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Complex social life has been proposed as one of the main driving forces for the evolution of higher cognitive abilities in 
humans and non-human animals. Until recently, this theory has been tested mainly on mammals/primates, whereas little 
attention has been paid to birds. Indeed, birds provide a challenge to the theory, on one hand because they show high flex-
ibility in group formation and composition, on the other hand because monogamous breeding pairs are the main unit of 
social structure in many species. Here I illustrate that non-breeding ravens Corvus corax engage in sophisticated social 
interactions during foraging and conflict management. While Machiavellian-type skills are found in competition for hidden 
food, the formation and use of valuable relationships (social bonds) seem to be key in dealing with others in daily life. I thus 
argue that ravens represent a promising case for testing the idea that sophisticated social cognition may evolve in systems 
with a given degree of social complexity, independently of phylogeny.
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Introduction: Why study social cognition 
in ‘moderately social’ birds?

 Aside from problems related to foraging (Milton, 1988; 
Parker and Gibson, 1977), life in individualized social 
groups has been considered as one of the main driving forces 
for brain evolution (Jolly, 1966; Humphrey, 1976; Whiten 
and Byrne, 1988). Support for this ‘social brain’ hypothesis 
comes from studies correlating relative brain size with group 
size in non-human primates and in some other mammali-
an taxa (e.g. Dunbar, 1992; Dunbar, 1998; Pérez-Barbería, 
Shultz and Dunbar, 2007). In addition, field studies on pri-
mates and horses reveal effects of social competence on off-
spring survival (Silk, Alberts and Altmann, 2003; Cameron, 
Setsaas and Linklater, 2009) and some comparative studies 
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in birds show that social species tend to outperform less 
social species in experimental tasks (e.g. Bond, Kamil and 
Balda, 2003).

 Despite these encouraging findings, many open questions 
remain, notably about what constitutes social complexity 
and what type of cognition is selected for (e.g. Cheney and 
Seyfarth, 1990, 2007; Barrett, Henzi and Dunbar, 2003; Moll 
and Tomasello, 2007; Bond, Wei and Kamil, 2010). In birds 
and some mammals, for instance, brain size does not corre-
late with group size but with long-term partnerships (Dunbar 
and Shultz, 2007), indicating that dealing with a particular 
individual over time, rather than dealing with many individ-
uals, may be cognitively challenging (see also Emery, Seed, 
von Bayern and Clayton, 2007). Furthermore, in a number of 
mammalian and avian species, groups are not cohesive units 
but frequently change in respect to size and composition, 
with individuals joining, leaving and re-joining (parts of) the 
group later (Tyack and de Waal, 2003; Emery, 2006). It has 
been proposed that such systems with high degree of fission-
fusion dynamics are particularly challenging in cognitive 
terms, since individuals have to cope with the temporal ab-
sence of others, making it difficult to update information and 
knowledge about others (Aureli et al., 2008). Yet, empirical 
examples are focused on mammals such as primates (Amici, 
Aureli and Call, 2008), cetaceans (Mann, Connor, Tyack and 
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Whitehead, 2000), carnivores (Holekamp, Sakai and Lund-
rigan, 2007), and elephants (McComb, Moss, Durant, Baker 
and Sayialek 2000; McComb, Moss, Sayialek and Baker, 
2001). 

 In this paper I review recent studies on the common ra-
ven Corvus corax, a large-brained songbird renowned for 
its high ecological flexibility and scavenging foraging style 
(Ratcliffe, 1997). Compared with other corvids, it is usu-
ally characterized as a moderate social species, since adults 
defend breeding territories and are usually found in pairs 
(Boarman and Heinrich, 1999). However, those birds that do 
not have a territory - representing the class of non-breeders, 
i.e. young immature birds and sexual mature birds without 
a partner - tend to form groups that can be characterized by 
high fission-fusion dynamics (Heinrich, 1988; Marzluff and 
Angell, 2005). Group formation is advantageous in finding 
and accessing large but unpredictable food sources like car-
casses and kills (Heinrich and Marzluff, 1991; Marzluff and 
Heinrich, 1991; Bugnyar and Kotrschal, 2002a). Probably 
because of benefits associated with foraging, non-breeder 
groups tend to be joined by adult pairs outside the breeding 
season and/or the year round, when no breeding territories 
are available (Braun, Walsdorff, Fraser and Bugnyar, 2012). 
Focusing on two aspects of social life, competition over food 
and the use of affiliate relations or social bonds, I argue (i) 
that the social system of ravens is more complex than pre-
viously thought and (ii) that this bird species represents a 
promising case for testing the idea that sophisticated social 
strategies and cognitive skills may evolve in systems with 
a given degree of social complexity, independently of phy-
logeny.

