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Abstract

Social context has been shown to encourage, or to delay object exploration and learning. This ambiguity might be due to factors such as social
relationships and personality of the individuals involved. Here, we investigated in ravens (Corvus corax) individuals’ consistency in response to
novel objects over development and across contexts: alone versus social. In the social setting we focussed on the effects of social relationships on
social facilitation during the approach to novel objects. We tested 11 hand-raised ravens with novel objects individually at three and six months
of age and in dyadic combinations at six months of age. Individuals were consistent over development and contexts in their response to different
novel objects. Birds joined siblings faster to approach novel objects than non-siblings. They also spent more time sitting close to siblings than to
non-siblings. In male-male dyads but not in female—female dyads, subordinates approached the novel objects significantly faster than dominant
birds. In contrast, dominant males were the first to approach the novel objects in mixed-sex combinations. Hence, the effect of social context seems

to depend on the social relationships towards the companions and on the combination of the sexes.

© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

The presence of a conspecific has often been shown to
facilitate exploration and learning. The acceptance of novel
food, for example, was facilitated by the presence or action
(handling or food intake) of a conspecific in gerbils (Meri-
ones unguiculatus: Forkman, 1991), zebra finches (Taeniopy-
gia guttata: Coleman and Mellgren, 1994), capuchin monkeys
(Cebus apella: Visalberghi and Fragaszy, 1995; Visalberghi and
Addessi, 2000), rats (Rattus norvegicus: Galef, 1996; Galef and
Whiskin, 2000), keas (Nestor notabilis: Huber et al., 2001)
and house mice (Mus musculus domesticus: Valsecchi et al.,
2002). Other studies showed that observers learned better when
demonstrators were dominant (red-winged blackbirds, Agelaius
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phoeniceus: Mason and Reidinger, 1981; jackdaws, Corvus
monedula: Katzir, 1983; laying hens, Gallus gallus domesticus:
Nicol and Pope, 1994, 1999). Also, familiarity had a facilitating
effect (guppys, Poecilia reticulata: Swaney et al., 2001; zebra
finches, T. guttata: Benskin et al., 2002), particularly in the case
of parent—infant or adult—infant combinations (e.g. Fragaszy and
Visalberghi, 1996; Fritz et al., 2000; Brown et al., 2004). On the
other hand, delay and inhibition of approach/acceptance of novel
food in a social context have been observed in chum salmon,
Oncorhynchus keta (Ryer and Olla, 1991), atlantic salmon,
Salmo salar (Brown and Laland, 2001, 2002) and great tits,
Parus major (van Oers et al., 2005).

An important factor contributing to these contrasting results
may be the quality of social relationships (affiliative or not).
Affiliative relationships may increase the possibility of scroung-
ing (gaining food via others; Barnard and Sibly, 1981), for exam-
ple, begging or food sharing. Profitability of scrounging, seems
to influence whether social context facilitates or delays social
learning (Giraldeau and Lefebvre, 1987; Fritz and Kotrschal,
1999, 2002; Midford et al., 2000; Caldwell and Whiten, 2003;
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Visalberghi and Addessi, 2003). Hence, the quality of social
relationships may determine whether social context facilitates
or delays exploration.

Finally, the combination of individuals with certain
behavioural phenotypes might also modulate the effect of social
context on approach to novel food/objects. Individuals differ in
suites of correlated behavioural and physiological parameters
(“coping styles”) leading to a cross-context consistency how
they deal with challenges (Koolhaas et al., 1999; Sih et al., 2004;
Groothuis and Carere, 2005). Exploratory behaviour correlates
with aggressiveness (Verbeek et al., 1996; Drent and Marchetti,
1999), boldness (Verbeek et al., 1994), risk taking (van Oers et
al., 2004, 2005), feeding behaviour (Coleman and Wilson, 1998;
Marchetti and Drent, 2000) and the capability of coping with
social defeat (von Holst, 1998; Carere et al., 2001, 2003). Such
individual differences in behavioural phenotypes are genetically
and epigenetically heritable (Dingemanse et al., 2002; Drent
et al., 2003; Daisley et al., 2004; van Oers et al., 2004) and
may affect dispersal (Armitage, 1986; Dingemanse et al., 2003),
dominance (Gémez-Laplaza, 2002; Dingemanse and de Goede,
2004), mate choice, survival (Cavigelli and McClintock, 2003)
and reproductive success (Dingemanse et al., 2004; Both et al.,
2005).

