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Introduction

Barnett (1963) emphasized that a ‘new object reac-

tion’ is temporary and elicited by a change in an

otherwise familiar situation, while Greenberg &

Mettke-Hoffmann (2001) considered similar beha-

viour as neophobia and defined it as ‘the avoidance

of an object or other aspect of the environment

solely because it has never been experienced and is

dissimilar from what has been experienced in the

individual’s past’. Both definitions also include

avoidance responses towards familiar objects at a dif-

ferent place. While neophobia may reduce exposure

to danger, it can also limit explorative behaviour

and constrain exploitation of novel food sources,

learning and innovation (Seferta et al. 2001; Green-

berg 2003; Reader & Laland 2003). Interspecific dif-

ferences in neophobia depend on ecology and social

organization (Fragaszy & Mason 1978; Greenberg

1983, 1990, 1992; Mettke-Hofmann et al. 2002; Day

et al. 2003). On an individual level, the response to

novel objects is also modulated by life-history stage

(Heinrich 1995; Winkler & Leisler 1999) and social

status (Katzir 1982, 1983; Stahl et al. 2001; Gómez-

Laplaza 2002). In addition, individuals differ in suites

of correlated behavioural and physiological parame-

ters (‘coping styles’) leading to a cross-context con-

sistency in how they deal with challenges (Koolhaas

et al. 1999, review by Sih et al. 2004; Groothuis &

Carere 2005).

One benefit of living in social groups is the poten-

tial advantage of learning when, how and what to

feed (e.g. Galef & Giraldeau 2001), particularly when

dealing with novel food (Galef 1993). The acceptance

of novel food may be facilitated by observing conspe-

cifics handling/eating it, as demonstrated in gerbils,

Meriones unguiculatus (Forkman 1991), capuchin

monkeys, Cebus apella (reviewed in Visalberghi &
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Abstract

Neophobia may constrain explorative behaviour, learning and innova-

tion, while social context may facilitate approach to novel objects and

acceptance of novel food. We examined the effects of neophobia on the

exploration of novel objects in relation to social context in ravens

(Corvus corax). Ravens are suitable subjects for studying effects of social

context, as they are highly neophobic scavengers that recruit conspecif-

ics to food. We tested two groups of six and 11 hand-raised birds in

three conditions: single-bird, in dyadic combinations and sibling sub-

groups of three to six birds. Contrary to expectation, individuals of both

groups were quicker to approach novel objects when tested alone than

when tested with conspecifics. However, they spent more time close to

and manipulating the novel objects in the social conditions (dyadic and

group) than when being alone. We discuss the possibility that the

higher latencies of dyads and groups to approach novel objects may

reflect a ‘negotiation’ process in a ‘war of attrition’ between the individ-

uals over risk-taking.
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Addessi 2003), red-winged blackbirds, Angelaius phoe-

niceus (Mason & Reidinger 1981), zebra finches, Tae-

niopygia guttata (Coleman & Mellgren 1994; Benskin

et al. 2002, novel feeders), budgerigars, Melopsittacus

undulates (Soma & Hasegawa 2004) and Norway rats,

Rattus norvegicus (Galef 1996). Social environment

may also facilitate the approach to novel food/objects

because individuals may be less stressed when tested

in groups rather than when alone (Greenberg 1990;

Marzluff & Heinrich 1991; Cadieu et al. 1995). Thus,

proximally, social context may abbreviate approach

latencies by lowering fear. On the ultimate level it

may reduce risk by the dilution effect (Krause &

Ruxton 2002). However, delay or even inhibition of

approach/acceptance of novel food in a social con-

text have also been observed (fish: Ryer & Olla 1991;

Brown & Laland 2001, 2002, great tits: Oers van

et al. 2005). Whether social environment speeds up

or delays the use of novel food sources may depend

on social dynamics (e.g. Chalmeau & Gallo 1993; Ni-

col & Pope 1994, 1999; Coussi-Korbell & Fragaszy

1995), age (e.g. Sasvári 1985) and on the profitabil-

ity of scrounging (Barnard & Sibly 1981; Giraldeau &

Lefevbre 1986, 1987; Fragaszy & Visalberghi 1989;

Beauchamp & Kacelnik 1991; Fritz & Kotrschal

1999; Midford et al. 2000).

