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Abstract
A benefit of group living is the opportunity for individuals to gain valuable information from
others, for example about predators, food sources or mate quality. However paying attention to
conspecifics also induces costs such as time constraints. In order to optimize information-gaining
processes individuals are expected to be selective with regards to whom and what they pay attention
to. This selectivity may depend on factors like context, sex, age and social status of both the
observing individual and the model. In the present study, we investigated the attention patterns
in carrion crows (Corvus corone corone). Since carrion crows live in complex societies where the
use of social information is likely to be highly beneficial, we expect attention patterns to be strongly
affected by social factors. Nineteen captive crows were presented with either familiar or unfamiliar
and kin or non-kin model individuals. We quantified the duration and frequency each observer
watched the model in each experimental session. Familiarity with the model did neither affect
watching duration nor frequency. However, there was an effect of kinship on individual attention,
with male crows observing non-kin at higher frequency than kin, whereas female observers showed
no preference. We also found an effect of the percentage of group members watching within
a session and attentiveness of each observer. Overall, our study shows that social factors affect
attention patterns in crows.
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1. Introduction

A benefit of living in a group is the possibility to obtain valuable informa-
tion from other group members (Galef & Laland, 2005; King & Cowlishaw,
2007) with regards to predators (Macdonald, 1983; Mineka & Cook, 1988;
Griffin & Evans, 2003), food sources (van Schaik, 1983; Fernández-Juricic
& Kacelnik, 2004), territory or mate quality (Danchin & Wagner, 1997; Val-
one & Templeton, 2002). However paying attention to conspecifics induces
costs (Giraldeau et al., 2002), in the form of time constraints (Pollard, 2010)
or incorrect decision-making, leading for example to energetic costs when
visiting low quality food patches (Rieucau & Giraldeau, 2011). Therefore, in
order to optimize information-gaining processes, individuals must be selec-
tive to whom and what they attend to (Blumstein et al., 2004). This selectivity
may depend on factors like context, sex, age and social status of the ob-
server, i.e., the individual watching as well as the model, i.e., the individual
being watched (Range & Huber, 2007; Scheid et al., 2007). An individual’s
decisions about whether and how long to watch a model individual might
strongly depend on an individual’s quality, e.g., aggressive strength, mate
quality, reliability of information provided (Valone, 2007) and the relation-
ship between the observer and model individual (kinship: Valsecchi et al.,
1996; affiliation status: Scheid et al., 2007). It has been previously shown
that the choice of interaction partner is an important mechanism in complex
social systems in order to increase efficiency for example in cooperative in-
teractions (Noe & Hammerstein, 1994) or social learning (Laland, 2004) and
in order to be able to make accurate partner choice decisions animals need
information about available partners, e.g., reliability, efficiency (Blumstein
et al., 2004; Melis et al., 2006). Furthermore, the social organisation of a
species influences attention patterns in a way that individuals are less spe-
cific in respect to which group members to pay attention to and from whom
to learn in highly egalitarian societies, whereas they are more specific in
despotic societies (Coussi-Korbel & Fragaszy, 1995).

The present study investigated attention patterns in the carrion crow
(Corvus corone corone), a species living in a highly complex and flexible
social organization. In most European populations carrion crows form non-
breeder flocks up to adulthood and afterwards split up in territorial breeding
pairs (Glutz von Blotzheim, 1985). In northern Spain however, crows live
in cooperatively breeding groups of up to nine individuals, consisting of
the breeding pair and retained offspring as well as mostly male, immigrants
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(Baglione et al., 2003). In the case of cooperative breeding, crows mostly in-
teract with kin, for example in helping interactions at the nest, e.g., feeding
of nestlings (Baglione et al., 2003). Crows are despotic (sensu Coussi-Korbel
& Fragaszy, 1995) and form a linear and stable dominance hierarchy within
breeding groups, with the breeding male being the most dominant individual
followed by immigrant males, male retained offspring, the breeding female,
female retained offspring and female immigrants (Chiarati et al., 2010).
Dominant males share food nepotistically with their offspring rather than
with less related immigrants (Chiarati et al., 2011). Subordinate individuals
within these breeding groups have been shown to benefit from exploratory
dominants, who approached novel, potentially dangerous food first (Chiarati
et al., 2012). In closely related corvid species, i.e., members of the genus
Corvus, e.g., ravens or rooks, individuals are known to form valuable re-
lationships, not only between reproductive partners but especially juveniles
form short- to long-term coalitions and alliances (Heinrich, 2011; Fraser &
Bugnyar, 2012). Within such valuable relationships, individuals support each
other in agonistic encounters (Emery et al., 2007; Fraser & Bugnyar, 2012)
and share information and resources (Bugnyar et al., 2001; de Kort et al.,
2006; Fraser & Bugnyar, 2012). Outside such valuable relationships, ravens
and other corvids act competitively, applying various tactics in order to out-
perform conspecifics (Bugnyar & Heinrich, 2005, 2006).