Ravens are scavengers on ephemeral food sources, such
as carcasses, garbage dumps, etc. After becoming indepen-
dent from their parents in their first summer, they assemble
in non-breeder groups (Glutz von Blotzheim and Bauer, 1993;
Ratcliffe, 1997). Ravens are curious and highly exploratory but
when older than one month post-fledging they fear almost any-
thing new (Heinrich, 1988a, 1995; Heinrich et al., 1995; Kijne
and Kotrschal, 2002). Neophobia limits explorative behaviour
and may constrain exploitation of novel food sources, learn-
ing and innovation (Kotrschal et al., 2001; Seferta et al.,
2001; Greenberg, 2003; Reader and Laland, 2003). Conspecifics
(Marzluff and Heinrich, 1991), birds and mammals (e.g. wild
boars, Sus scrofa, crows, Corvus corone corone, Corvus corone
cornix: own observation; wolves, Canis lupus: Promberger,
1992; Bugnyar and Kotrschal, 2001; Stahler et al., 2002) may
have facilitating effects on ravens’ approach to food sources.
In addition, ravens recruit conspecifics at food bonanzas emit-
ting a specific call (Heinrich, 1988b, 1994; Heinrich and
Marzluff, 1991, 1995; Marzluff et al., 1996; Bugnyar et al.,
2001).

Here, we investigated whether individual patterns in
exploratory behaviour remain consistent over development (at
three and six months of age) and context: alone versus in
dyadic combination with a conspecific. In the latter situation,
we were interested whether the quality of social relationships
affected (joint) approach to novel objects. According to bio-
logical personality theory, we expected individual consistency
in exploratory behaviour over both, development and contexts,
such that individuals remain fast/slow in relation to the others.
We finally expected that joint approach to novel objects will co-
vary with the quality of dyadic social relationships. Hence, in
dyads showing high rates of socio-positive behaviour, individu-
als would join each other in approach and manipulation of the
novel objects.

2. Materials and methods
2.1. Animals and housing

In spring 2004, we hand-raised a group of 13 ravens (7 males
and 6 females) under standardised conditions. The birds were
habituated to close contact with people. Ravens of two nests
(containing four and three ravens, respectively) were zoo-bred,
birds of the two other nests (containing three ravens each, one
nest of three siblings, one nest with three non-siblings) were
taken from the wild with permission. We kept the birds in nests
together (see above) in an indoor aviary. Just before fledging
we transferred all the birds into one big nest in an outdoor
aviary where they remained thereafter. Once fledged, we kept
them together in one group with two previously raised adult
males (nine and four years of age). Birds were marked with
coloured leg rings for individual identification. The aviary was
divided into three sections separated by wire mesh (80, 35 and
80m?) and in addition had three experimental rooms, separated
by wooden walls and opaque doors. Aviaries contained trees,
branches, stones, tree trunks and shallow pools for bathing. The
floor was natural grass ground in the main compartments, but
gravel in the experimental rooms. Experiments were conducted
in one of the large compartments (80 m?) in physical and visual,
but not acoustical isolation from the rest of the group. Birds were
fully habituated to short separations from the group as it was a
standard procedure in previous experiments. The ravens were
fed twice a day (in the mornings and afternoons after the exper-
iments) with meat, milk products and kitchen leftovers. Water
was provided ad libitum.

2.2. Experimental set-up

We conducted novel object tests with the juveniles only, since
the pre-experience with objects was similar in all juveniles but
not in the adult birds. Altogether, we conducted three sets of
novel object tests.

2.2.1. Alone condition

We performed two series of novel object tests per bird in the
alone condition. The first series of four tests was carried out from
mid-June (with the birds being three months of age, approx-
imately seven weeks post-fledging) until the end of July. The
second series of four novel object tests was performed from the
beginning of September, when the young ravens were six months
old, to the beginning of November. If raised by their parents, the
juveniles would still have been dependent on them during our
first test series, but independent during the second series.