Ravens are scavengers that become highly neo-

phobic when older than 1 mo post-fledging (Hein-

rich 1995; Heinrich et al. 1995; Kotrschal et al.

2001; Kijne & Kotrschal 2002). Their neophobia

may have evolved in their coexistence with preda-

tors and potentially dangerous competitors such as

wolves, Canis lupus, and in response to hundreds of

years of human persecution. When independent

from their parents, ravens assemble in non-breeder

groups until pair formation at 3–4 yr of age (Glutz

von Boltzheim & Bauer 1993; Ratcliffe 1997). Con-

specifics, other birds and mammals (e.g. carrion

crows, Corvus corone, wild boars, Sus scrofa, pers. obs.,

M.S.) and even potentially dangerous competitors

(e.g. wolves, which potentially provide food for

ravens, Promberger 1992; Bugnyar & Kotrschal

2001; Stahler et al. 2002) were observed to facilitate

ravens’ approaches to food sources. In addition,

ravens recruit conspecifics at food bonanzas with a

specific call (Heinrich 1988b, 1994; Heinrich & Mar-

zluff 1995; Marzluff et al. 1996; Bugnyar et al.

2001), especially when predation risk is high (Bugn-

yar & Kotrschal 2001). Thus, it has been suggested

that social foraging reduces neophobia in ravens

(Marzluff & Heinrich 1991).

We tested the effects of group size on approach to

and manipulation of novel objects in ravens. We

observed two groups of ravens in three conditions:

single-bird, dyads and sibling sub-groups of 3–6

birds. As ravens actively recruit conspecifics and

social context often facilitates approach to novel

objects, we predicted ravens to be slowest in

approach when alone and fastest when tested in

groups. Because of effects of social facilitation, we

also expected the birds to manipulate the novel

objects longer in the group than in the single-bird

and dyadic conditions.

Methods

Animals and Housing

In spring 2002, we hand-raised a group of six ravens

(four males, two females) at the University of Ver-

mont (UVM), Burlington, USA. The birds were taken

from the wild (see Acknowledgements for permits)

and were raised in a single nest. Once fledged, we

kept them in a social group together with one adult

male (4 yr of age) in order to contribute to appropri-

ate socialization of the juveniles. Free-ranging juve-

niles join groups of non-breeders consisting of birds

of various age classes, when independent from their

parents. The aviary was situated in a wood close to

Burlington. It was divided into three sections that

were separated by wire mesh and doors (30, 100,

64 m2, Bugnyar et al. 2004) and contained trees,

branches, sticks, stones, a shallow pool for bathing,

natural shadow, wooden breeding niches and had

natural ground cover.

In spring 2004, we hand-raised another group of

13 ravens (seven males, six females) at the Konrad

Lorenz Research Station (KLF), Upper Austria. These

ravens were raised in four nests, positioned in a dis-

tance of approx 1 m from each other in an indoor

aviary. The birds of two nests (containing four and

three ravens) were zoo-bred, while the birds of the

two other nests (containing three ravens each, one

nest of three siblings, one nest with birds originating

from three different nests) were taken from the wild

(see Acknowledgements for permits). Just before

fledging we transferred all the birds to one nest in

an outdoor aviary at the Cumberland Game Park,

Grünau, Upper Austria, where they remained there-

after. Once fledged, we kept them in one group with

two adult males (9 and 4 yr of age). The aviary was

divided into three sections separated by wire mesh

(80, 35, 80 m2) and had experimental rooms, separ-

ated by wooden walls and opaque doors. The aviary

was structured with trees, branches, stones, tree

trunks and shallow pools for bathing. The floor had
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natural grass ground cover and gravel cover in the

experimental rooms.