Here, we question whether social information is relevant for carrion crows
and if they show selective attention patterns depending on familiarity with
the model, kinship, sex, social behaviour of the observer (i.e., tendency to
show affiliative, agonistic behaviours) and the kind of social relationship
with the model, quantified by looking at dyadic social interactions during
standard behavioural observations in the group. In order to quantify the rele-
vance of social information, we measured how long (duration in seconds per
minute of session duration) and how often (frequency per minutes of session
duration) carrion crows observed a conspecific model individual. Similar to
results in other social species, we predict crows to show significant inter-
est in social information provided by the model individual. Furthermore, the
complexity of corvid social organisation leads to the prediction that individ-
uals should pay selective attention depending on the identity of the model
individual. On the one hand, crows could potentially gain social informa-
tion from unknown birds (e.g., aggressive potential, mate quality), but on
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the other hand they may obtain information on how conspecifics (both fa-
miliar and unknown) deal with a novel situation. If individuals value social
information from unknown individuals more, we expect crows to be more
attentive to unfamiliar birds than to familiar birds, while if information on a
novel situation is preferred, individuals should pay (i) equal attention to both
familiar and unfamiliar models, or (ii) more attention to familiar models, as
they may provide more reliable information. In addition, because sociality
in the study population is mainly based on kin relationships (Baglione et al.,
2003), and social bonds with kin are likely to be more valuable than social
bonds with familiar non-kin individuals outside the reproductive context we
expect individuals to pay more attention to kin than to familiar non-kin. With
respect to sex, on the one hand males may be expected to pay more attention
to model stimuli than females, because both social relationships and coop-
erative behaviour in this population are male-biased (Baglione et al., 2002a;
Canestrari et al., 2005), and therefore social information, e.g., aggressive po-
tential of an individual, may be more valuable for males than for females. On
the other hand, however, it has been shown that in the context of foraging and
exploration subordinate individuals, which includes females, heavily rely on
exploration behaviour of dominant males (Chiarati et al., 2011), suggest-
ing that females could be more attentive to conspecifics than males. Also,
male model stimuli should be of larger interest for both sexes than female
models, due to males’ exploratory behaviour, and a positive social relation-
ship between the observer and the model should increase the attention of the
former. Finally, we expect a social facilitation effect, where individuals over-
come their neophobia and are more attentive to the model in sessions when
more individuals in the group are watching the model.

2. Methods

2.1. Ethics statement

All bird manipulations were authorized by Junta de Castilla y León
(EP/LE/359/2009). Experiments were conducted by an experienced animal
caretaker, which ensured that no animals were harmed by the experimen-
tal procedure, e.g., handling model individuals. Model individuals had ad
libitum access to drinking water and food and were observed by an experi-
enced animal caretaker to ensure they were not chronically stressed during
the entire experimental procedure. In fact, after catching and handling crows



C.A.F. Wascher et al. / Behaviour 151 (2014) 555–572 559

calmed down quite fast and then displayed ‘normal’ behaviour, e.g., feed-
ing, preening, resting. Observer individuals remained in captivity before and
after completion of the present study, wild model crows have been released
back in their territory. In previous studies it has been shown that capture
and manipulation of birds has no negative effects on crows (Baglione et al.,
2002b, 2010).

2.2. Study subjects

The subjects, which served as observing individuals, were 19 carrion crows
housed in a large outdoor aviary in Solanilla, Spain. Birds were kept in three
separate groups, reflecting different forms of social organisations found in
crows in the wild. The ‘flock’ contained seven non-breeding juveniles (four
females and three males) and composed of three pairs of siblings (one pair
of female siblings, one pair of male siblings, and one mixed pair of siblings)
and one unrelated individual. All individuals in the flock hatched between
April and May 2008 and were hand-raised in captivity. The other two groups
represented cooperative breeding families, one family was composed of a
breeding pair, a one-year old male helper (likely their offspring), and their
three juvenile offspring (two females and one male), the other family com-
posed of a breeding pair and their four juvenile offspring (two females and
two males). Adult birds and the helper were captured in their territory in
Sobarriba, Spain during the chick feeding period, when the offspring was
approximately 15–20 days old in June 2008. Their parents and the helper
subsequently raised nestlings in captivity.