2.2.2. Dyadic condition

The tests were conducted at the same time as the second series
of novel object tasks in the alone condition. Tests were alternated
between the alone and the dyadic condition.

2.2.3.
Since participation in experiments was voluntary, the number
of days between the tests varied individually (alone condition
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firstseries: X & S.D. = 9 + 3; alone condition second series and
dyadic condition: X &= S.D. = 4 4= 0.33). The number of tested
individuals varied between conditions. Of the 13 hand-raised
ravens, 12 individuals were tested in the alone condition. One
juvenile female was excluded from all experiments since she was
ill during the nestling period and showed retarded development.
She was kept together with a juvenile male in a separate aviary.
Hence, we performed the dyadic tests with only 11 birds. We
combined each of 11 juveniles with every other bird resulting
in 55 dyadic combinations. Testing order was semi-randomised:
the first two ravens entering the test compartment were used as
subjects unless they had been tested together before.

In either condition, alone and dyadic, once the bird(s) to be
tested were separated, the experimenter (M.S.) put the novel
object(s) in place and observed the behaviour of the subject(s)
for 20 min. The novel objects were positioned in the centre of
the aviary compartment to allow the birds to approach the novel
objects from all sides. Due to structures in the aviary (stones,
tree trunks), the central part of the aviary compartment was not
fully visible from outside the aviary. Hence, in all conditions
M.S. took the data from one position inside the aviary. All birds
were well habituated to people, including the experimenter, col-
lecting data inside the aviary, as this was a standard procedure of
data collection since the birds fledged. Thus, it is unlikely that
the experimenters’ presence in the aviary did affect the ravens’
approach to the novel objects.

In total, we offered 8 different objects in the alone condi-
tion (4 in each series) and 15 in the pair condition (bottles,
boxes, soft toys, gloves, shoes, cups, etc., in a size range of
25-45 cm lengths). We tested all individuals with the same novel
objects, but each object was presented only once per bird and the
sequence was the same for all birds. Each bird was tested only
once per day. In the dyadic tests, we offered two equal novel
objects (1.5 m apart from each other) to match the number of
novel objects with the number of birds in the test. Pilot experi-
ments with other ravens showed that 20 min are appropriate to
observe exploratory behaviour and social interactions. The latter
occur mainly after ravens lose their initial interest in the novel
objects. In fact, birds showed socio-positive behaviours mainly
after approach and exploration of the novel objects: approach
frequency peaked in the first minute of the trials, whereas the
peaked in minute 19 or in the 19th minute. The ravens spent sig-
nificantly more time sitting close to each other from minute 11
to 20 of the trials than from minute 1 to 10 (Wilcoxon: n=11,
7=-2.40, P=0.016). Agonistic interactions were rare during
the tests (55 threats in 55 trials, most of them occurring during
the first 4 min).

2.3. Data collection

For each individual, we measured approach latency (in sec-
onds, distance to the novel object <1 m), approach frequency and
time spent close (<1 m) to the novel object (in seconds) as well
as the duration of novel object manipulation (in seconds). In the
dyadic condition we also noted agonistic interactions: the num-
ber of threats and retreats. The duration (in seconds) of sitting

in proximity (distance between the birds <0.5 m) was recorded
as socio-positive interaction. We defined as joint approach
when one individual followed the other approaching a novel
object (distance between the birds < approximately one body
length).

We used the duration that two birds sat close to each other
during the 20 min test period to define the quality of their social
relationship. The obtained classification correlated with the one
from daily observations that were conducted in parallel to the
experiments. The correlation coefficient was rather low, how-
ever (Spearman rank correlation: rg=0.51, N=55, P<0.001; N
is the number of dyadic combinations), which is probably due to
the higher number of potential partners when the whole group
is together. Since agonistic interactions hardly ever occurred
during the novel object tests, we calculated dominance rank on
the basis of approach-retreat interactions observed during daily
protocols. The data were collected by C. Schloegl and M.-C.
Loretto (inter-observer reliability test: Cohen’s kappa: 0.81).
The probability that the observed linearity (k' =0.79) resulted
from a random process was P <0.001 (MatMan, 1998). All but
one male outranked all females.