Birds of both years were marked with coloured leg

rings for individual identification. Except for the

experiments, they had access to all compartments of

the aviary. Birds were fully habituated to short sepa-

rations from the group, which was a standard proce-

dure in previous experiments. The ravens were fed

twice per day (morning and afternoon after the

experiments) with meat, milk products and kitchen

scraps. Water was provided ad libitum. After this ser-

ies of experiments birds remained in the aviaries for

further studies.

Experimental Set-Up: UVM Ravens

Experiments were performed from September, when

the young ravens where 6 mo old, to the end of

November 2002. In total, we offered 126 different

objects (bottles, boxes, bags, cans, candles, 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. In all tests,

birds could watch the experimenter (M.S.) putting

the objects in place. We tested the juveniles only.

We conducted novel object tests in three condi-

tions: with a single bird, in dyads and in the entire

group. The conditions of birds alone and dyadic

combinations were also part of other studies (on

individual differences in object exploration and on

social learning/scrounging, respectively) and thus

followed slightly different protocols (see below).

Subjects were tested in the middle section (100 m2)

of the aviary in physical, but not visual and acousti-

cal isolation from the rest of the group. Tests were

performed on a daily basis with the conditions being

semi-randomised. Each bird took part in only one

trial per day. Birds participated voluntarily. Each of

the six birds was tested six times alone and in the

entire group. We matched the number of novel

objects with the number of birds in the test. In the

group condition, objects were arranged in a line

approx. 1 m apart in the middle of the test compart-

ment. We did not distribute the novel objects all

over the test compartment to give the birds the

opportunity to keep a large initial distance to the

novel objects. Previous experiments showed that

birds easily become distressed if the opportunity to

keep distance to novel objects is not provided.

In the dyadic condition, each bird was tested once

with every other juvenile of the group (n ¼ 5 differ-

ent combinations per bird). Here, we presented two

identical sets of novel objects in a distance of 12 m

to one another, with two different novel objects per

set, spaced 1 m apart. We offered two sets to prevent

the dominant individuals from monopolising the

access to the novel objects for subordinates. For rea-

sons not related to this experiment, we used two sets

of objects per trial, with each set consisting of two

different novel objects, instead of only two identical

novel objects. In a pilot study we found that two

objects per set instead of one had no significant

effect on approach behaviour. For data collection

and analysis each set of objects was treated as one.

Tests with a single bird were terminated after 6 min,

whereas tests in the group and in dyadic combina-

tions lasted for 20 min We accounted for this time

difference by restricting the comparison between all

three conditions to the first 6 min of the trials.

When comparing the dyadic condition to the group

condition we included the data of the entire 20 min

In all conditions recordings were done directly by

the experimenter (M.S.), standing next to the aviary.

In the group condition an additional observer (T.B.)

who was equally familiar with the birds helped with

data collection.

Experimental Set-Up: KLF Ravens

We replicated the novel object tests with the KLF

ravens, from beginning of September to the begin-

ning of November 2004. As with the Vermont

ravens, our subjects were 6 mo of age when we star-

ted the experiments. In total, we offered 4 different

objects in the single-bird condition, 15 in the dyadic

condition, 4 in the sibling sub-group condition and 4

when testing the entire group with one novel object

at a time. Tests were performed with some methodo-

logical differences compared to the tests conducted

at UVM.

Subjects were tested in one of the large outdoor-

sections (80 m2) in visual and physical but not

acoustical isolation from conspecifics. We performed

novel object tests in four different conditions: with a

single bird, in dyads, in sibling sub-groups (two

groups of three and one consisting of four siblings)

and in the entire group. In all conditions trials lasted

for 20 min. In the single-bird and group conditions

we conducted four novel object tests each. In dyadic

combinations we combined each bird with every

other juvenile of the group resulting in 55 dyads (10

tests per bird).

