 17 days,
using each individual once per day. If there was a strong effect of
novelty then we would expect that the effect of the novel-object
score would diminish over time. However, this appeared not to be
the case because there was a strong correlation between novel-
object score and leadership score during the first 9 days as well as
during the last 8 days of the leadership test.

Whether a goose arrived at the food patch was affected not only
by the novel-object score of the focal individual but also by the
novel-object score of its companion. Individuals paired with
a bolder companion arrived more often at the food patch. This
effect was very pronounced: in the presence of the boldest
companion the focal individual had a 100% chance of arriving at the
food patch, whereas in the presence of the shyest individual this
probability was less than 60% (Fig. 4). Thus, although personality
has a genetic (van Oers et al. 2005a) and a rigid underlying physi-
ological mechanism (Koolhaas et al. 1999), and traits are genetically
correlated (van Oers et al. 2004), the expression of the behaviour in
a social context depends strongly on the behaviour of other
members. To our knowledge, this is one of the few studies that
show that an independent personality trait measured in a nonsocial
context affects the behaviour of other group members in a social
context. A number of other studies have recently shown that the
behaviour of an individual changes according to the personality
Table 2
Results of multiple correlations between dominance, body size, body condition, behavio

Body size Body condition Exploration

Dominance rS [0.732 rS ¼ �0.301 rS ¼ 0.260
P < 0.001 P ¼ 0.23 P ¼ 0.29

Body size r ¼ 0.000 r ¼ 0.283
P ¼ 1.00 P ¼ 0.25

Body condition r ¼ �0.272
P ¼ 0.27

Exploration

Activity

Novel object

Leader

Leader was calculated from the total number of trials an individual led. Arrival time was th
Significant results are given in bold.
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type of the group members, but most studies use personality
measurements assessed in a social context (Magnhagen & Staffan
2005; Sih & Watters 2005; Dyer et al. 2008; Michelena et al. 2008)
thereby providing no independent measure of a personality trait,
because the social context may alter the behavioural expression of
individuals (as clearly shown in this study). Harcourt et al. (2009)
studied leadership in three-spined sticklebacks and showed that
the tendency to follow another individual increased with the
boldness score of the partner and the tendency to follow was
greater with decreasing boldness in the following individual. They
concluded that leadership emerges from differences in personality
traits. However, boldness and leadership were measured in the
same context and in similar ways, so they did not provide an
independent measure of a personality trait. van Oers et al. (2005b)
showed that the correlation between exploratory behaviour and
risk-taking behaviour in great tits is dependent on the personality
of a nearby companion that visibly foraged in a separate
compartment. Slow-exploring males became bolder in the pres-
ence of a companion, and this effect was larger with increasing
boldness of the companion, whereas fast-exploring males did not
change their behaviour in reaction to the presence of a companion.
These authors, however, did not investigate whether the focal
individual followed the companion. Recently, Schuett & Dall (2009)
showed in pairs of zebra finches that the time the pair spent
urs and outcomes of the leadership test

Activity Novel object Leader Arrival time

rS ¼ 0.240 rS ¼ 0.193 rS ¼ 0.256 rS ¼ �0.036
P ¼ 0.34 P ¼ 0.44 P ¼ 0.31 P ¼ 0.89
r ¼ 0.088 r ¼ 0.195 r ¼ 0.066 r ¼ 0.187
P ¼ 0.73 P ¼ 0.44 P ¼ 0.79 P ¼ 0.46
r ¼ �0.222 r ¼ 0.332 r ¼ 0.155 r ¼ �0.198
P ¼ 0.38 P ¼ 0.18 P ¼ 0.54 P ¼ 0.43
r ¼ 0.587 r ¼ 0.419 r ¼ 0.229 r ¼ �0.164
P ¼ 0.010 P ¼ 0.083 P ¼ 0.36 P ¼ 0.52

r ¼ 0.145 r ¼ 0.105 r ¼ �0.129
P ¼ 0.57 P ¼ 0.68 P ¼ 0.61

r [ 0.730 r [ L0.706
P < 0.001 P [ 0.001

r [ L0.888
P < 0.001

e average arrival time at the food patch. P values are sequential Bonferroni corrected.
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Figure 4. Individuals paired with a companion with a higher novel-object score (i.e.
bolder) arrived more often at the food patch. N ¼ 18. The line is a logit regression line.
Shown are raw means.
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Figure 2. Individuals with a higher novel-object score (i.e. bolder) led the group more
often. N ¼ 18. The line is a linear regression line. Shown are raw means.
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together at a feeder increased with increasing difference in
exploratory behaviour between both individuals, suggesting that
some characters may be better at forming stable groups.

Our study shows that movement patterns of group-living
animals can be highly affected by the personality types in the
group. It suggests that individuals may possess information about
a food location but that the ability to use this information may be
dependent on the personality types of the group members. This
effect might be bigger when the cost of leaving a group is high
(e.g. Prins 1996). Detailed experiments whereby an individual is
informed about the location of a feeding site and tested together
with the presence of different personality types might illuminate
this topic. Moreover, because our results show that bolder indi-
viduals more often take the lead, it would be interesting to study
how information provided by different personality types is treated.
One might expect that the information of bolder individuals is more
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Figure 3. Individuals with a higher novel-object score (i.e. bolder) arrived more often
at the food patch. N ¼ 18. The line is a logit regression line. Shown are raw means.
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readily used, given their ability to lead a group. In other words, the
value of an individual’s personal information in the decision of
the group on where to go next might depend on its personality. A
deeper understanding of collective action can thus be gained by
studying the differences in the behaviour of individuals (Harcourt
et al. 2009).

In conclusion we have shown that activity and boldness are
highly repeatable in the barnacle goose and the personality of an
individual is predictive for the leadership towards a food patch. The
arrival probability of an individual was strongly affected by
the personality both of itself and of its companion, suggesting that
movement patterns of the group as a whole can be affected by the
mix of personality types present in the group.
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