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Summary 
 

Studies on the evolution of language and cognition focused traditionally on our 

closest living relatives – the great apes – following a divergent approach. However, the 

comparison of cognitive processes among more distantly related species, such as birds and 

mammals might shed light into the question why and how humans have evolved such unique 

cognitive skills. In the last decades, scholars started focusing on distantly related species, for 

example corvids. Corvids are known for their advanced cognitive abilities but also for their 

flexible communicative skills. Ravens and crows are renowned to possess social cognitive 

abilities that are on par with the skills of great apes. Ravens are known to tactically deceive 

conspecifics, reconcile with- and console valuable partners, remember former group mates 

and their relationship with them over years, understand third-party relations, and use such 

understanding to prevent others from forming too strong alliances. Furthermore, recently it 

has been shown, that ravens not only vocalise to communicate, but also use gestures as 

communicative means. However, little is known about the ontogeny of these communicative 

means and the underlying cognitive abilities. Development is a key mechanism of evolution. 

Using a comparative developmental approach can aid to shed light into the nature of 

cognitive skills and their origins.  

In my doctoral thesis I examined the ontogeny of communication and cognition of 

ravens (Corvus corax) and carrion crows (Corvus corone corone). To unravel developmental 

trajectories, I tested and observed crows and ravens during the first 1½ years of life. In the 

course of my PhD I combined observations of the birds’ behaviour and communication, 

manipulation of the social situation (inducing a tense feeding condition to enhance conflict 

and post-conflict behaviour), and testing the birds in a comprehensive test battery to assess 

possible developmental milestones and compare them directly with great apes. To ensure 

comparability across species, the thesis was based on methods developed by scholars 

investigating communicative and cognitive development of human and non-human primates. 

Moreover I got the opportunity to include corresponding data of the performance of great 

apes in the test battery, which enabled an even more detailed comparison.    

The major results of my thesis are summarised below: 

In Chapter II I revealed reconciliatory behaviour in carrion crows. Former studies on 

corvids’ post- conflict behaviour only found third party affiliation, but not reconciliation 

between former combatants (except studies on ravens). In my study I tested, if ravens are 
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really outstanding regarding their post-conflict behaviour or if other factors influence the 

incidence of reconciliation. To do so, I confronted sub-adult carrion crows throughout their 

first 1½ years of life, with a tense feeding situation to enhance conflict and- post conflict 

behaviour. I revealed for the first time, that within the corvid species, not only ravens possess 

the ability for reconciliation but that the social relationships structure impacts on the 

occurrence of this ability. The strategy of reconciliation thus represented a crucial post‐

conflict behaviour in crows during development where knowledge about individuals is gained 

and social relationships are negotiated. 

In Chapter III I compiled, for the first time the gestural repertoire of a bird species, 

in this case ravens, by applying the methods from non-human primate gestural research. 

Furthermore I conducted the study throughout the first 1½ years of life to reveal possible 

developmental milestones. The ravens used twelve different gestures in a flexible way and 

produced gestures more often intentionally than displays. One major finding of the study was 

that although repertoire size increased with age, distinct developmental milestones could not 

be assigned. A rapid development of gestures within the first 4 months of life might increase 

the fitness of the birds by enhancing cooperation between alliance partners, during e.g. search 

for food after aggregating into non-breeder flocks. 

In Chapter IV I conducted a comprehensive cognitive test battery based on a study 

on great apes and humans. I tested ravens in nine physical and six social tasks four times 

throughout the first 1½ years of life to reveal possible developmental milestones. 

Incorporating the data from the great apes of the original study, allowed me to reveal 

cognitive similarities and differences between great apes and the “feathered apes”. Ravens 

performed on par with the great apes in most of the social cognitive tasks and in some 

physical cognitive tasks. Furthermore I did not find differences between the physical and the 

social domain within the ravens, suggesting a possible general intelligence rather than 

domain specificity. Concerning development, I did not find an increase throughout the testing 

period, which suggests a rapid development of cognitive skills within the first 4 months of 

life (before testing started). To master and engage with this socially complex environment it 

thus may be adaptive to develop advanced cognitive and communicative skills already at a 

relatively young age. Furthermore physical cognitive skills need to be developed when the 

ravens leave their parents to successfully access food.  

Overall, my thesis provides hitherto undocumented evidence how and when 

development impacts on communicative and cognitive abilities and social behaviour in 
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corvid species. Furthermore I present that a rapid development of specific skills is linked to a 

complex social environment and the life history of the birds, which leave their parents early 

to aggregate in non-breeder flocks. With my work I hope to have stimulated future studies to 

also adopt a more biocentric view of the evolution of cognition and communication. 

Moreover, future comparative research on cognitive and communicative abilities should 

comprise a developmental approach to test how ecology and social structure of a species 

shapes their skills.  
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Zusammenfassung 
 

Studien zur Evolution der Sprache und Intelligenz beschäftigen sich meistens mit 

unsere nächsten Verwandten – die Menschenaffen. Der Vergleich von kognitiven Prozessen 

zwischen weit entfernt verwandten Arten wie Vögel und Säugetiere könnte jedoch 

Aufschluss darüber geben, warum und wie Menschen ihre einzigartigen kognitiven 

Fähigkeiten entwickelt haben. In den letzten Jahren begannen Wissenschaftler sich immer 

mehr für weit entfernte Arten zu interessieren, unter anderem Rabenvögel (Corvidae). 