We matched the number of novel objects to the

number of birds in the test in order to minimize

competition over access to novel objects. Thus we

used two equal novel objects in the dyadic condition
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and three or four in the sub-group condition

(depending on sibling group size). One juvenile

female was excluded from all experiments since she

was ill during the nestling period and showed retar-

ded development. She was kept together with a

juvenile male of the same nest in a separate aviary.

Hence, we performed the dyadic tests with 11 birds.

10 of these 11 ravens had siblings that were kept in

the same aviary. Thus, we conducted the novel

object tests in sibling sub-groups with 10 birds.

When comparing between conditions, we excluded

the data of the raven which was not tested in sibling

sub-groups.

To test for effects of the number of novel objects

presented, we additionally conducted four novel

object tests with the entire group (n ¼ 11 birds),

offering only one novel object at a time. In this con-

dition we only measured approach latencies of every

individual. We compared the approach latencies to

the novel objects between sibling sub-groups and

the entire group. Birds approached the novel objects

significantly faster in the sibling sub-groups with

several equal novel objects offered than when tested

in the entire group with one novel object only

(Wilcoxon, n ¼ 10, z ¼ )2.70, p ¼ 0.007).

Due to stones and tree trunks in the aviary, the

central part of the compartment was not fully visible

from outside the aviary. Hence, in all conditions data

were taken by M.S. from one position inside the avi-

ary. Birds were habituated to observers collecting

data from this specific position.

Behavioural Recordings

For both groups of birds we recorded the following

behaviours: (a) approach latency (in s, distance to

the novel object <1 m); (b) approach frequency; (c)

time spent close (<1 m) to the novel object (in s);

(d) duration of novel object manipulation (¼novel

object exploration, in s); (e) number of ‘jumping

jacks’ (sensu Heinrich 1988a), i.e. when an individ-

ual jumped back with a wing flap, while approach-

ing a novel object; (f) number of threat-retreat

interactions, which are agonistic interactions; (g)

duration birds spent sitting close to each other (dis-

tance <50 cm), which we took as an indicator for

socio-positive relationships.

Analysis

We calculated means per individual over trials. In

the UVM ravens, we used data of the first 6 min per

trial, to match different observation times when

comparing between the single-bird condition and

those with conspecifics (dyads, group). Since individ-

uals did not always approach or manipulate the

novel objects during the test period, we calculated

latency-scores instead of using exact latency times.

Thereby we avoided cutting the distribution of

latency times at the upper end (by accepting 6 min:

for data of UVM ravens, or 20 min: for data of KLF

ravens, in case the individuals did not approach the

novel objects). Scores were calculated by dividing

the number of trials with approach by the sum of la-

tencies of all trials [¼sum of latency times when the

birds approached plus 6 min (UVM ravens) or

20 min (KLF ravens) for each trial the birds did not

approach, Theobald & Goupillot 1990].

Data were analysed using the software package

SPSS 9.0.1 (SPSS 1999) and by hand according to

Siegel & Castellan (1988, Friedman two-way analysis

of variance by ranks, when with a posthoc test for

multiple comparisons). All test results are two-tailed.

Results are reported as trends if 0.05 < p < 0.1.

Ravens of the UVM group rarely manipulated the

novel objects. Therefore we only present data of the

time the birds spent close to the novel objects. In

the KLF group time spent close to the novel objects

correlated with duration of novel object manipula-

tion in each condition (Spearman rank-order corre-

lation: single-bird: n ¼ 11, rs ¼ 0.94, p < 0.001,

dyads: n ¼ 11, rs ¼ 0.82., p ¼ 0.002, group: n ¼ 10,

rs ¼ 0.99, p < 0.001). We present data of time spent

close to novel objects to allow comparisons between

UVM and KLF data sets.