Social aspects of food caching

 Food for thought. Imagine a flock of ravens that have just 
found a dead moose: not all birds manage to feed because 
dominants try to monopolize those parts of the carcass that 
are not covered by skin and allow them access to the meat. 
One of those dominants flies off after a few minutes with its 
throat pouch filled with meat; another raven from the crowd 
flies off in same direction, but without any food. The raven 
with food does not go far but lands behind a rock in only a 
few hundred meters distance to the carcass. There, it puts 
down its piece of meat, sticks it into a crevice and covers 
the upper part with surrounding debris; it then stretches and 
turns its head, apparently visually scanning the area, before 
it leaves the cache and flies back to the carcass. As soon as it 
has left, another raven flies out of dense trees nearby, mak-
ing a bee-line for the cache – it is the same bird that has 
left the carcass without food immediately after the dominant 
bird. Suddenly, a third raven appears - without food - from 
the direction of the food source. The raven approaching the 
cache immediately changes its direction and starts digging in 

the soil about 10m far from the actual cache. The newcomer 
lands there, displaces the digging ravens and starts digging, 
too; however, it soon gives up and flies back to the carcass. 
The remaining raven now flies directly to the cache, recovers 
the food and leaves with it in another direction.

 Such a scenario is typical for group foraging ravens. When 
faced with competition for a large food source, they hardly 
eat but carry off consecutive loads of food for scatter hoard-
ing at a moderate distance to the feeding site (Heinrich and 
Pepper, 1998). Other ravens may try to find and pilfer those 
caches, apparently taking into account the behavior of the 
cacher as well as the behavior of other potential pilferers. 
The competition for hidden food thus results in seemingly 
sophisticated maneuvers and counter-maneuvers from both, 
cachers and pilferers (Bugnyar and Kotrschal, 2002b).

 Competition over hidden food. Caching of food for lat-
er consumption is a behavioral trait found in most corvids 
(ravens, crows, magpies and jays; de Kort, Tebbich, Dally, 
Emery and Clayton, 2006). As short-term cachers, ravens 
typically recover the food within a few hours up to a few 
days after the caches have been made. Notably, they tend 
to return to their caches when the other ravens have left the 
scene (Heinrich and Pepper, 1998). For group-foraging ra-
vens, food caching may thus primarily reflect a strategy to 
secure food from conspecifics, rather than a strategy to save 
surplus food for later use. This stands in contrast to reports 
from some other corvids like Pinyon jays Gymnorhinus cya-
nocephalus, which routinely make caching trips in groups 
(Marzluff and Balda, 1992).

 Competition for cached food, however, has been described 
for a number of corvids and appears to be based on memory 
for observed caches (Bednekoff and Balda, 1996a,b; Emery 
and Clayton, 2001). Experiments on captive ravens reveal 
that success in finding others’ caches is directly linked to 
the opportunity of observing them being made (Heinrich 
and Pepper, 1998; Bugnyar and Kotrschal, 2002b), where-
as olfactory cues play no or only a minor role in locating 
hidden food (compare Harriman and Berger, 1986). This is 
corroborated by the fact that ravens have little problems in 
remembering up to 25 observed caches (Braun and Bugnyar, 
unpubl. data) and their memory for observed caches seems 
excellent for at least 24 hours (Heinrich and Pepper, 1998). 
Given that pilferers need to observe others making caches to 
be able to learn about the exact locations, pilfering is rarely 
a by-product of caching activities. Instead, ravens face the 
decision whether to try to get food directly from the source 
or to follow others leaving for caching to get a chance for 
pilfering (as described in the example above). Their choices 
can be modeled as a producer-scrounger game (Giraldeau 
and Caraco, 2000), with individuals caching food they got 
from the carcass acting as producers and those pilfering 
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caches from others acting as scroungers. Importantly, the 
roles of individual birds are not fixed but may change flex-
ibly between rounds, e.g. from being the producer/cacher at 
one occasion to being the scrounger/pilferer at another occa-
sion (Bugnyar and Kotrschal, 2002a,b).