Corvidae sind bekannt für ihre komplexen kognitiven Fähigkeiten, aber auch für ihre flexible 

Kommunikation wie zB. lokale Dialekte. Raben (Corvus corax) und Aaskrähen (Corvus 

corone corone) besitzen kognitive Fähigkeiten, die vergleichbar mit denen von 

Menschenaffen sind. Raben können täuschen, sich versöhnen und trösten, sie erinnern sich an 

Gruppenmitglieder und Beziehungen zu einander über Jahre und verstehen Beziehungen 

zwischen anderen Individuen. Zusätzlich ist bekannt, dass Raben nicht nur mit ihrer Stimme 

sondern auch mit Hilfe von Gesten kommunizieren. Jedoch ist wenig über die Entwicklung 

von kommunikativen und kognitiven Fähigkeiten bekannt.  

Im Zuge meiner Doktorarbeit untersuchte ich die Entwicklung von Kommunikation 

und Kognition in Raben und Krähen. Hierfür testete und beobachtete ich Raben und Krähen 

in ihren ersten 1½ Lebensjahren. Im Zuge meiner Doktorarbeit wendete ich eine Mischung 

aus verschiedenen Methoden an: Beobachtungen von Verhalten und Kommunikation, 

Manipulation der sozialen Situation (induzieren einer angespannten Futtersituation um 

Konflikte zu verstärken und Verhalten nach Konflikten auszulösen), und Testung von Vögeln 

in einer umfassenden Testbatterie um kognitive Meilensteine zu erforschen. Um einen 

direkten Vergleich mit anderen Arten zu ermöglichen, benutzte ich Methoden die von 

Wissenschaftlern entwickelt wurden die kommunikative und kognitive Fähigkeiten von 

Menschen und Menschenaffen erforschen. Zusätzlich bekam ich die Möglichkeit, Daten aus 

einer anderen Studie heranzuziehen, in der die Testbatterie an Menschenaffen durchgeführt 

wurde. Dies ermöglichte mir einen detaillierten Vergleich zwischen den Arten.  

Die wichtigsten Ergebnisse habe ich in den folgenden Abschnitt zusammengefasst: 

In Kapitel II  erforschte ich Versöhnen zwischen Aaskrähen. Bisherige Studien an 

Verhalten nach Konflikten in Corvidae konnten meistens nur Trösten zeigen und nicht 

Versöhnen (außer bei Raben). In meiner Studie testete ich die These ob innerhalb der 

Corvidae, Raben wirklich einzigartig bezüglich des Verhaltens nach Konflikten sind oder ob 
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andere Faktoren das Auftreten von Versöhnen erklären. Hierfür konfrontierte ich junge 

Aaskrähen währen ihren ersten 1½ Lebensjahren mit einer angespannten Futtersituation um 

Konflikte und Verhalten nach Konflikten auszulösen. Ich konnte zeigen, dass innerhalb der 

Corvidae nicht nur Raben die Fähigkeit von Versöhnen zeigen, sondern dass die 

Sozialstrukturen das Auftreten dieser Fähigkeiten beeinflussen.  

In Kapitel III erstellte ich ein Gestenrepertoire von Raben mit Hilfe von Methoden 

aus der Primaten-Gestenforschung. Zusätzlich führte ich die Studie während den  ersten 1½ 

Lebensjahren der Raben durch um mögliche Meilensteine der Entwicklung zu zeigen. Die 

Raben in meiner Studie benutzen zwölf verschiedene Gesten flexibel und produzierten 

Gesten öfter intentional als Displays. Ein wichtiges Ergebnis dieser Studie war, dass obwohl 

die Repertoiregröße der Signale über die Entwicklung zunahm, konnte ich keine 

Veränderung bezüglich der intentionalen Produktion zeigen. Eine schnelle Entwicklung von 

Gesten könnte die Fitness der Vögel stärken da es Kooperation mit Allianzpartner erleichtert 

während zB. der Futtersuche.  

In Kapitel IV führte ich eine umfassende kognitive Testbatterie durch, basierend auf 

einer Studie an Menschenaffen und Menschen. Ich testete Raben vier Mal in neun physischen 

und sechs sozialen Aufgaben in ihren ersten 1½ Lebensjahren um mögliche Meilensteine der 

Entwicklung aufzuzeigen. Das Einbeziehen der Daten von den Menschenaffen ermöglichte 

mir Unterschiede und Ähnlichkeiten zwischen Menschaffen und „gefiederte Menschenaffen“ 

zu erforschen. Die Raben schnitten vergleichbar wie die Menschenaffen in den meisten 

sozialen Aufgaben und in einige physische Aufgaben ab. Zusätzlich konnte ich keinen 

Unterschied zwischen der sozialen und der physischen Fähigkeiten der Raben feststellen. 

Dies deutet auf eine generelle Intelligenz hin und nicht auf eine domänenspezifische 

Intelligenz. Bezüglich der Entwicklung konnte ich keine Veränderung während des 

Testzeitraumes feststellen. Dies weist auf eine schnelle Entwicklung in den ersten 

Lebensmonaten der Raben hin. Um mit einer komplexen sozialen Umgebung umzugehen, 

scheint es notwendig zu sein, umfassende kognitive und kommunikative Fähigkeiten sehr 

früh zu entwickeln.  