Results

Ravens of both groups showed similar patterns in

approach and exploratory behaviour in the three

conditions: single-bird, dyads and group. Birds

approached the novel objects faster when alone than

when with conspecifics (Fig. 1a), but spent less time

close to the novel objects when alone (Fig. 1b). We

summarize the results of between condition compar-

isons for each group (UVM and KLF ravens) in

Table 1.

In both groups individual variation in response to

the novel objects was high within conditions. We

present results of Friedman two-way analysis of vari-

ance by ranks of between individual differences in

each group in Table 2. However, individuals of both

groups tended to show some consistency over the

different test conditions in their approach behaviour

to novel objects. Results of Spearman rank-order

correlations are presented in Table 3.
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Agonistic interactions were rare in both groups

(number of threats, UVM ravens in dyads: �X ¼
1.47 � 1.96, all after the first 3 min; in groups: �X ¼
0.33 � 0.52 occurring after the first 6 min; KLF

ravens in dyads: �X ¼ 1 � 1.5, all after the first

3 min; in groups: �X ¼ 1 � 1.4, all after the first

3 min). Birds showed socio-positive behaviours

mainly after approaching the novel objects. In the

UVM ravens the approach frequency peaked in min

2, whereas the duration of sitting close to each other

peaked in min 6 and remained higher thereafter

than during the first 5 min of the trials (Fig. 2a).

The KLF ravens approached the novel objects most

often during the first minute of the trials, whereas

the duration of sitting close to each other peaked in

min 19 (Fig. 2b). In the second half of the 20-min

trials, KLF ravens (Wilcoxon test: n ¼ 11, z ¼ )2.40,

p ¼ 0.016) spent significantly more time sitting close

to each other than in the first half, while this was

not the case in UVM ravens (Wilcoxon test: n ¼ 6,

z ¼ )0.94, p ¼ 0.34).

Discussion

Ravens actively recruit conspecifics at ephemeral

food sources (Heinrich 1988b, 1994; Heinrich &

Marzluff 1991) and are attracted to feeding sites by

the presence of conspecifics (Heinrich et al. 1993)

and heterospecifics (Stahler et al. 2002). Therefore,

we expected the birds to explore novel objects more

readily when in dyads or in groups than when being

alone. However, ravens of the KLF group

approached the novel objects faster in the single-bird

condition than when tested with conspecifics. The

differences between conditions did not reach signifi-

cance level in the UVM group. Test trials of the

UVM ravens lasted for only 6 min in the single-bird

condition and individuals did not always approach,

which might account for less pronounced differences

between conditions. Whenever UVM ravens did

approach novel objects, they did so faster when

tested alone.

A delayed approach when with conspecifics would

have been expected, if in a social context the ravens

interacted with each other and were thereby distrac-

ted from exploring the novel objects. However, both

socio-positive and agonistic interactions started only

after the peak in approach frequency, which renders

this explanation unlikely.

We suggest instead that the delayed approach to

the novel objects could be due to a ‘negotiation pro-

cess’ over risk taking with one bird waiting for the

other to take the lead. Upon introduction of the

novel objects, the birds interrupted all normal activ-

ities such as handling familiar objects and social

interactions until one bird initiated approaching the

novel objects. This might to some extent be a ‘war

of attrition’ (e.g. Maynard Smith 1974; Hammerstein

& Parker 1982), with the individual that waits longer

having the advantage to avoid potential risk, while

the one approaching the novel objects first may take

advantage of prime access to a potential resource.

One of us (B. H.) observed in adult free-ranging

ravens in Maine (USA) that dominants allowed the

subordinates to approach a new pile of meat first,

although they went first if there was only a small

amount of meat available that one raven could carry

away. This indicates that the balance between risk

and benefit may affect who approaches first. Green-

Fig. 1: Raven group at the Konrad Lorenz Research Station: compar-

ison between social conditions: (a) approach latency score (Theobald

& Goupillot 1990): the higher the score, the faster individuals

approached the novel objects; (b) time spent close to novel objects in

seconds, N ¼ number of birds tested, box plots show the median and

the interquartile range from the 25th to the 75th percentile. Whiskers

above and below the box indicate the 10th and the 90th percentiles.