The aviary (30 × 12 × 6 m) was separated in four major compartments
(12 × 6 × 3 m), and a testing compartment in the middle (3 × 3 × 3 m),
through which each aviary compartment could be entered. The three groups
were visually but not acoustically separated from each other and the testing
compartment. The aviary was equipped with wooden perches, natural vege-
tation, rocks, leaves, and feeders, which provided ad libitum access to food
pellets. An enriched diet consisting of meat, apple, pear, cheese, and eggs
was provided during the weekdays. Water was available ad libitum for both
drinking and bathing.

2.3. Experimental procedure

The experiments were conducted in June–August 2009. The test stimuli, i.e.,
model individuals consisted of five group members (familiar stimuli) and five
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wild-caught crows (unfamiliar stimuli). Familiar crows were caught from the
aviaries in the evening before the trial day using a large mesh bird net and
then placed in the experimental cage (119 × 46 × 46 cm). In the flock, fa-
miliar individuals could be either kin or non-kin, as the group consisted of
three sibling pairs and one individual without siblings, whereas in the fami-
lies all familiar individuals were related. The wild crows were captured using
a walk-in crow trap (90 × 45 × 45 cm) divided in half, with one side hous-
ing a live decoy crow and the other side with uncooked liver as bait. The trap
was placed in known crow territories before dawn and checked around 1000.
If no crow was caught until then, trapping was reattempted the following
morning. To avoid recapturing the same individual twice or capturing related
individuals, all wild crows (N = 6) came from distinctly different territo-
rial areas. The captured crows were body measured (e.g., weight, tarsus, bill
length). The respective age of each crow was estimated by the internal colour
of the upper mandible (Svensson, 1992). Afterwards they were placed in the
experimental cage and left overnight for habituation. After successful con-
clusion of the experiment (6–8 days), the crows were released back in their
territory. Experiments have been performed twice daily, in the morning be-
tween 05:30 and 11:10 h and the late afternoon 18:00 and 21:00 h. Familiar
birds were presented to the group in two consecutive sessions (morning and
afternoon), unfamiliar birds were presented in four sessions, taking place on
two different days with a three days break in between. Sessions lasted for
78–118 min, depending on the length of the videotape and were recorded on
video (Sony DCR-TRV270E).

During the test session, the experimental cage with the model bird was
put on the ground of the test compartment adjacent to the focal group. The
model bird was provided with food and water in the test cage. Opaque covers
blocked view into the experimental room. Three holes, 2 cm in diameter,
20 cm above ground and 25 cm apart from each other, through which the
observer birds could peak in the cage with stimulus bird, when standing
directly in front of the holes. Three holes were provided in order to avoid
possible competition for watching opportunities within the groups.

The camera was placed on a tripod inside the experimental group’s com-
partment approximately three meters away from the observation holes. An-
other camera on a tripod was placed inside the experimental compartment
approximately 1.5 m from the experimental cage (Figure 1).
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Figure 1. Sketch of the experimental setup. The grey squares show the location of the cage
with the model individual during experimental sessions. The little blue squares display the
location of the video cameras and the three black dots indicate the three watching holes. This
figure is published in colour in the online edition of this journal, which can be accessed via
http://booksandjournals.brillonline.com/content/1568539x.

Video footage was analysed by J.W.V. and C.A.F.W. An observation event
started, when an individual approached within ten cm of an observation hole
and was clearly using an eye to peek through the hole. We measured the
frequency of observation events and the observing duration in seconds. Ob-
servation duration and frequency was corrected for actual observation time
(seconds watching/minutes observation time; observation events/minutes ob-
servation time). Individuals of the group, which did not observe in a specific
test session, were indicated as zero. For each observation session the per-
centage of birds from the group engaging in at least one observation bout
was calculated.