2.4. Analysis

For comparison between alone and dyadic condition, we
only used data of the second series of novel objects tests, in
order to compare birds of the same developmental period. Since
individuals not always approached or manipulated the novel
objects during the 20 min test period, we calculated latency-
scores instead of using exact latency times. This way we avoided
cutting the distribution of latency times at the upper end (by
accepting 20 min in case the individuals did not approach the
novel objects). The number of trials with approach was divided
by the sum of latencies of all trials (=sum of latency times
when the birds approached plus 20 min for each trial the birds
did not approach; Theobald and Goupillot, 1990). However,
calculating latency scores was not feasible when comparing
sibling and non-sibling combinations, because the number of
siblings differed between individuals and therefore the number
of trials with potential approach to the novel objects (which
is used as a correction factor, see above) was not the same
for all individuals. Instead, we calculated mean latencies when
comparing sibling with non-sibling combinations. Whenever
birds did not approach the novel object, we scored 20 min as
latency. Since males were higher ranking than the females we
statistically controlled for the effect of sex, when analysing
effects of rank. Data were analysed using the software pack-
age SPSS (Version 9.0.1, 1999), MatMan (Noldus, Version 1.0,
1998) or calculated by hand according to Lamprecht (1999,
Chi-square test) and Siegel and Castellan (1988). Only non-
parametric tests were used. Test results are given two-tailed.
0.1>alpha>0.05 we considered as trends. Because the useful-
ness of alpha corrections in case of a low sample size seems
questionable (Nakagawa, 2004), we present the original P-
values. We mention the maximum P-value possible in each case
to still reach a significance level of alpha < 0.05 after Bonferroni
correction.



+ Model

4 M. Stowe et al. / Behavioural Processes xxx (2006) xxx—xxx

3. Results

3.1. Alone condition: consistency in approach and
exploratory behaviour over development

Individuals’ latency scores to approach novel objects in the
first series correlated with the latency scores in the second series
(Spearman rank correlation: r;=0.65, N=12, P=0.023), as did
the duration of object manipulation (Spearman rank correlation:
rs=0.75, N=12, P=0.005), showing that individual responses
remained consistent over the two test series. The duration birds
stayed close to the novel objects tended to correlate between test
series (Spearman rank correlation: r;=0.51, N=12, P =0.089).

Still, we observed some age effect: at six months of age
(series 2), ravens spent significantly more time close to the
novel objects (Wilcoxon signed-ranks test: T5=77, N=12,
P=0.001; Fig. 1) than at three months of age (series 1). How-
ever, there was no difference in the duration of object manipu-
lation (Wilcoxon signed-ranks test: 7" =42, N=12, P=0.85)
between the two test series. Birds spent a similar amount
of time close to the different novel objects at three months
of age (series 1, Friedman test: x2: 1.99, d.f.=3, P=0.57),
whereas at six months of age (series 2), they showed a dis-
tinct serial effect, spending significantly more time close to
the first object as compared to the following three (Friedman
test: X2 =11.97, d.f. =3, P=0.007; Wilcoxon signed-ranks test
post hoc—N =12, object 1-2: Z=—2.40, P=0.017, object 1-3:
Z=-2.05, P=0.041, object 1-4: Z=—-2.85, P=0.004, object
2-3: Z=-0.22, P=0.83, object 2-4: Z=-2.67, P=0.008,
object 3-4: Z=—-0.80, P=0.42; P<0.008 remain significant
after Bonferroni correction, P <0.05; Fig. 1).
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Fig. 1. Time (seconds) spent close (within 1 m) to the novel objects when tested
at three and six months of age in the alone condition. N: number of birds tested.
Box plots show the median and the interquartile range from the 25th to the 75th
percentile. Whiskers indicate the 10th and the 90th percentiles. Circles visualise
out-layers. Asterisks mark results of Wilcoxon signed-ranks test (“**P <0.001),
Friedman test and Wilcoxon signed-ranks test, post hoc tests Bonferroni cor-
rected of between object test differences ("P<0.05).