 Clearly, pilfering imposes high costs to cachers, as any 
benefit of storing food is diminished when the food gets sto-
len before it can be recovered (Andersson and Krebs, 1978). 
One possibility to deal with the problem is to reduce the 
risk of being observed (see Vander Waal and Jenkins, 2003, 
for alternatives). Indeed, ravens engage in several counter-
tactics such as increasing the distance to conspecifics for 
caching and using obstacles to hide from view (Bugnyar and 
Kotrschal, 2002b). They may also come back and quickly 
retrieve and/or aggressively defend their caches when other 
ravens come close. Interestingly, they do this specifically 
with birds that have been in the vicinity at the time of cach-
ing, whereas they refrain from going back to their caches 
with birds that came later (Bugnyar and Heinrich, 2005). 
Similar skills have been described for Western scrub jays 
Aphelocoma californica (Emery and Clayton, 2001; Dally, 
Emery and Clayton, 2005, 2006) and Clark’s nutcrackers 
Nucifraga columbiana (Clary and Kelly, 2011), indicating 
that paying attention to others at caching is key for proper 
cache protection in corvids.

 Interestingly, similar arguments can be put forward for 
birds acting as pilferers. On one hand, ravens behave incon-
spicuously: they observe others caching from a distance and 
wait for the cachers to leave before they start a pilfering at-
tempt (Bugnyar and Kotrschal, 2002b). This suggests that 
they are capable of controlling their intention and do not ap-
proach the desired food immediately, effectively avoiding 
any cache defense by the storer. On the other hand, they may 
also pay attention to other ravens in their vicinity and adjust 
their timing of pilfering depending on whether or not those 
potential competitors were present at caching. Specifically, 
they quickly attempt pilfering when others were around be-
fore but refrain from approaching the cache when others 
came later (Bugnyar and Heinrich, 2005). Finally, if caught 
in act by the cacher or a (dominant) competitor, pilferers 
may engage in displacement behaviors like digging in the 
soil or manipulating objects (Heinrich, 1999; Bugnyar and 
Heinrich, 2006), which may function to lead others away 
from the actual cache (Bugnyar and Kotrschal, 2004). To my 
knowledge, surprisingly little is known about the behavior 
of pilferers in corvids other than ravens. Aside of some anec-
dotal reports (e.g. Clayton & Emery, 2004; Källander, 2007), 
I am not aware of any experimental studies.

 Does competition over hidden food select for advanced 
cognition? Under naturalistic set-ups, both cachers and pil-
ferers engage in behavioral maneuvers that function to de-

ceive others, i.e. they conceal information (e.g. by hiding 
outside view) and provide false information (e.g. by dis-
tracting others from the cache location). Cognitively, such 
deceptive maneuvers may be based on advanced skills like 
episodic-like memory for particular individuals (‘who has 
been around when and where’; Dally, Emery and Clayton, 
2006) and, possibly, even perspective taking and knowledge 
attribution (‘that particular individual has or has not seen 
the cache and thus is knowledgeable or ignorant about its 
location’; Bugnyar and Heinrich, 2005; Clayton, Dally and 
Emery, 2007). Alternatively, these behaviors could be inter-
preted as orienting on behavioral cues and/or following a 
combination of learned rules (‘that particular individual was 
present at time of caching and thus likely pilfers caches’; e.g. 
Penn and Povinelli, 2007).

 In the last few years, I conducted a series of experiments 
to distinguish between these interpretations. Specifically, I 
focused on the ravens’ knowledge about others when they 
act as pilferers (Table 1). This allowed me to use a human 
experimenter as cacher and thereby effectively control vari-
ables such as the number and location of caches and the exact 
use of cover material in the experiments (Table 2). Test sub-
jects were always bystanders at two caching events which, 
after some delay, were confronted with competitors with the 
same, less, or no information about the caches (achieved 
by being also a bystander at both caches, one of the caches, 
or none of the caches; Figure 1a,b). Results revealed that 
birds could instantly (first trial) differentiate between com-
petitors: they quickly approached either of the caches when 
confronted with conspecifics that were informed about both 
locations, whereas they selectively chose which cache to 
pilfer first when confronted with competitors that could see 
only one of the caches being made. Note that the focal sub-
ject always got a head start and the cover material was al-
ways placed in a way that all but the focal subject could see 
the food in the caches at the time of testing (Figure 1a,b), 
rendering the possibility of behavioral or emotional cueing 
from competitors unlikely (Table 2). These findings support 
the hypothesis that ravens can remember who was visually 
present at which caching events and that they can relate the 
presence at caching with a high risk of subsequent pilfering 
(Bugnyar, 2011).