2.4. Behavioural observations

Between October 2008 and January 2009 we recorded 18 to 30 focal pro-
tocols (mean ± SD = 22.052 ± 2.914) per individual of the captive group,
which later on served as observers in the presented experiment. These ob-
servations were performed in an un-manipulated group context in order
to describe the social behaviour of each individual as well as the social
relationships between those individuals that later were tested in the atten-
tion experimental setting. Each protocol lasted for five minutes and was
video recorded for later analysis by C.A.F.W. Duration and frequency of

http://booksandjournals.brillonline.com/content/1568539x
http://booksandjournals.brillonline.com/content/1568539x
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the following behavioural parameters were measured: identity of the nearest
neighbour, distance to the nearest neighbour in meters, vocalizations, preen-
ing, shaking, head wish, wing quivering, approach non-aggressive, agonistic
behaviour (threat, chase flight, fight) and affiliative behaviour (contact sit, al-
logrooming, demand to be groomed). Identity of involved individuals as well
as of the initiating and receiving individual was noted. To characterize social
behaviour, we calculated for each individual the average nearest neighbour
distance and the frequency of non-aggressive approaches, aggression won,
aggression lost and affiliative interactions with (1) any other member of the
same group; (2) every individual from the same group that acted as model in
the experiments (76 dyads in total).

2.5. Statistical analysis

We ran two generalized linear mixed models (GLMMs) with linear error
distribution and an identity link function. Response variables were watching
frequency and duration per minute of session duration. In order to account for
repeated measures for each observer individual, the individual identity was
included as random factor. Number of session, group type (family, flock),
breeding status of the observer, sex of the observer, sex of the model, famil-
iarity of the model, relatedness between model and observer and percentage
of group watching in each session were included as fixed factors, as well
as two-way interactions between number of session, group type, breeding
status, observer sex, model sex, familiarity of the model and relatedness.
We selected the final model through a backward stepwise selection eliminat-
ing non-significant factors from the model in order to reach the best model.
GLMM analyses were performed in SPSS 19.0.

Affiliative and agonistic behavioural parameters were analysed separately
because dyadic interaction data were only available for birds belonging to the
same group and obviously did not include the crows caught in the wild. Sam-
ple size was therefore smaller than that of previous analyses, making a mul-
tivariate approach unsuitable. We therefore used Spearman rank correlation
test to analyse the relationship between watching duration/frequency with
the frequency of social interactions that each individual performed with any
other group member (approach non-aggressive, aggression won, aggression
lost, affiliative interactions given, affiliative interactions received, mean near-
est neighbour distance) during behavioural observations in a standard group
context (see previous section). For experimental sessions where a familiar
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individual served as model, we also correlated watching duration/frequency
with the frequency of dyadic social interactions (approach non-aggressive,
aggression won, aggression lost, affiliative interactions, mean neighbour dis-
tance) between observer and model. After Bonferroni correction, alpha was
set at 0.008 to account for multiple testing.

3. Results

Overall, in 110 sessions and 180 h 8 min 33 s of total session duration, crows
observed the model for 5 h 20 min 42 s in 1321 watching bouts. This results
in a mean ± SD of 0.116 ± 0.131 s of watching and 0.033 ± 0.033 bouts
per min session duration.

We did find significant differences between breeders and non-breeders in
watching duration (GLMM: F = 9.102, df1 = 1, df2 = 651, p = 0.003) and
frequency (GLMM: F = 8.509, df1 = 1, df2 = 652, p = 0.004). Breeders
watched (mean ± SD: duration: 0.024 ± 0.082 s/min, frequency: 0.004 ±
0.011 bouts/min) significantly less compared to non-breeders (mean ± SD:
duration: 0.118 ± 0.025 s/min, frequency: 0.018 ± 0.241 bouts/min).

Watching behaviour significantly decreased over the sessions (GLMM:
duration: F = 3.518, df1 = 3, df2 = 651, p = 0.015; frequency: F = 4.273,
df1 = 3, df2 = 652, p = 0.005; Figure 2).