There were significant differences between individuals in the
amount of time they spent close to and were manipulating novel
objects at six months of age (Kruskal-Wallis test: time spent
close to novel objects: X%l = 27.51, P=0.004; duration of object
manipulation: x3, = 26.90, P=0.005) but not at three months
of age (Kruskal-Wallis test: time spent close to novel objects:
x3; = 16.17, P=0.13, duration of object manipulation: x}, =
10.55, P=0.44).

We did not observe differences between the sexes
(Mann—Whitney U-test—N =12, latency to approach: series
1, Z=-1.38, P=0.17; series 2, Z=-—0.49, P=0.63; time
spent close to novel objects: series 1, Z=—1.14, P=0.25;
series 2, Z=—0.57, P=0.57; duration of novel object manip-
ulation: series 1, Z=—1.46, P=0.25; series 2, Z=-0.57,
P=0.57), nor did rank correlate with approach behaviour
(series 2, N=12, latency to approach: partial correlation coeffi-
cient=0.21, d.f. =8, P=0.57; time spent close: partial correla-
tion coefficient=0.24, d.f. =8, P=0.51).

3.2. Effects of social context: comparison between the
alone condition and the dyadic condition

Individuals generally approached the novel objects faster
when tested alone than when with a conspecific (Wilcoxon
signed-ranks test: T"=64, N=11, P=0.003). The approach
latency and the time birds spent close to the novel objects
was positively correlated between conditions, alone and in
dyads, indicating that individuals remained consistent in their
approach behaviour over contexts (Spearman rank correlation:
N=11, latency to approach: r;=0.63, P=0.040; time spent
close: r¢=0.66, P=0.026). Individuals differed in the time they
spent close to the different novel objects. In the first two tri-
als they spent less time close to the novel objects than in
the following eight trials (Friedman test: x> =17.84, d.f.=9,
P=0.037; Wilcoxon signed-ranks test, post hoc, for between
object comparison, no significant differences after Bonferroni
correction).

3.3. Effects of social relationships

In sibling dyads, ravens spent significantly more time sitting
close (<50 cm) to each other than in non-sibling combinations
(Wilcoxon signed-ranks test: 75 =51, N=10, P=0.014). Indi-
viduals’ mean approach latency in the alone condition did not
significantly differ from the latency when tested in sibling dyads
(Wilcoxon signed-ranks test: T+ =33, N=10, P=0.62). When
in non-sibling dyads, birds tended to approach the novel objects
later than when alone (Wilcoxon signed-ranks test: Tt =55,
N=11, P=0.052). Moreover, ravens followed a sibling sig-
nificantly faster during the first approach than a non-sibling
(Wilcoxon signed-ranks test: 75=36, N=8, P=0.008, N=8
because two birds were always first to approach when with
a sibling), but did not spend more time close to (Wilcoxon
signed-ranks test: Tt=35, N=10, P=0.49) or manipulating
(Wilcoxon signed-ranks test: T+ =42, N= 10, P =0.16) the novel
objects.
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3.4. Differences between the sexes

Despite the lack of differences between the sexes in approach
behaviour when tested alone, males approached the novel
objects significantly faster than females in the dyadic condi-
tion (Mann—Whitney U-test: Wy=16, Wy =45, Nifemales =3,
Nomales =6, P=0.004). Males tended to spend more time
close to the novel objects (Mann—Whitney U-test: W, =22,
Wy =44, N1 females =5, N2 males =6, P=0.089) and manipulated
them significantly longer (Mann—Whitney U-test: W,=19,
Wy =47, Nifemales =3, N2males =6, P=0.026) as compared to
the females. In addition, males joined their conspecifics sig-
nificantly more often to approach novel objects than females
did (Mann—Whitney U-test: Wy =21.5, W, =44.5, N1 females =3,
N> mates =6, P=0.044).