Circles visualize outliers. Asterisks indicate significant between-condi-

tion differences as determined by Posthoc tests for multiple compari-

sons for Friedman two-way analyses of variance by ranks (*p < 0.05)
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berg & Mettke-Hoffmann (2001) hypothesised that if

pay-offs are asymmetrical and the rank hierarchy is

linear, subordinates should take the risk to approach

first. This has been observed in several studies (e.g.

response to novel space in jackdaws, Corvus mone-

dula, Katzir 1982, predator inspection in angelfish,

Pterophyllum scalare, Gómez-Laplaza 2002). With one

exception, dominant ravens of our tests did not

approach first when being in groups.

The delayed approach to novel objects when

together with conspecifics could be due to an

increase in neophobia and thus social inhibition, as

it was found in fish such as chum salmon, Oncor-

hynchus keta, and the atlantic salmon, Salmo salar, in

Table 1: Comparison of behaviours between the three test conditions: single-bird (s.b.), dyadic and group (in both, UVM and KLF ravens)

Raven

group

Test

duration

(min) Behaviour

Single-bird–dyad-group Single-bird–dyad Single-bird-group Dyad-group

Friedman test Posthoc test for multiple comparisons

UVM 6 Approach latency (scores) n ¼ 6, v2
2 ¼ 2.52, p > 0.05 – – –

KLF 20 Approach latency (scores) n ¼ 10, v2
2 ¼ 10.40, p < 0.01 p < 0.05, s. b. < dyads p < 0.1, s. b. < group p > 0.1

UVM 6 Approach frequency n ¼ 6, v2
2 ¼ )2.84, p > 0.05 – – –

KLF 20 Approach frequency n ¼ 10, v2
2 ¼ 10.55, p < 0.01 p > 0.1 p > 0.1 p < 0.05

dyads > group

UVM 6 Time spent close (s) n ¼ 6, v2
2 ¼ 2.92, p > 0.05 – – –

KLF 20 Time spent close (s) n ¼ 10, v2
2 ¼ 9.8, p < 0.02 p < 0.05 s. b. < dyads p < 0.05 s. b. < group p > 0.1

UVM 6 Number of jumping jacks n ¼ 6, v2
2 ¼ 5.19, p < 0.1 p < 0.05 s. b. > dyads p > 0.1 p > 0.1

KLF 20 Number of jumping jacks n ¼ 10, v2
2 ¼ 9.80, p ¼ 0.01 p < 0.05 s. b. > dyads p < 0.05 s. b. > group p > 0.1

Wilcoxon test: dyadic group condition

UVM 20 Approach frequency n ¼ 6, z ¼ )1.99, p ¼ 0.046, dyad < group

UVM 20 Time spent close (s) n ¼ 6, z ¼ )1.78, p ¼ 0.078, dyad < group

UVM 20 Number of jumping jacks n ¼ 6, z ¼ )1.21, p ¼ 0.22

We used Friedman two-way analysis of variance by ranks and posthoc test for multiple comparisons to test for between condition differences.

Wilcoxon matched-pairs signed-ranks tests were used for comparison between dyadic and group condition in the UVM ravens. N ¼ number of

birds tested, df ¼ 2 in all Friedman tests.

Table 2: Between individual differences in the three conditions, single-bird, dyadic and group.