 In a next step, I tried to disentangle whether ravens base 
their pilfer decisions on their own perspective or, to some 
extent, also on the other’s perspective. Now, bystanders 
were trained to sit on a perch behind an opaque curtain that 
was either intact or partially intact, i.e. a window was cut 
out in the upper part at the height of the perch. In the intact 
condition, the curtain prevented the subject from watching 
the caching but also other bystanders from seeing their com-
petitor; in the partially intact condition, the curtain still pre-
vented the subject from seeing the caches being made but the 
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view of other bystanders was not affected, i.e. they could see 
the competitor (Figure 2a). In a third condition, the curtain 
was pulled up so that the subject could watch the caching 
and bystanders could see the competitor. As in the previous 
experiment, two caches were made by a human experiment-
er and the tested raven got a head start in pilfering the caches 
in the presence of one of two possible competitors, observer 
of cache 1 or observer of cache 2 (Table 1, 2). Note that 
the curtain was always pulled up and competitor positioned 
on the ground during testing (Figure 2b). As in the previous 
study, the ravens instantly (first trial) matched the caches to 
the competitors, i.e. they pilfered cache 1 with observer of 
cache 1 and cache 2 with observer of cache 2. Interestingly, 
they did so only when the curtain was up at caching, i.e. the 
other raven could actually see the cache being made. In the 
partially intact curtain condition, in contrast, they did not 
show any preference for pilfering a particular cache first, 
performing similar to the intact curtain condition. Critically, 
in the partially intact condition the test subject could see the 
competitor at caching but the competitor’s view towards 
the cache was blocked. This supports the assumption that 

ravens base their choices not only on the memory of their 
own perspective (‘whom they could see at caching’) but they 
seemingly also take aspects of the other’s perspective into 
account (‘what the other could see at caching’). 

 Although the result of the last experiment is in line with 
the argument that maneuvers at food caching/pilfering can 
be explained with sophisticated cognition, it does not require 
full attribution skills, i.e. a Theory of Mind in the human 

Table 1. Overview of the studies designed to test for the ravens’ ability to differentiate between competitors with different 
visual experience at caching. The experiments follow a similar procedure but increase in complexity. 

Task

Discriminate 
observers from 
non-observers

Description

Observers: individuals 
are present at caching, 
they have full view towards 
caches and are in full view 
of focal subject; 
Non-observers: individuals 
are present at caching but 
their view is blocked by 
opaque curtain; they are 
audible but not visible to 
focal subject

Prediction

Time to pilfer caches is reduced 
with observers as compared to 
non-observers

Interpretation

Remember individuals 
that were visible at caching

Discriminate 
observers of 
cache 1 from 
observers of 
cache 2

Observers of cache 1 and 2: 
individuals are present at 
the making of cache 1 and 2, 
respectively; they have full 
visual access to caching room 
and are in full view of the focal 
subject

Control: non-observer; 
defined as above

Selectivity in pilfering: take cache 
1 with observer 1 and cache 2 with 
observer 2

No preference with non-observer

Remember which individual 
was present at which caching 
event

Discriminate 
observers of 
cache 1 from 
observers of 
cache 2 when 
their view 
towards caches 
is/is not blocked

As above, but two conditions: 
one allows observers to see 
the caches (curtain up), 
whereas the other does not 
(curtain with window down); 
observers are always in full 
view of the focal subject

High selectivity in pilfering: only 
when observers could see the 
making of caches (curtain was up), 
focal subjects take cache 1 with 
observer 1 and cache 2 with 
observer 2

No preference with manipulated 
curtain; treat observers 1 and 2 
similar as non-observers

Remember which individual was 
present at which caching event 
and could potentially ʻseeʼ the 
cache being made

Use of human experimenter 
as cacher

Description Objective

To control number of caches, timing and location 
of caches and positioning of cover material

Head start of focal subject at 
testing

To control for possibility that focal subject bases 
its choice on initial movements of competitor 

Positioning of cover material 
by experimenter: allows any 
competitor bird to see both 
food pieces in caches at testing

To control for preferred gaze directions, body 
orientations and general level of arousal of 
competitors; note that due to this procedure, 
each competitor had full knowledge about 
cache locations at testing, irrespective of its role 
at caching (observer 1, 2, non-observer)