Zusammengefasst beinhaltet meine Arbeit bislang nicht dokumentierte Ergebnisse 

wann und wie sich kommunikative und kognitive Fähigkeiten und Sozialverhalten in 

Rabenvögeln entwickeln. Zusätzlich konnte ich aufzeigen, dass diese schnelle Entwicklung 

mit der komplexen sozialen Umgebung der Corvidae zusammenhängt. Ich hoffe, dass ich mit 

meiner Arbeit zur zukünftiger Forschung über die Evolution von Kognition und 

Kommunikation an weit verwandten Arten anrege. Artenvergleiche über kommunikative und 
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kognitive Fähigkeiten sollen auch zukünftig den Aspekt der Entwicklung berücksichtigen um 

zu testen wie Ökologie und Sozialstruktur das Können der verschiedenen Arten formt.  
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Chapter I - General Introduction 
 

 

Evolution of Cognition 
 

 “Nevertheless the difference in mind between man and the higher animals, great as it is, 

certainly is one of degree and not of kind. We have seen that the senses and intuitions, the 

various emotions and faculties, such as love, memory, attention, curiosity, imitation, reason, 

etc., of which man boasts, may be found in an incipient, or even sometimes in a well-

developed condition, in the lower animals.” 

Charles Darwin, The Descent of Man, page 86 (1871). 

 

Since Darwin’s claim, the idea that humans have a cognitive complexity well beyond 

the rest of the animal kingdom has been called into question by different researchers. 

Particularly in the last 30 years, many researchers have claimed that the traditional hallmarks 

of human cognition1, for example, complex tool use, mental state attribution, metacognition, 

analogical inferences, mental time travel, are not nearly as unique as once thought (see e.g. 

Bekoff et al. 2002; Call 2006; Clayton & Dickinson 1998; Kabadayi & Osvath 2017; Rendell 

& Whitehead 2001; Smith et al. 2003). On the contrary, some scholars claim that there is 

something qualitatively different about several human faculties, particularly those associated 

with language and a representational theory of mind2 (see e.g. Bermúdez 2003; Carruthers 

2002; Premack 2007; Suddendorf & Corballis 2007).  

To unravel the origin of human cognitive abilities and possibly human uniqueness, 

several different hypotheses have been proposed (Herrmann et al. 2007; Humphrey 1976; 

Jolly 1966; Tooby & Cosmides 1992; Shettleworth 2009). For instance, the General 

Intelligence Hypothesis (Herrmann et al. 2007 based on Spearman 1904 in humans) posits 

that cognitive skills of humans are based on their large brains relative to body size, enabling 

them to perform all kinds of cognitive operations more efficiently than other species. In 

contrast, the Adapted Intelligence Hypothesis (Shettleworth 2009; Tooby & Cosmides 

																																																								
1	Refers to the mechanisms by which individuals acquire, process, store and act on information from the environment. These 
2	Understanding the goals and intentions of others, as well as the perception and knowledge of others. 



Chapter 1 – General Introduction	

	 14	

1992) suggests that sophisticated cognitive abilities evolved as a response to distinct 

environmental challenges. Theorists within this particular mindset proposed that the 

distinctive aspects of primate cognition evolved mainly in response to the challenging 

demands of the ecological environment (the Ecological Intelligence hypothesis, Milton 

1988), or the social life of constant competition and cooperation with individuals of the social 

group (the Social Intelligence hypothesis; Byrne & Whiten 1989; Humphrey 1976; Jolly 

1966). The Social Intelligence hypothesis, inspired a tremendous research interest, with the 

majority of research focusing on the linkage between social complexity (e.g. group size) and 

intelligence (Dunbar 1998; Reader & Laland 2002). Studies in primates suggest that 

measures of social complexity indeed correlate with neocortex size and reproductive success 

(Dunbar 1992; Kudo & Dunbar 2001; Lindenfors 2005; Pawłowskil et al. 1998). In addition, 

the nature of social relationships in primates seems to relate to brain size, irrespectively of 

group stability and social dynamics (Dunbar 1992; Shultz & Dunbar 2010). Species forming 

long-term relationships and/or partnerships tend to have bigger brains than species engaging 

in short-term or seasonal relationships only (Dunbar & Shultz 2007; Emery et al. 2007; 

Shultz & Dunbar 2010). Therefore, interacting with particular individuals over time — rather 

than interacting with many individuals and/or over limited periods only — also seems to be 

highly cognitively challenging (Emery et al. 2007). Although originally applied mainly to our 

closest living relatives, the non-human primates (hereafter: primates; Byrne & Whiten 1989; 

Dunbar 1998; Jolly 1966; Reader & Laland 2002), the Social Intelligence hypothesis also 

recently inspired research attention in other taxa and species, including birds (Dunbar & 

Shultz 2007; Shultz & Dunbar 2007). The examined species are also characterised by 

sophisticated social relationships and/or long-term bonds (Dunbar & Shultz 2007; Shultz & 

Dunbar 2007). 

In the following paragraphs I will first provide some background information about 

physical and social cognition, outline the three chapters of my thesis and related research, and 

provide information about my two study species. 