Familiarity with the model did not affect watching duration (GLMM:
F = 0.53, df1 = 1, df2 = 651, p = 0.467; mean ± SD: familiar: 0.1 ±

Figure 2. Mean (±SD) watching duration in seconds (A) and mean (±SD) watching fre-
quency (B) per minute of observation, in different experimental sessions. Birds received two
sessions with each familiar model individual and four sessions with each unfamiliar model.
Sessions 1 and 2 include both familiar and unfamiliar model individuals, sessions 3 and 4
only unfamiliar model crows.
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0.21 s/min, unfamiliar: 0.097 ± 0.225 s/min) and frequency (GLMM: F =
0.815, df1 = 1, df2 = 652, p = 0.366; mean ± SD: familiar: 0.013 ±
0.019 bouts/min, unfamiliar: 0.016 ± 0.025 bouts/min). No differences were
found in attention patterns between family (mean ± SD: duration: 0.093 ±
0.254 s/min, frequency: 0.011 ± 0.019 bouts/min) and flock (mean ± SD:
duration: 0.107 ± 0.141, frequency: 0.022 ± 0.029 bouts/min) individuals
(GLMM: duration: F = 0.18, df1 = 1, df2 = 651, p = 0.671; frequency:
F = 0.001, df1 = 1, df2 = 652, p = 0.978). Watching duration did not differ
between males (mean ± SD: 0.1 ± 0.233 s/min) and females (duration:
0.096 ± 0.209 s/min; duration: GLMM: F = 0.041, df1 = 1, df2 = 651,
p = 0.839), but in the flock females watched more often than males and
in the families this pattern was reversed (group × observer sex interaction:
frequency: GLMM: F = 12.267, df1 = 1, df2 = 652, p < 0.001).

The sex of the model individual did not affect watching duration (GLMM:
F = 0.841, df1 = 1, df2 = 651, p = 0.36; mean ± SD: female models:
0.1 ± 0.188 s/min; male models: 0.1 ± 0.229 s/min) and frequency (GLMM:
F = 0, df1 = 1, df2 = 652, p = 0.997; mean ± SD: female models: 0.011 ±
0.017 bouts/min; male models: 0.016 ± 0.02 bouts/min). We found male ob-
servers to watch kin less often than non-kin (mean ± SD: male observers:
kin: 0.003 ± 0.007 bouts/min, non-kin: 0.019 ± 0.02 bouts/min), whereas
females watched kin and non-kin with similar frequency (mean ± SD: fe-
male observers: kin: 0.044 ± 0.027 bouts/min, non-kin: 0.052 ± 0.036
bouts/min; kinship × observer sex: GLMM: F = 5.006, df1 = 1, df2 =
652, p = 0.003; Figure 3). Watching duration was not affected by kinship
(GLMM: F = 0.811, df1 = 1, df2 = 651, p = 0.372).

We found a positive effect of the percentage of individuals from a group
watching in a session and watching duration (GLMM: F = 51.344, df1 = 1,
df2 = 651, p < 0.001; Figure 4) and frequency (GLMM: F = 88.222, df1 =
1, df2 = 652, p < 0.001).

The mean number of non-aggressive approaches per behavioural observa-
tion session, which was recorded in an un-manipulated group situation out-
side the experimental context (see methods), was negatively correlated with
watching duration (Spearman’s rho test r2 = −0.622, p = 0.004, N = 19)
and frequency (Spearman’s rho test r2 = −0.529, p = 0.02, N = 19; not
significant (n.s.) after Bonferroni correction) and mean number of aggressive
interactions lost was positively correlated with watching duration (Spear-
man’s rho test: r2 = 0.558, p = 0.013, N = 19; n.s. after Bonferroni) but
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Figure 3. Mean ± SD watching frequency per minute of observation, depending on kinship
to the model individual and sex of the observer individual.

not watching frequency (Spearman’s rho test: r2 = 0.261, p = 0.28, N =
19). The frequency of other behaviours shown by an individual during be-
havioural observations did not correlate with watching duration in our exper-
iment (Spearman’s rho test: aggression won: r2 = 0.271, p = 0.262, N = 19;
nearest neighbour distance: r2 = 0.406, p = 0.084, N = 19; affiliation ac-
tive: r2 = 0.058, p = 0.812, N = 19; affiliation received: r2 = −0.237,