Table 2. Overview of the control procedures implemented in 
the described studies. 
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sense (compare Povinelli and Vonk, 2003; Penn and Povi-
nelli, 2007). For instance, the birds could have tracked the 
other’s line of sight behind the curtain and, on this basis, in-
ferred their ‘knowledge state’ and risk of pilfering (Bugnyar, 
2011). Indeed, experiments on gaze following showed that 
ravens are skilled in following other’s line of sight behind vi-
sual barriers (Bugnyar, Stöwe and Heinrich, 2004; Schloegl, 
Kotrschal and Bugnyar, 2007). Even more parsimonious 
would be the explanation that birds could have used subtle 
behavioral cues like head or body orientation to judge the 
other’s subsequent behavior. Although we attempted to con-
trol for such cues as much as possible at testing (i.e. by mak-
ing both food pieces visible to the competitor; Table 2), this 
interpretation cannot be fully ruled out for the observation 
phase at caching. However, we explicitly tested for the use 
of gaze direction (defined as head and eye orientation) in an-
other series of experiments involving the same individuals. 

Results of those studies were clear-cut: ravens naïve about a 
cache location were not able to learn to use gaze cues given 
by a conspecific and a human experimenter, respectively, in 
> 100 trials (Schloegl, Kotrschal and Bugnyar, 2008). 

 Finally, the ravens’ excellent performance in the pilfer set-
up cannot be explained by simple emotional and behavioral 
rules, which have recently been used successfully to model 
some cache protection skills (van der Vaart, Verbrugge and 
Hemelrijk, 2012). So far, these models cannot distinguish 
between different observers (‘who has watched when’). 

Figure 1. Sketch of the experimental set-up A. during 
caching and B. during testing. A. Two ravens can observe 
a human experimenter making caches. Whereas the focal 
subject (F) is present at both caching events (i, ii), the 
identity of potential competitors switches between caching 
events (O1 = observer of cache 1; O2 = observer of cache 
2). B. At testing, one of the two potential competitors (O1 
or O2) is present and the focal subject (F) gets a head start 
for pilfering (symbolized by arrow with full line). Note that 
the skewed positioning of the covers on the caches allows 
the competitor to see either of the ‘hidden’ food pieces 
(symbolized by arrows with broken lines).

A

B

Figure 2. Sketch of the modified experimental set-up 
designed to dissociate the focal subject’s view from the view 
of its competitors. A. Potential competitors for pilfering 
(O1= bystander at cache 1, O2 = bystander at cache 2) are 
sitting on a perch. In the partially intact condition, a curtain 
is pulled down, blocking the competitors’ view towards the 
caches. However, the window in the upper part of the curtain 
ensures that the focal subject (F) can see the competitor at 
caching. B. At testing, the curtain is always pulled up and 
one of the competitors (O1 or O2) is sitting on the ground, 
next to the wire mesh. Arrows with broken lines symbolize 
gaze direction; arrow with full line symbolize head start of 
the focal subject.

A

B
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Moreover, they are based on the assumption that recovery 
rates of cachers are mediated by their arousal state, which 
in turn is affected by being observed. Unfortunately, nothing 
is known about the arousal state of bystanders that simply 
watch other bystanders at caching as was the case in the cur-
rent experiments focusing on pilferers.

 Taken together, ravens instantly differentiate between 
competitors with different knowledge states about food 
caches in several experiments. They likely remember who 
was present at which caching event and choose their be-
havioral strategies accordingly. Moreover, pilferers seem 
to be able to judge the other’s perspective by taking details 
of the other’s visual behavior into account, like its line of 
sight and its position relative to optical barriers. These find-
ings support the assumption that maneuvers seen at pilfering 
are based on advanced socio-cognitive skills and may rep-
resent the first building blocks of abilities that go together 
with a ‘Theory of Mind’ in humans (Premack and Wood-
ruff, 1978). Finally, our findings fit with recent results from 
Western scrub jays (Dally, Emery and Clayton, 2006) and 
chimpanzees Pan troglodytes (Hare, Call, Agnetta and To-
masello, 2000; Hare, Call and Tomasello, 2001), support-
ing the assumption that similar socio-cognitive skills have 
evolved convergently in some mammals and birds (Emery 
and Clayton, 2004). Still, we have to bear in mind that none 
of these studies provide unequivocal evidence for mental 
attribution (Penn and Povinelli, 2007; Shettleworth, 2010). 
The current studies on ravens are one of the first to reject the 
possibility that individuals merely associate what they have 
seen (i.e. the presence/absence of given individuals) with a 
high or low chance of competitively retrieving food (see also 
Bräuer, Call and Tomasello, 2007). Yet, there is much room 
for interpretation (Lurz, 2011) and further studies are needed 
to clarify which cognitive mechanisms non-human animals 
use for differentiating between ‘knowers’ and ‘guessers’. 