 

Physical Cognition and Social Cognition 
 

Cognitive abilities can be roughly divided in two domains: physical and social 

cognition. Physical cognition encompasses how animals acquire and use information about a 

specific aspect of the physical world including space, time, and numbers (Shettleworth 2009). 

Social cognition is comprised of the processes specific to knowing and acting on information 
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about social companions, for example knowing others relationship to oneself (e.g., is he 

friend or foe, dominant or subordinate) and relationships between other individuals (e.g. are 

those two a mated pair, allies; Shettleworth 2009).  

Primates have attracted the most attention in the study of cognitive abilities due to 

their close relation to humans and their relatively large brains compared to other mammals 

(Mitchell 2016). Primates are known for their capacity for cultural transmission (e.g. 

Yamamoto et al. 2013), tool use (e.g. Boesch & Boesch 1990; Ottoni & Izar 2008), 

behavioural innovation (e.g. Reader & Laland 2002), tactical deception (e.g. Byrne & Corp 

2004) and potentially theory of mind (the ability to attribute mental states of others; e.g. 

Crockford et al. 2012).  

However, not all cognitive traits that are shared between species are the outcome of 

common evolutionary history; similarities in cognitive abilities and biases can emerge 

independently in distantly related species (Haun et al. 2010). In the last few decades the field 

of comparative cognition has broadened, revealing complex cognitive abilities in other 

vertebrate species like alliance formation or recognising third-party kin and rank relationships 

(e.g. dolphins, Tursiops truncatus; Connor 2007; Marino 2002; hyaenas, Crocuta crocuta; 

Holekamp et al. 2007; canids, Miklósi et al. 2004). Studies on bottlenose dolphins (Tursiops 

truncatus) and killer whales (Orcinus orca), for example, revealed complex behaviours like 

tool use (Krützen et al. 2014; Smolker et al. 1997) and communication of identity 

information (Janik et al. 2006). 

Amongst birds, two lineages are held up as possessing cognitive abilities comparable 

to those observed in primates (Mitchell 2016). Parrots show advanced cognitive abilities and 

are famous for prodigious vocal learning capacities (Emery 2006; Pepperberg & Pepperberg 

2009). Furthermore, Emery & Clayton (2004) provided evidence that cognitive abilities on a 

level comparable with that of the great apes has also evolved independently in corvids 

(including crows, jays, magpies and ravens), members of a distinct songbird family (Seed et 

al. 2009). They make and use tools (Weir et al. 2002), possess precursors of theory of mind 

(Bugnyar et al. 2016; Bugnyar 2011), and display analogical reasoning (Smirnova et al. 

2015) and casual reasoning (Taylor et al. 2009).  

In general, species that live within complex fission-fusion societies have to deal with 

the cognitive challenge of adjusting to dynamic social changes, resulting from the movement 

of numerous individuals in and out of groups at various times (Aureli et al. 2008). Similar 

social structures are exhibited across several distantly related species that display high levels 

of sociality and social complexity such as chimpanzees (Goodall 1986), cetaceans (Marino 
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2002), and some corvids (Emery 2004). Reconstructing the evolutionary relatedness of 

species and the presence or absence of cognitive traits may therefore help clarify when 

cognitive adaptations arose and aid in untangling the origins of human cognition. 

The present thesis will address this issue by focusing on the cognitive abilities of 

members of the corvid family, ravens (Corvus corax) and crows (Corvus corone) with a 

special focus on the following three aspects: (1) post-conflict behaviour in crows, (2) 

physical and social cognitive skills and their development in ravens, and (3) the expressive 

non-vocal repertoire of ravens. In the following section, I will provide background 

information to each chapter respectively.  

 

Post-conflict behaviour 
 
  Social cognition comprises social perception and interaction, including, for instance, 

knowledge of social relationships, alliance formation, and cooperation (Tomasello & Call 

1994). Social interactions between individuals shape relationships. Conflicts between two 

animals are often interpreted as competition over limited resources (Widdig et al. 2000) 

which could occur among potential mating partners (Parker 1979; Smuts & Smuts 1993), 

between parents and offspring (Bateson 1994; Trivers 1974), and between competitors for 

access to mates (Clutton-Brock 1989; Campbell & Trivers 1972) or other limited resources 

such as food (van Schaik 1989). Conflicts may damage relationships and jeopardize the 

associated benefits (Widdig et al. 2000). To mitigate and repair this damage, individuals may 

therefore develop post-conflict behaviours such as reconciliation (exchange of affiliative 

behaviour between former opponents after the conflict) and third-party affiliation (exchange 

of affiliative behaviours between a former opponent and a bystander after a conflict) (Aureli 

et al. 1989; de Waal & Aureli 1997; de Waal & Roosmalen 1979). Both mechanisms have 

mainly been found in primates (e.g. Aureli & Schaik 1991; Castles & Whiten 1998; de Waal 

& Roosmalen 1979; Koyama 2001; Westlund et al. 2000; Wittig & Boesch 2005) with a few 

examples in other social living mammals (e.g. Cordoni & Palagi 2008; Cools et al. 2008; 

Kutsukake & Clutton-Brock 2008; Schino 1998; Wahaj et al. 2001; Weaver 2003) and birds, 

notably corvids (Fraser & Bugnyar 2011, 2010a; Fraser et al. 2009; Logan et al. 2013b; Seed 

et al. 2007). Although corvids utilise many of the social tactics displayed in primates (e.g. 