Raven group Behaviour Single-bird Dyad Group

UVM Approach latency (s) df ¼ 5, v2
6 ¼ 18.12, p ¼ 0.003 df ¼ 5, v2

5 ¼ 4.22, p ¼ 0.52 df ¼ 5, v2
6 ¼ 6.09, p ¼ 0.30

KLF Approach latency (s) df ¼ 10, v2
4 ¼ 19.06, p ¼ 0.039 df ¼ 10, v2

10 ¼ 33.36, p < 0.001 df ¼ 9, v2
4 ¼ 28.17, p ¼ 0.001

UVM Approach frequency df ¼ 5, v2
6 ¼ 13.03, p ¼ 0.023; df ¼ 5, v2

5 ¼ 5.08, p ¼ 0.41 df ¼ 5, v2
6 ¼ 14.72, p ¼ 0.012

KLF Approach frequency df ¼ 10, v2
4 ¼ 23.55, p ¼ 0.015 df ¼ 10, v2

10 ¼ 15.79, p ¼ 0.11 df ¼ 9, v2
4 ¼ 9.98, p ¼ 0.36

UVM Time spent close (s) df ¼ 5, v2
6 ¼ 19.63, p ¼ 0.001 df ¼ 5, v2

5 ¼ 4.14, p ¼ 0.53 df ¼ 5, v2
6 ¼ 20.41, p ¼ 0.001

KLF Time spent close (s) df ¼ 10, v2
4 ¼ 30.61, p ¼ 0.001 df ¼ 10, v2

10 ¼ 23.25, p ¼ 0.010 df ¼ 9, v2
4 ¼ 27.63, p ¼ 0.001

We used Friedman two-way analysis of variance by ranks for comparison between the individuals. Test duration was 20 min in all conditions

except for the UVM ravens in the single-bird condition, there tests lasted for 6 min. Chi-squared test subscripts indicate the number of test trials

per bird.

Table 3: Consistency in individuals’ approach behaviour to novel objects over the three test conditions, single-bird, dyadic and group

Raven group Behaviour Single-bird–dyad Single-bird-group Dyad-group

UVM Approach latency (score) n ¼ 6, rs ¼ 0.79, p ¼ 0.062 n ¼ 6, rs ¼ 0.13, p ¼ 0.80 n ¼ 6, rs ¼ 0.43, p ¼ 0.40

KLF Approach latency (score) n ¼ 11, rs ¼ 0.54, p ¼ 0.087 n ¼ 10, rs ¼ )0.57, p ¼ 0.089 n ¼ 10, rs ¼ )0.62, p ¼ 0.054

UVM Approach frequency n ¼ 6, rs ¼ 0.52, p ¼ 0.28 n ¼ 6, rs ¼ 0.82, p ¼ 0.045 n ¼ 6, rs ¼ 0.87, p ¼ 0.025

KLF Approach frequency n ¼ 11, rs ¼ )0.10, p ¼ 0.77 n ¼ 10, rs ¼ )0.30, p ¼ 0.40 n ¼ 10, rs ¼ 0.20, p ¼ 0.58

UVM Time spent close (s) n ¼ 6, rs ¼ 0.79, p ¼ 0.062 n ¼ 6, rs ¼ )0.81, p ¼ 0.051 n ¼ 6, rs ¼ )0.65, p ¼ 0.26

KLF Time spent close (s) n ¼ 11, rs ¼ 0.57, p ¼ 0.066 n ¼ 10, rs ¼ 0.48, p ¼ 0.16 n ¼ 10, rs ¼ 0.37, p ¼ 0.29

We compared individual responses between conditions using Spearman rank-order correlations. For correlations with behaviour in the single-bird

condition in the UVM ravens we used only data of the first 6 min of the test trials in the dyadic and group condition.
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which social context delayed or even inhibited

approach to, and intake of, novel food (Ryer & Olla

1991; Brown & Laland 2001, 2002). When

approaching a novel object ravens do jumping-jacks

and thereby test, whether the object is potentially

dangerous (Heinrich 1988a). In our study, the

ravens conducted significantly more jumping-jacks

when approaching the novel object alone than when

being with conspecifics. This indicates that they

approached more cautiously when being alone and

supports our ‘negotiation hypothesis’, where one

raven waits for the other to be the first and take the

risk. If the delayed approach when tested with con-

specifics would be due to a contagion of fear, we

would expect to observe more jumping-jacks in the

social conditions as compared to the single-bird con-

dition. This was not the case.