 How do ravens acquire their sophisticated knowledge 
about others at caching/pilfering? Given the numerous 
variables ravens have to consider for appropriate caching 
and successful pilfering, it not surprising to find strong evi-
dence for learning, particularly during the first year of life 
(Bugnyar, Stöwe and Heinrich, 2007). However, making 
mistakes with food is costly: specifically when parents re-
duce the provisioning, young birds that loose their cached 
food to others may remain hungry. Interestingly, up to half 
of the caches made in the first months of life contain non-
edible items only. These object caches are camouflaged in a 
similar way as food caches and readily elicit pilfer responses 
of other ravens (Bugnyar, Stöwe and Heinrich, 2007). Con-
trary to food caching, birds do not improve in object caching 
over time. Instead, they continue to show a high variation in 
when they make object caches and where they place them. 
For instance, birds could wait for a conspecific to approach 

and place an object cache directly in front of it or they could 
leave with an object and cache it far away/outside view 
from the other, as if to test the other’s response. Ravens also 
show this variation with unfamiliar human experimenters 
providing the birds with colored small objects, particularly 
during their first encounters (Bugnyar, Schwab, Schloegl, 
Kotrschal and Heinrich, 2007).  When these human experi-
menters were instructed to behave towards the object caches 
in one of two ways, i.e. pilfer or just look at them, the ravens 
quickly learned to differentiate between ‘efficient’ and ‘non-
efficient’ human pilferers of object caches. Importantly, they 
used this information only when caching food, i.e. they pro-
tected their food caches from ‘efficient’ pilferers but not from 
‘non-efficient’ ones (Bugnyar, Schwab, Schloegl, Kotrschal 
and Heinrich, 2007). Playful caching of objects may thus 
represent a way of acquiring information about others, i.e. 
their behaviors at caching and/or pilfering, without the risk 
of losing precious food.

 When taking a broad look at the ontogeny of cache pro-
tection and pilfering skills, two further points become ap-
parent: first, it takes ravens a relatively long time to show 
full flexibility in their maneuvers, i.e. in appropriately us-
ing the learned information for deceiving others. Moreover, 
clear signs of concealment (hiding from view) come almost 
at same age in all subjects, hinting towards a developmen-
tal step (Bugnyar, Stöwe and Heinrich, 2007), possibly for 
controlling intentions. A similar age effect was found in 
the development of geometrical gaze following (Schloegl, 
Kotrschal and Bugnyar, 2007), indicating that the ability 
of tracking the other’s line of sight develops in close con-
tinuity with the ability of hiding from view. Secondly, ra-
vens continue to play caching/pilfering with objects for 
years (Bugnyar, Schwab, Schloegl, Kotrschal and Heinrich, 
2007). Possibly life in non-breeder groups with a high de-
gree of fission-fusion dynamics require them to repeatedly 
learn about unfamiliar individuals and/or update informa-
tion about hardly familiar individuals. In any case, it may 
indicate that ravens build up knowledge about others, often 
over years. The question then is how much they can use this 
information in daily life situations other than competition for 
caches?

Life in non-breeder groups: 
association patterns and social bonds 

 Anonymous aggregations or individualized societies? 
Ravens assembling at large food sources, like the moose car-
cass in the example above, could represent an anonymous 
crowd (Heinrich, 1988). However, birds of a given area 
regularly meet at nocturnal roosts, which they may use as 
information centers (Marzluff, Heinrich and Marzluff, 1996; 
Wright, Stone and Brown, 2003). Thus, it could be that (at 
least some) birds are quite familiar to one another. Prelimi-
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nary support for this assumption comes from recent findings 
of subgroups with different foraging strategies (Dall and 
Wright, 2009), whereby ravens using the same roost tend to 
search for food together (Wright, Stone and Brown, 2003; 
but see Heinrich, Kaye, Knight and Schaumburg, 1994). 