formation of temporary coalitions and long-term alliances; Emery 2004), past studies on post-

conflict behaviour found mixed results and differences between corvid species. While the use 

of third-party affiliation has been shown in all four corvid species (rooks, Corvus frugilegus; 
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ravens; jackdaws, Corvus monedula; and jays, Garrulus glandarius; Seed et al. 2007; Fraser 

& Bugnyar 2010a; Sima et al. 2016; Logan et al. 2013b; Logan et al. 2013a), reconciliatory 

behaviour has only been reported in ravens (Fraser & Bugnyar 2011). It has been suggested 

that the lack of conflicts between mating partners resulted in the absence of reconciliatory 

behaviour in rooks (Seed et al. 2007), however it has not been tested experimentally if, and 

how, the social relationship structure acts upon the post-conflict behaviour of corvids. 

 

Cognitive skills and cognitive development of ravens 
 
  When trying to investigate the origins of human cognition, researchers have employed 

different approaches. One approach, tackled by the field of developmental psychology, has 

been the investigation of the origins of adult cognition through the study of infants and 

children and assessing how cognitive capacities emerge across ontogeny (e.g. Murray et al. 

1985; Tomasello et al. 1993a; Trevarthen 1979). This research has revealed that human 

cognitive development is shaped by specific capacities thought to be derived only in our 

species, such as language and shared intentionality (Carpenter et al. 1998; Hermer-Vazquez 

et al. 2001; Tomasello 1999; Tomasello et al. 2005a). A second approach, tackled by the field 

of comparative psychology, has been the investigation of similarities and differences between 

species of evolutionary interest to reveal the evolutionary origins of human cognition. This 

approach has revealed that many primate species, as well as distantly related species, exhibit 

complex cognitive abilities previously thought to be unique to humans, such as reasoning 

about others’ perceptions, episodic memory, and planning (Bugnyar et al. 2016; Clayton & 

Dickinson 1998; Humle & Matsuzawa 2002; Kabadayi & Osvath 2017; Mulcahy & Call 

2006; Seed & Byrne 2010). Although both developmental and comparative approaches have 

separately shed light on the question of the origins of human-unique cognition, little attention 

has been paid to the intersection of these two inquires: studies of cognitive development 

across species (for an overview, see Rosati et al. 2014). Though several researchers have 

highlighted the importance of a comparative-developmental perspective (Gómez 2005; 

Matsuzawa 2007; Lickliter 2000), this integrative comparative developmental approach has 

not been widely applied in empirical work (but see Wobber et al. 2014). 

Species differences in ‘adult characteristics’ often result from alterations in 

developmental pathways (Gould 2002; Rosati et al. 2014); thus, comparing the pace and 

pattern of cognitive development between species may explain variation in mature cognition 

(Kabadayi et al. 2017). To compare the pace of development, research has focused on the 
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timing of skill emergence across human ontogeny, showing that infants already have a 

sophisticated set of abilities for perceiving, categorizing, and reasoning about social agents 

(Gergely et al. 2002; Gergely et al. 1995; Woodward et al. 2001), the physical world 

(Newcombe & Huttenlocher 2006; Spelke et al. 1992), and abstract concepts such as numbers 

(Feigenson et al. 2004). However, although some skills emerge early in development, others 

have a much longer developmental trajectory, revealing that different cognitive skills can 

develop at different paces over ontogeny (Rosati et al. 2014). Understanding developmental 

pacing across species can shed light on the differences in developmental startpoints, the 

earliest-emerging skills, and differences in the means by which later-emerging skills arise 

over development (Rosati et al. 2014). The second major mechanism, the pattern of 

development, implies that specific skills are essential prerequisites for the acquisition of other 

skills, therefore requiring a specific pattern of development to acquire the mature adult skill 

level (Case 1985; Thelen & Smith 1996). Regarding theory of mind for example, young 

children have been found to exhibit a relatively consistent pattern of success across different 

types of problems: they first begin to understand that other people can have conflicting 

desires, then distinguish between others’ knowledge states, and finally understand that others 

may have different (or even false) beliefs about the world (Wellman & Liu 2004). 

Comparative developmental studies therefore provide a useful approach to understand 

how the human mind evolved, and help to assess whether differences in human cognition 

stem from evolutionary changes in our species’ developmental trajectories. Furthermore, 

understanding the cognitive foundations of language can help to identify features that seem to 

be uniquely evolved in humans as an adaptation to their complex communication 

prerequisites (Luef & Pika 2018). 

 

Gestures and the evolution of language 
 
  Social cognition is a complex phenomenon, involving many different components that 

are known to be essential for language acquisition (Fitch et al. 2010). Moreover, in our 

ancestors, demands of social life may have created selective pressures for complex and 

abstract abilities that are likely to have preceded the earliest forms of linguistic 

communication (Seyfarth et al. 2005). A proposed theory for understanding the biology and 

evolution of a complex cognitive ability is to fully acknowledge the multiplicity of 

mechanisms that underlie it (Fitch 2017). Hauser and colleagues (2002) and Fitch (2017) set 

forth two domains of language: a faculty of language in the broad sense (FLB) that consists 
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of skills shared with other species (for example vocal learning) and a faculty of language in 

the narrow sense (FLN) that is specific to humans. Thus, despite the fact that language is 

unique to our species, most of the components underlying it are shared with other species 

(Fitch 2017). In a similar vein, Levinson and Holler (2014) suggested that the apparent gap 

between animal and human communication may be bridged by looking for precursor 

adaptations to human language in turn-talking interactions and gestural signalling. 