Figure 4. Watching duration in seconds per minute of session duration, depending on how
many group-members are watching within one session. The x-axis displays the percentage of
group members watching; the y-axis displays mean watching duration per individual. Zero
means nobody of the group is watching, 100 means every group member was watching the
model individual. Each dot represents an observation session.
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p = 0.33, N = 19) and frequency (Spearman’s rho test: aggression won:
r2 = 0.187, p = 0.443, N = 19; nearest neighbour distance: r2 = 0.413,
p = 0.079, N = 19; affiliation active: r2 = −0.146, p = 0.551, N = 19;
affiliation received: r2 = −0.177, p = 0.468, N = 19). We also did not find
any significant correlations between the social relationship between observer
and model (quantified on the base of dyadic interactions occurred during be-
havioural observations in a standard group context) and watching duration
(Spearman’s rho test: aggression lost: r2 = −0.1, p = 0.933, N = 76; ag-
gression won: r2 = −0.018, p = 0.876, N = 76; approach non-aggressive:
r2 = 0.006, p = 0.958, N = 76; nearest neighbour distance: r2 = 0.21, p =
0.069, N = 76; affiliation: r2 = −0.1, p = 0.391, N = 76) and frequency
(Spearman’s rho test: aggression lost: r2 = 0.069, p = 0.556, N = 76; ag-
gression won: r2 = 0.31, p = 0.789, N = 76; approach non-aggressive:
r2 = −0.15, p = 0.897, N = 76; nearest neighbour distance: r2 = 0.211,
p = 0.067, N = 76; affiliation: r2 = −0.135, p = 0.246, N = 76).

4. Discussion

In this study we investigated social factors affecting attention patterns in car-
rion crows. We found that watching behaviour did not differ depending on
the familiarity to the model. This contrasts with our prediction that differ-
ences in social relevance would result in differences in attention patterns. We
would have expected crows to show more interest in unfamiliar individuals
if social information about aggressive tendencies or strength but also mate
quality was more important than information on familiar individuals dealing
with a new situation. Our results suggest that social information gained in
a novel situation is important for crows, independent of whether the infor-
mation is acquired from a familiar or unfamiliar individual. Most previous
studies investigating attention patterns in complex social systems did not test
for responses to unfamiliar individuals (Range & Huber, 2007; Scheid et al.,
2007; Range et al., 2009). A previous study in guppies showed individuals
to preferably shoal with familiar individuals during foraging (Lachlan et al.,
1998), whereas studies in Norway rats shows no effect of demonstrator fa-
miliarity on foraging decisions (Galef et al., 1998). Our results show that
the effects of familiarity on social attention patterns are not as clear as ex-
pected and further study on the use of social information in complex social
organisations is needed.



C.A.F. Wascher et al. / Behaviour 151 (2014) 555–572 567

Furthermore, when presented with familiar birds, male observers, unlike
females watched non-kin models more frequently than kin. This is surprising
since kinship is known to have a facilitating effect on social learning inter-
actions (Valsecchi et al., 1996; Schwab et al., 2008a). Nonetheless, in this
society where individuals live year round in enlarged families that share one
all purpose territory, the opportunities for interacting with kin are virtually
ubiquitous, so that crows may extract more valuable social information from
watching non-kin when the circumstances allow this. Also, non-kin individ-
uals could probably be of interest as a potential pair-partner and therefore
more interesting than kin individuals. However, we did not find an effect of
model sex on attention. If finding a mate played a pivotal role in our experi-
mental setting, we would have expected males to watch female models more,
but this was not the case, although we cannot exclude that the lack of a sex
effect was due to small sample size. It has previously been suggested that
the social organisation and foraging ecology of species might strongly affect
attention pattern. For example ravens have been shown to be more attentive
to affiliated compared to non-affiliated individuals, whereas affiliation sta-
tus and kinship did not affect attention patterns in jackdaws (Scheid et al.,
2007; Schwab et al., 2008b). Although direct comparisons of studies have to
be viewed with caution as experimental designs differ (e.g., session length,
engagement of model individual in different behaviours), our present results
agree with previous findings in jackdaws (Corvus monedula) but contrast
patterns in common ravens (Corvus corax). This is interesting as our study
population consists of cooperatively breeding carrion crows, which live in
cohesive kin groups (Baglione et al., 2003). This is different from the social
organisation of crows in the rest of Europe, where crows breed in territorial
pairs and form fission–fusion societies (Glutz von Blotzheim, 1985). As the
social organisation of crows and ravens is very similar in most parts of Eu-
rope, we always expected cognitive and social features of these two species
to be more similar than between species with a different social organisation,
e.g., rooks, jackdaws, which are colonial and typically forage in large groups.
The present study diverges from this prediction, which might be attributed to
cooperative breeding in this population of crows. To draw final conclusions
about the effect of social organisation on corvid attention patterns there is
need of a study investigating attention patterns in non-cooperatively breed-
ing crows. If those crows behaved more like ravens than jackdaws, this would
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strongly support our previous assumptions about the underlying functions of
attention patterns to social stimuli (Scheid et al., 2007; Schwab et al., 2008a).