 At our own study site in the Austrian Alps, we even find 
temporarily- stable elements in non-breeder groups (Braun, 
Walsdorff, Fraser and Bugnyar, 2012; Braun and Bugnyar, 
in press). About one third of 200 individually-marked ra-
vens develop a preference for particular foraging areas, us-
ing them almost on a daily basis. The majority of the marked 
population visits these areas from time to time, spending 
a few days up to months in the valley around the foraging 
sites. Together, this results in a moderate fluctuation in the 
composition of the foraging groups across months. Still, the 
non-breeders show a high degree of fission-fusion dynamics 
over the day, forming large groups for foraging and roosting 
but small groups of different composition for the rest of the 
day (Braun, Walsdorff, Fraser and Bugnyar, 2012).

 Specifically in these small groups, ravens engage in a range 
of socio-positive behaviors. They may share and offer food 
or, in a playful manner, show and offer non-food items (Pika 
and Bugnyar, 2011); they may sit in close contact (within 
reach of the other’s beak) and engage in reciprocal allo-
preening (analogue to grooming in primates) with particular 
individuals over extended time periods (Figure 3). This fits 
with reports from captive colonies (Lorenz, 1935; Gwinner, 
1964; Heinrich, 1999) and suggests that ravens form affili-
ate relationships or social bonds. Importantly, such social 
bonds are not restricted to reproduction (mated pairs) but 
can be found in all age classes (juveniles in their first year, 
subadult and adults), between and within sexes and, to some 
extent, also between siblings of the same clutch (Fraser and 

Bugnyar, 2010a; Loretto, Fraser and Bugnyar, 2012; Braun 
and Bugnyar, in press) 

 Role of social bonds. Having affiliates or bonding part-
ners may pay off in various ways. Notably, it increases the 
individuals’ access to food. Under field conditions, this is 
true for both partners, irrespective of their sex and age class 
(Braun and Bugnyar, in press). In experiments with captive 
birds, the presence of bonded individuals (siblings, friends) 
affects the time spent in exploring new objects (Stöwe et al., 
2006), the amount of attention paid to others (Scheid, Range 
and Bugnyar, 2007) and the likelihood of social learning 
(Schwab, Bugnyar, Schloegl and Kotrschal, 2008). Interest-
ingly, ravens do not have many bonds simultaneously but 
focus on one up to a few partners at a time. However, bond-
ing intensity and partners may change across seasons and 
years (Braun and Bugnyar, in press). Birds spending several 
years in non-breeder groups may thus end up with a decent 
number of affiliated individuals. Recent studies on captive 
ravens indicate excellent memory not only for former group 
members but also for the relationship valence they had with 
those individuals. Birds that were kept in one social group 
for two years responded differently to playbacks of calls 
from former affiliates and non-affiliates three years later 
(Boeckle and Bugnyar, 2012).

 How comparable are avian social bonds to the primate/
mammalian concept of bonds? Corvid social bonds re-
flect the content, quality and pattern of interactions over 
time (Emery, Seed, von Bayern and Clayton, 2007), fitting 
Hinde’s (1976) definition of social relationship. Following 
the theoretical framework of Cords and Aureli (2000), indi-
vidual variation in relationship quality may be characterized 
by three main components: value, compatibility, and secu-
rity. Interestingly, we found three main components describ-
ing the relationship quality of ravens (Fraser and Bugnyar, 
2010a). Notably, these components were almost identical to 
those found in chimpanzees (Fraser, Stahl and Aureli, 2008) 
and, accordingly, they were labeled as value, compatibility 
and security. Kinship and sex combination had different ef-
fects on the components: kin relations were of high value, 
whereas male-male and male-female relations were more 
stable and secure than female-female relations, at least in 
this group of captive birds (Fraser and Bugnyar, 2010a).