Although a number of researchers suggest that the vocalisations of monkeys and apes 

represent precursors to human language (Cheney & Seyfarth 1985; Fitch 2005; Watson et al. 

2015), other scholars highlight the importance of gestural signals to language development 

(Arbib et al. 2008; Armstrong & Wilcox 2007; Corballis 2002; Hewes 1973; Kendon 1975;). 

The two most predominant gestural theories of language evolution are: (1) The general 

“gestural theory of spoken-language origin” (Hewes 1973; Tomasello et al. 1993b); and (2) 

The gestural mirror neuron hypothesis of language evolution (Arbib 2005, 2010; Prather et al. 

2008).  

(1) The general gestural theory proposes that the brain pathways controlling the production of 

speech emerged from ancestral brain pathways controlling learned gestures (Hewes 1973; 

Tomasello et al. 1993b). (2) The gestural mirror neuron hypothesis proposes that brain 

pathways that generate speech also process speech and visual gestures, and by doing so are 

able to transfer and copy hearing or seeing into motor behaviour in the motor pathways (Arbib 

2010; Arbib 2005; Prather et al. 2008). However, to unravel the evolutionary precursors of 

human language and the linkage between speech and gesture, we need to identify gestural 

forms, their usage and their function in non-human animals (Pika 2015). The use of manual 

and body gestures to communicate with other conspecifics has been documented in several 

primate species (Call & Tomasello 2007; Fröhlich et al. 2016a; Genty et al. 2009; Hobaiter & 

Byrne 2014; Kummer 1968; Leavens & Hopkins 1998; Leavens et al. 2005; Liebal & Call 

2012; Maestripieri 1997; Nishida 1980; Pika et al. 2005a; Pika & Liebal 2012; Plooij 1978; 

Roberts et al. 2014; Schaller 1963; Tomasello et al. 1994; Tomasello et al. 1985; Tanner & 

Byrne 1996; Van Lawick-Goodall 1968). There is a broad agreement in gestural research that 

gestures are physical movements that are not mechanically effective, are employed 

intentionally and are flexibly produced as communicative signals (Fröhlich et al. 2016a; 

Genty et al. 2009; Hobaiter & Byrne 2014; Pika et al. 2005a; Pika & Liebal 2012; Roberts et 

al. 2014; Tanner & Byrne 1996; Tomasello et al. 1985). However, researchers still debate if 

gestures should be physical movements of the hand and fingers only (Leavens & Hopkins 

1998; Pollick & De Waal 2007; Roberts et al. 2014) or can also include movements of the 
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head (e.g. Tanner & Byrne 1996), body postures (e.g. Call & Tomasello 2007; Genty et al. 

2009; Pika 2015), or facial movements (e.g. Cartmill & Byrne 2007).  

Apes have extensive repertoires of gestures, and they use them to target specific 

individuals whom they continue to monitor for the effect of their gesturing (chimpanzee: 

Hostetter et al. 2001; Tomasello et al. 1985; bonobo: Pika et al. 2005b; gorilla: Genty et al. 

2009; orangutan: Cartmill & Byrne 2010; Liebal et al. 2006). If the desired result is not 

attained, they repeat or elaborate their gestures until it is (goal persistence; Leavens et al. 

2005). Gestures vary in modality, and apes choose gestures whose modality is appropriate to 

their audience’s state of attention (Hobaiter & Byrne 2011b; Pika & Liebal 2012). Regarding 

learning of gestures in great apes, different mechanisms have been suggested for how they are 

acquired during ontogeny, including phylogenetic ritualization, ontogenetic ritualization, and 

social transmission via imitation (Genty et al. 2009; Hobaiter & Byrne 2011a; Liebal & Call 

2012; Tomasello et al. 1997). However, Plooij (1978) concluded that gestures in chimpanzees 

develop over the course of an individual’s interactional experience with its social environment 

and are thus acquired through ontogeny via the process of social negotiation. In a similar vein, 

Pika & Fröhlich (2018) proposed that the production and usage of communicative gestures in 

great apes highly depends on social negotiation between interactants resulting in a learning 

process (also see Fröhlich et al. 2017). This would result in a shared understanding that 

specific behaviours can be used to achieve communicative goals, and carry distinct meanings 

linked to particular social contexts (Pika & Fröhlich 2018). Research on gestures in great apes 

provides evidence that gestural signalling plays an important role in their communication and 

resembles that of pre-linguistic and just-linguistic human infants in some important ways (e.g. 

intentional use of gestures; Pika 2008a). 