Concerning the very first approach to novel objects per
dyad, in male-male combinations, subordinate individuals were
more often first to stay close to the novel objects than dom-
inants (Chi-square test: X%4 = 6.93, P<0.01). In contrast, in
male—female combinations, males approached the novel objects
significantly more often first than females (Chi-square test:
x%9 = 12.17, P<0.001). All, but one male were dominant over
the females. There was no difference in female—female com-
binations in how often dominant or subordinate individuals
approached the novel objects first (Chi-square test: X% = 0.44,
P>0.5, in one dyad none of the females approached the novel
objects; Fig. 2). Both, males and females approached the novel
objects for the first time later in mixed-sex combinations than
in same-sex combinations (mean approach latency: males in
male-male dyads versus male—female dyads, Wilcoxon signed-
ranks test: Tt =21, N=6, P=0.03; females in female—female
dyads versus male—female dyads, Wilcoxon signed-ranks test:
T"=15, N=5, P=0.062). There was no difference between
same-sex and mixed-sex combinations in time spent close
to the novel objects (mean duration: males in male—male
dyads versus male—female dyads, Wilcoxon signed-ranks test:
Tt =18, N=6, P=0.16; females in female-female dyads ver-
sus male—female dyads, Wilcoxon signed-ranks test: Tt =11,
N=5, P=0.43) nor in the time the birds spent sitting in prox-
imity to one another (mean duration: males in male-male
dyads versus male—female dyads, Wilcoxon signed-ranks test:
T =18, N=6, P=0.16; females in female—female dyads versus

1001 | T2 W dominant
80 — aes O subordinate

60 -

40 | I

20 A females ’_‘
.. ™

male-male dyads  male-female dyads female-female dyads

First approach to novel
objects, % of trials

Fig. 2. Percentage of trials dominants or subordinates were the first ones to
approach the novel objects. We distinguished between male-male (N=15),
male—female (N =30) and female—female (N = 10) dyads. Asterisks mark results
of Chi-square tests between number of first approaches by dominants and sub-
ordinates (P <0.001 and **P<0.01). Black bars indicate the approaches of
dominants and white bars indicate the approaches of subordinates.

male—female dyads, Wilcoxon signed-ranks test: 7" = 14, N=5,
P=0.12).

4. Discussion

In accordance with biological personality theory (Wilson
et al., 1994; Koolhaas et al., 1999) we found that individuals
showed consistency in exploratory behaviour over the consid-
ered developmental period and across contexts. In respect to
approaching novel objects individuals remained fast or slow in
relation to the others, rather than being always equally fast or
slow. Contrary to great tits (Carere et al., 2005), all ravens were
faster with six months of age than with three months of age, not
only the initially slow individuals as it was the case in the great
tits.

Birds, at six month of age spent significantly more time close
to the first novel object in the alone condition, than to the subse-
quent three novel objects (Fig. 1). This serial effect could have
been due to object features, such that the first novel object was
somehow more attractive for the ravens (object order was the
same for all birds) than the following three. The ravens could
also have lost interest due to the repetition, even though objects
were always new. Menzel and Menzel (1979) showed habitu-
ation to novelty (repeated presentation of novel objects in the
aviary) in marmosets, Saguinus fuscicollis. Ravens quickly stop
participating in experiments when tests are repeated frequently
(own observation). In the dyadic condition serial effects may
have been less pronounced and overshadowed by effects related
to the dyad composition, which differed between the tests.

Individuals approached the novel objects faster when tested
alone compared to when with a conspecific. This may have been
due to socially influenced neophobia being a contagion of fear
rather than a contagion of fearlessness. Also, in the dyadic con-
dition one bird could have waited for the other one to take the
potential risk to approach first. Hence, not only the individu-
als’ neophobia per se, but also the birds’ willingness to take the
risk of the first approach may have affected their behaviour. In
fact, dominant males approached the novel objects first when
in a dyad with a female, but not when with a male. Despite a
delayed initial approach, social context had facilitating effects
on novel object exploration: birds spent more time close to and
manipulating the novel objects when tested in dyads or as a
group (Stowe et al., in press) compared to when alone.