 As in primates (Fraser, Stahl and Aureli, 2008; Fraser, 
Koski, Wittig and Aureli, 2009), the components of rela-
tionship quality are a good predictor for the ravens’ behav-
ior during and after conflicts (Fraser and Bugnyar, 2010b, 
2011, 2012). Birds may provide help in ongoing conflicts 
by joining others in fights and/or chases, whereby they tend 
to support their kin and those who preened them and helped 
them before (Fraser and Bugnyar, 2012). Ravens may also 
show post-conflict behavior when they were engaged in the 

Figure 3. An illustration of ravens engaging in preening, 
which is an analogue to grooming in primates. Photo by 
C. Schloegl
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conflict themselves but also when they were just bystand-
ers. Reconciliation between former opponents is expected 
to occur when those individuals share a valuable relation-
ship (Aureli and de Waal, 2000). Ravens do show this pat-
tern (Fraser and Bugnyar, 2011) but not in all studies (Fraser 
and Bugnyar, 2010b), probably due to the rare occurrence of 
conflicts between close affiliates. Much more often than rec-
onciliation, bystander affiliation can be observed. Notably, 
if victims of aggression share a valuable relationship with 
one of the bystanders, they may seek its affiliation or ac-
tively get approached by that bystander for affiliate contacts 
(Fraser and Bugnyar, 2010b; see Seed, Clayton and Emery, 
2007 for a similar findings in rooks, Corvus frugilegus). By 
initiating bystander affiliation, victims may try to protect 
themselves from any renewed aggression. In contrast, when 
a third party initiates affiliation, this usually follows a severe 
conflict (Fraser and Bugnyar, 2010b). Importantly, in those 
cases the value of the relationship between the bystander and 
the victim of aggression is higher than the value of the re-
lationship between the bystander and the aggressor, indicat-
ing that the affiliate behavior towards the victim may serve 
as consolation rather than as a form of mediated reconcili-
ation (compare Wittig, Crockford, Wikberg, Seyfarth, and 
Cheney, 2007; Fraser, Koski, Wittig and Aureli, 2009). Fur-
thermore, we found no signs of incompatibility or insecurity 
in the relationship between the bystander and the victim of 
aggression, suggesting that there is no need for the bystander 
to protect itself from redirection of conflicts by the victim 
(compare Koski and Sterck, 2007). 

Synopsis

 Recent research on wild and captive ravens allows us to 
identify two lines of potential driving forces for evolution 
of cognitive skills in this bird species, (i) competition over 
food caches and (ii) forming and maintaining social bonds. 
The former may go together with improved inhibition skills 
(control of intentions) and the deceptive use of social knowl-
edge (e.g. when/from whom to hide). Moreover, competition 
for hidden food likely results in elements of perspective tak-
ing (in the sense of understanding visual barriers, project-
ing other’s line of site) and, possibly, attribution skills (in 
the sense of remembering who could and could not see the 
caching). Although our understanding of the social structure 
of avian groups with high degrees of fission-fusion dynam-
ics and seasonal patterns in group composition is still rudi-
mentary, it appears safe to say that raven non-breeder groups 
are structured by different forms of social relationships. 
Notably, birds form social bonds not only for reproduction; 
they can be found in several age classes, probably because 
bonded individuals serve as cooperation partners for gaining 
status and/or access to resources. The quality of raven social 
relationships resembles that reported for chimpanzees and, 

similar to mammals, the value of their bonds becomes appar-
ent in alliance formation and conflict management. Hence, 
similar socio-cognitive skills may evolve independently of 
phylogeny in systems with a given degree of social com-
plexity.

 Relating these findings back to the arguments raised in 
the introduction, we may end up with the problem of how 
to classify species like ravens in the social spectrum? This 
question seems critical for any comparisons involving high-
ly mobile species like birds that may spend time in smaller 
and larger groups depending on season and/or their stage in 
life history. Clearly, using breeding system (e.g. Iwaniuk 
and Arnold, 2004) or mean foraging group size (e.g. Emery, 
2006) as proxi for complexity does not cover the full picture. 
Taking aspects of relationship quality such as a long-term 
pair bond into account (e.g. Dunbar and Shultz, 2007; Em-
ery, Seed, von Bayern and Clayton, 2007) has been a step 
forward; understanding how many individuals are dealt with 
on a personal basis and what type of relationships are im-
portant in what context and/or period of life seem to be the 
next logical steps. Characterizing the ‘complexity’ of social 
systems in more than one dimension may thus be a possible 
solution to our problem.

 Research on social cognition has already gained much 
from broadening the focus to species outside of primates 
(e.g. McComb, Moss, Sayialel and Baker, 2000; Holekamp, 
Sakai and Lundrigan, 2007), as this allows testing assump-
tions independently of phylogeny. The value of including an 
even broader range of species into the picture, notably those 
classified as moderately social, is that it may allow us to re-
fine our current models and may help to specify what aspects 
of social life select for which type of socio-cognitive skills.
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