But what about the role of gestures in other species? In contrast to the growing 

primate gestural research field, studies into non-vocal signals of non-primate species have 

been neglected since early works (Huxley 1914; Heinroth & Heinroth 1928; Lorenz 1941, 

1951; Lorenz 1966b, a; Tinbergen 1951, 1959; Wickler 1966). The only exceptions are 

studies on the function and flexibility of elaborate sexual displays of birds such as bowerbirds 

(Chlamydera maculata, Borgia 1995; e.g. Amblyornis inornatus, Kusmierski et al. 1997), and 

manakins (Manacus vitellinus, Fusani et al. 2007), and bimodal displays of foot-flagging 

frogs (Micrixalus saxicola and Staurois parvus, Preininger et al. 2013) and male fowls 

(Gallus gallus, Smith et al. 2011). Still, investigations into subsets of visual behaviours of 

animals such as gestures (although the term has been used but not defined by some scientists, 

e.g., Duncan 1972; Gwinner 1964; Morris 1958) and postures as well as their underlying 
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cognitive mechanisms remained relatively unexplored. A handful of studies revealed that 

species other than primates use signals such as pointing, possessing attributes of a gesture 

(ravens, Pika & Bugnyar 2011; Australian magpies, Kaplan 2011; fish, e.g. Plectropomus 

pessuliferus, Vail et al. 2013; dolphins, Tursiops truncatus, Xitco et al. 2001; horses, Equus 

caballus, Malavasi & Huber 2016). Moreover, the use of referential signalling has been 

examined in some bird species (ravens, Pika & Bugnyar, 2011, Australian magpies; Kaplan 

2011), coral reef fish (Vail et al. 2013), and a variety of non-primate mammal species (dogs, 

Canis lupus familiaris, Gaunet & Deputte 2011; dolphins; Xitco et al. 2004; horses, Malavasi 

& Huber 2016; wolves, Canis lupus, Virányi et al. 2008; seals, Halichoerus grypus, Shapiro 

et al. 2003). Although Gwinner (1964) in the middle of the last century already emphasised 

the gestural plasticity and flexibility of ravens, research into this communicative domain and 

the underlying cognitive complexity in birds is virtually non-existent (but see Pika & 

Bugnyar 2011; Kaplan 2011). Pika and Bugnyar (2011) revived this field by providing 

evidence that ravens use referential gestures to direct the attention of conspecifics to objects. 

As shown in their study, birds are able to use gestures flexibly, which indicates existing 

underlying complex cognitive processes and thus provides insight into the question as to 

whether signallers and recipients understand the way the signals function. Up until now, the 

evolutionary history of human language has been mainly investigated by studying closely 

related primate species. The homologous approach has provided comprehensive insights into 

the link between language and the communicative system of great apes. However, focusing 

on species that live in a similar social system to humans enables a closer look at the impact of 

the social system on communicative features. For example, monogamous raven pairs share 

many similarities with those of human pairs regarding their life history, and focusing on this 

analogous approach to language evolution can help to unravel how communication comes to 

be shaped by the social dynamics among speakers (Luef & Pika 2018). 

 

 

 
 

Model species Corvids 
 

The genus Corvus is comprised of about 40 different species, which are distributed nearly 

worldwide and cover a variety of habitats (Goodwin 1976). Due to their unique combination 

of fission-fusion dynamics and strong long-term relationships (de Waal & Tyack 2009; 
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Emery 2006), corvids are of special interest to unravel the puzzle of the evolution of 

intelligence. They have larger brains than would be predicted for their body size (Jerison 

2012) and seem to rival non-human primates in many cognitive abilities (e.g. Bond et al. 

2003; Bugnyar 2013; Emery & Clayton 2004; Heinrich 1991; Marzluff & Angell 2005; 

Taylor et al. 2009). Intriguingly, these non-primate, non-mammalian animals are capable of 

feats thought to be uniquely human, such as recalling specific past events (episodic-like 

memory; Clayton & Dickinson 1998), planning for the future (Raby et al. 2007), cooperative 

problem-solving (Seed et al. 2008), and tactical deception (Bugnyar & Kotrschal 2002). As 

the most widely distributed member of the corvid family, ravens (Corvus corax), are 

renowned for their high ecological flexibility (Heinrich 1991) and flexible social skills (for an 

overview, see Bugnyar 2013). I chose this particular model genus, because recent studies 

have revealed that ravens, similar to chimpanzees, exhibit a variety of socio-cognitive traits 

necessary to manoeuvre successfully through a complex social world (Emery & Clayton 

2004). For example, ravens have been shown to show and offer each other non-food items 

(Pika & Bugnyar 2011), deceive others while caching food (Bugnyar 2011), reconcile with- 

and console valuable partners (Fraser & Bugnyar 2011, 2010a; Sima et al. 2016), remember 

former group mates and their relationship with them over years (Boeckle & Bugnyar 2012), 

understand third-party relations (Massen et al. 2014), and use such understanding to prevent 

others from forming too strong alliances (Massen et al. 2014). Concerning communicative 

abilities, ravens are known to possess a large repertoire of vocalisations (Enggist-Dueblin & 

Pfister 2002), characterised by individually distinctive calls. Furthermore Gwinner (1964) 

pointed out five crucial aspects of ravens’ communicative skills which are similar to human 

language: (1) the ability to imitate vocalisations, (2) the ability to use context specific 

vocalisations, (3) the ability to abstract and transfer signals to comparable situations, (4) the 

ability to show context specific signals even before a specific situation occurs e.g. when 

waiting for a situation, and to (5) imitate other individuals when trying to allure them. 

Gwinner (1964) also revealed that ravens use other body parts like their feathered ears, 

wings, head, feet, and eyes to communicate. 

Similarly to ravens, carrion crows (Corvus corone) live in flexible social systems, 

characterised by seasonal variation and fission-fusion dynamics (Braun et al. 2012; Richner 

1990) and also exhibit advanced cognitive abilities (Emery & Clayton 2004; Hoffmann et al. 