We matched the number of novel objects with the

number of birds in each test, to minimize potential

effects of competition over novel objects. It is poss-

ible that a larger number of novel objects may

increase neophobia, which would mean that our

results of approach latency may be an artefact. How-

ever, we argue that this explanation is unlikely.

When we tested the entire KLF group with only one

novel object, the birds approached the novel object

significantly later than when tested in sibling sub-

groups with the number of objects being equal to

the number of birds. The appropriate control would

have been testing the sibling sub-groups with one

novel object only and not the entire group to keep

group composition constant. Still, if the number of

objects would determine approach latency, ravens

should have been faster when tested in the entire

group with one novel object than when being in sib-

ling sub-groups with several novel objects, which

was not the case.

In contrast to our results, Marzluff & Heinrich

(1991) found that ravens approached new piles of

meat quicker when in the group than alone. This

was interpreted as a decrease of neophobia due to

the presence of conspecifics. They worked with wild

ravens which were trapped and habituated to the

aviary before the onset of the experiments. Despite

habituation to living in the aviary, the birds might

have still been stressed by the isolation from the

other birds and may therefore have been slower

when approaching the new food piles alone com-

pared to when being with conspecifics. In fact, the

formerly free-ranging ravens flushed away from the

food more often when being alone than when being

with conspecifics. Our ravens were habituated to

being in an aviary and to being temporarily sepa-

rated from conspecifics.

The behavioural phenotype of individuals (Kool-

haas et al. 1999) may be an important component

determining exploratory behaviour in ravens.

Indeed, individuals of both groups differed signifi-

cantly in their response to novel objects. Within indi-

viduals we observed some consistency: birds readily

approaching and staying close to novel objects in the

single-bird condition tended to do so in the dyadic

condition. However, when tested in groups individu-

als partly differed in their approach patterns com-

pared to when tested alone or in dyads. These

within-individual variance might be due to effects of

social status and the sex of the birds they were com-

bined with (Stöwe et al. 2006). This influence of

social context might increase with group size. In

addition, individuals also vary in their response to a

social setting depending on their coping style (Oers

van et al. 2005). These factors might account for the

observed inconsistencies in approach behaviour of

the birds when tested with conspecifics.

Fig. 2: Approach frequency and time spent close to each other in

the dyadic condition for. (a) UVM ravens and, (b) KLF ravens. x-axis:

minutes during the test trials. Hatched lines show mean number of

approaches of all individuals taken together (y-axes left), solid lines

visualize mean duration birds spent sitting close to each other

(<50 cm) in seconds (y-axes right). White arrows indicate peak in

approach frequency, black arrows point at peak in duration of sitting

close to each other
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Although the presence of conspecifics (in dyads

and groups) delayed the initial approach to novel

objects, once a raven approached, it facilitated explo-

ration (ravens spent more time close to and manipu-

lating novel objects in the presence of conspecifics).

Facilitating effects were more pronounced in group

sizes >2. Since non-breeding ravens regularly forage

in groups and actively recruit conspecifics at food

sources, the potential benefits of feeding in a group

(Heinrich & Marzluff 1995) seem to outweigh the

disadvantage of a delayed initial approach.

In conclusion, when there are individuals in the

group which approach novel objects quickly (due to

their coping style, their experience or other factors),

their presence may increase the motivation of others

to approach as well. On the functional level, social

context may dilute risk. However, the presence of

some more nervous conspecifics may also lead to an

increase in neophobia and inhibit or delay the

approach. Alternatively, our results may reflect a stra-

tegic decision of the birds instead of a proximate con-

straint. An individual being tested alone must take

the risk if interested in using a resource, while when

others are present, it might wait until one of them

takes the risk of prime exploration (war of attrition).

Apparently, there is no simple answer to the ques-

tion of whether social context facilitates or inhibits

the approach and exploration of novel objects,

because it will depend on the species, group compo-

sition, individual dispositions and on individual deci-

sions.
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