Depending on group type, we did find a slight effect of observer sex on
watching frequency. In the families, males watched more often than females,
which is to be expected as in crows an effect of sex on exploratory behaviour
has been described previously, with dominant males (breeders) approaching
a novel food source faster than other individuals of the group (Chiarati et
al., 2012) and males being dominant over females and having a more sta-
ble hierarchy (Chiarati et al., 2010). Also, mostly male individuals serve as
helpers in the study population (Canestrari et al., 2005). In the flock this pat-
tern was reversed and female individuals watched more often. However as
the effect is not very strong, our sample size is small and, as already men-
tioned, our study design allows only limited amount of social information
to be gained from the model individual we should be careful with the inter-
pretation of this result. Similarly, we found adult breeders watch less often
and for shorter durations than non-breeders, but this result also needs to be
taken with caution because of the small number of breeders sampled and a
potential confounding effect of age.

We did find watching behaviours of crows to be socially facilitated. In
sessions where more individuals of the group paid attention to the model
individual, individuals observed for longer durations and more often. So-
cial facilitation has been suggested as important psychological mechanism
in social learning processes (Coussi-Korbel & Fragaszy, 1995). It helps in-
dividuals in overcoming neophobia (Addessi & Visalberghi, 2001) and in-
creases foraging efficiency (Ryer & Olla, 1992; Soma & Hasegawa, 2004),
which might also be the main benefits of social facilitation in carrion crows.
However, from the present dataset we cannot conclude about a causal link
between number of individuals of a group watching and attention patterns.
Possibly, the model stimulus was more interesting in sessions where more in-
dividuals of the group watched and therefore observers watched longer and
more often.

Lastly, we investigated how the social behaviour of an individual in a stan-
dard group situation is correlated with its attentiveness and whether the social
relationship between the model and the observer individual affected attention
patterns. We found that individuals who approached conspecifics in a non-
aggressive manner were less attentive towards the model individuals in the
experiment. This could be another indicator that in our experiment, being
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‘less attentive’ did not necessarily mean ‘less interested’ in social informa-
tion. We cannot say what watching duration or how many watching bouts are
necessary to gain all the necessary information about a model individual. In-
dividuals may even differ in their ability to gain social information and more
social individuals might be more efficient in gaining information than more
aggressive ones (Taborsky & Oliveira, 2012).

The relationship between the observer and model individuals (frequency
of affiliative or agonistic contacts) did not affect attention patterns. In our
study, affiliative behaviours, e.g., contact sitting, allogrooming, were exclu-
sively shared between related individuals. Therefore in the group of juvenile
siblings, each crow shared affiliative contacts only with its sibling. The only
exception was the one crow without a sibling, who was affiliative with two
other individuals at low rates. Anyhow, in the family groups all group mem-
bers were also related to each other and therefore did share a varying number
of affiliative contacts with different individuals (family 1: 0–36; family 2:
0–17 affiliative interactions recorded: Wascher, unpublished data). When it
came to aggressive behaviours, we would have expected observers to avoid
model individuals against whom they lose in aggressive encounters, but our
data showed no indication in this direction. The lack of a relationship could
easily be due to the small sample size. Also, behavioural protocols were
recorded from November 2008 to January 2009, whereas the attention exper-
iment was performed between July–August 2009. We cannot fully exclude
that social dynamics changed over that period, although social relationships
in corvids are generally known to be stable over time (Boeckle & Bugnyar,
2012; Loretto et al., 2012).

In conclusion, our results showed that attention patterns in carrion crows
were affected by kinship, especially in males, in a way similar to attention
patterns reported in jackdaws but not in ravens. This can probably be at-
tributed to the social organisation in carrion crows in this specific population
in Northern Spain, where individuals interact consistently and repetitively
with kin in cohesive cooperative groups that live year round in all-purpose
territories (Baglione et al., 2005) and have probably more information to
gain by watching non-kin when the circumstances allow. A direct compari-
son with other European crow populations with a different social system is
a promising follow up of this study and is likely to provide further impor-
tant insights to understand attention patterns in animals living in complex
societies.
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