The companion with whom the birds were tested might
notably have affected their behaviour. It has been shown, for
example, that observing more experienced, dominant and attrac-
tive models may facilitate learning on the side of observers
(Nicol and Pope, 1994; Benskin et al., 2002; but see Beauchamp
and Kacelnik, 1991; Swaney et al., 2001). In the ravens, we
observed pronounced differences between sibling and non-
sibling dyads. Only when in a dyad with a non-sibling, the initial
approach to novel objects tended to be delayed compared to the
alone condition. Once the ravens approached the novel objects,
they spent more time close to and manipulating the novel objects
in the dyadic condition than in the alone condition, no matter if
they were with a sibling or with a non-sibling. Comparing sibling
to non-sibling dyads, birds followed siblings faster to approach
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the novel objects than non-siblings. In addition, siblings spent
more time sitting close to each other than non-siblings. In species
living in social groups, kin often spend more time close together,
tolerate smaller inter-individual distances and are more prone to
share food than non-kin (e.g. Hohmann et al., 1999; Brown et al.,
2004). This increases the possibility and probability of socially
facilitated behaviours and social learning (e.g. Heyes and Galef,
1996; Fritz et al., 2000; Fragaszy and Visalberghi, 2004). In
our experiments, the possibility to initially approach the novel
objects was not limited due to one bird monopolising the access
to the novel objects, since the distance between the objects was
too big. Thus, the conditions to approach and explore the novel
objects were equal for sibling and non-sibling combinations.

At the time we conducted the dyadic tests, young free-
ranging ravens would have joined non-breeder groups after
becoming independent from their parents. Scavenging ravens
frequently encounter novel situations and novel food sources
(Heinrich, 1988b). For young and inexperienced birds any facil-
itation while searching for food is potentially advantageous. In
fact, Webb (2001) observed, that free-ranging juvenile ravens
spent significantly more time close to their siblings than to non-
siblings. Even if being close to another relatively inexperienced
conspecific may be less advantageous than being close to an
experienced bird, it might still facilitate the approach to novel
objects/potential food sources and thus increase exploration.

Greenberg and Mettke-Hofmann (2001) hypothesised that if
pay-offs are asymmetrical and the rank hierarchy is linear, sub-
ordinates should take the risk to approach novel objects first.
This, in fact has been observed in several studies (e.g. Katzir,
1982; Gémez-Laplaza, 2002). In our experiments, this was only
true for the male—male combinations but not for female—female
dyads. Most interestingly, in female—male combinations, males
were significantly more often the first ones to approach the novel
objects, even though in all but one case, males were higher rank-
ing than females. Thus, the sex of the conspecific had a major
influence on whether the dominant or the subordinate was first
to approach the novel objects. In addition, males joined their
conspecifics significantly more often to approach novel objects
and manipulated the objects significantly longer in the dyadic
condition than females did. These differences between the sexes
in latency to approach and exploratory behaviour when tested in
dyads support the idea that males used the opportunity to show
off. Also, in non-breeder groups of free-ranging ravens males
seem to be more prone to take risks. In wild ravens co-feeding
with wolves at the local Cumberland game park, more young
males were killed by the wolves than females (of 12 killed ravens
9 were male and only 3 were females; Bugnyar and Kotrschal,
unpublished).

In great tits, females showed longer latencies to return to a
feeding table after a startle when tested in a social context than
males (van Oers et al., 2005). In our study, individuals of both
sexes were similarly affected by the presence of a conspecific. In
the great tits, focal animals were combined with unfamiliar adult
males that might have affected females differently than males. In
fact, in the ravens, both sexes approached the novel objects sig-
nificantly later when tested in mixed-sex dyads as compared to
when in same-sex dyads, even though birds were the same age

and were familiar with each other. Hence, in mixed-sex com-
binations, factors such as showing off, attraction and affiliation
influenced the behaviour of the birds. We did not observe any dif-
ference in socio-positive behaviours (duration of sitting in close
proximity), between same-sex and mixed-sex dyads during the
tests. This might be due to the fact that the ravens were not
sexually mature when tested and showed high rates of socio-
positive behaviours towards both, same-sex and opposite-sex
conspecifics.

To conclude, individuals remained consistent in their
exploratory behaviour over the developmental period observed.
Whether social context had facilitating or delaying effects
depended on the relatedness/social relationship among the com-
panions and the combination of the sexes. Contributions of
these factors may explain ambiguous results concerning facil-
itating or inhibitory effects due to social context in previous
studies.
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