2011; Marzluff & Angell 2005). Both species leave their parents at the end of their first 

summer and become part of non-breeder groups that forage, roost, and socialize together. 

Although such groups are characterised by a high degree of fission-fusion dynamics, both 
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species may form valuable relationships with several individuals (Braun et al. 2012; Goodwin 

1976) until they form a strong, monogamous pair relationship for life (Glutz von Blotzheim 

& Bauer 1993; Heinrich 1989). A key aspect of how and why humans have developed their 

distinct cognitive and communicative abilities lies within the socio-ecological environment. 

Studying species with comparable social systems to humans can help to investigate the 

evolutionary history and impact of specific ecological dynamics on specific communicative 

and cognitive adaptations (Emery & Clayton 2004).  

 

 

Thesis Outline 
 

In my PhD-thesis I examined the ontogeny of cognitive and communicative abilities 

in corvids. To target this aim, I combined the comparative and developmental approaches and 

studied two different corvid species during their first year of life. Revealing similar 

developmental patterns in distantly related species like corvids in comparison to other 

cognitively proficient mammals will have implications for the understanding of independent 

evolution of complex cognition, i.e., whether different lineages – such as corvids and 

primates – undergo similar developmental stages when building complex cognition (Osvath 

et al. 2014a). Thus, I studied two different corvid species, ravens (Corvus corax) and crows 

(Corvus corone) during development. Furthermore, in Chapter III, I combined my data with 

data published by Hermann and colleagues (2007) to enable the first systematic, quantitative 

large-scale comparison of the cognitive abilities of a distantly related species (ravens) with 

closely related species, great apes (chimpanzees and orangutans).  

In the following paragraphs, I will provide a brief overview of each chapter of my PhD 

thesis. 

In Chapter II, I examined the post-conflict behaviour of crows during a food 

monopolization experiment. The aim was to examine the role post-conflict affiliation plays in 

a dynamic group where individuals are still forming and negotiating social relationships, thus 

I used a newly formed group of captive juvenile carrion crows in which relationships were 

still developing. I aimed to shed light on the question of why in only one corvid species 

(ravens; Fraser & Bugnyar 2011, 2010a) reconciliation and third-party affiliation as post-

conflict behaviours have been observed, whereas studies on other corvid species has only 

found third-party affiliation (Logan et al. 2013b; Logan et al. 2013a; Seed et al. 2007). I 

chose carrion crows as the study species because of their flexible social systems and 
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behavioural similarities to ravens (Cibulski et al. 2014; Dufour et al. 2011; but see Hillemann 

et al. 2014). 

In Chapter III, I conducted the Corvid Cognition Test Battery on ravens based on the 

study of Hermann and colleagues (2007). I replicated the test battery four times during their 

first year of life. Here, I aimed to quantitatively assess ravens physical and social cognitive 

abilities to (1) investigate the effect of development on their cognitive performance, and (2) 

revisit the claim that corvids rival primates in their cognitive abilities (Bugnyar 2013; Emery 

2006; Van Horik et al. 2012). To target this aim, I followed the test battery design by 

Hermann and colleagues (2007) and compared the performance of the ravens to the 

performance of the great apes.  

In Chapter IV, I focused on the development of communicative abilities in ravens, 

especially their gestural skills. I used the gestural parameters (Call & Tomasello 2007; 

Fröhlich et al. 2016a; Hobaiter & Byrne 2011a; Leavens & Hopkins 1998; Leavens et al. 

2005; Pika & Liebal 2012; Roberts et al. 2014) from primate research and applied them to a 

group of hand-raised ravens. I conducted the study throughout the first year of the ravens’ life 

and this is the first comprehensive study of ravens’ gestural and display repertoire and 

development. The aim of this study was to detect signals, which meet the gestural criteria and 

compile a gestural repertoire of sub-adult ravens.    
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Abstract 
 
Conflicts are costly because they can damage social relationships. To buffer conflicts, various 

species use post‐conflict behaviour, such as reconciliation or third‐party affiliation. Both 

behaviours have predominantly been studied in non‐human primates. However, recently, 

studies revealed post‐conflict behaviour in other mammalian and some bird species (e.g., 

corvids). While third‐party affiliation has been reported in several corvid species, 

reconciliation has only rarely been observed. The social structure of the studied groups has 

been postulated as a reason for the absence of reconciliation. Here, we investigated whether 

post‐conflict behaviours in corvids indeed mirror the relationship structure. We studied the 

behaviour of a newly established group of juvenile carrion crows (Corvus corone corone), 

where pair bonds had not yet been established. We applied a combination of observations and 

food monopolisation experiments to quantify the use of post‐conflict behaviours. 

Provisioning food in one or two pieces induced different patterns of aggression during 

feeding and differently affected the affiliation patterns after feeding. Specifically, victims of 

severe aggression affiliated with third parties after conflicts in the two‐piece condition, while 

aggressors affiliated with victims of mild aggression in the one‐piece condition. We thus 

provide the first evidence that a corvid species, crows, flexibly engage in both third‐party 

affiliation and reconciliation. 

 

 

Introduction 
 

Social relationships can be described by the frequency, quality, and patterning of 

diverse interactions among the same individuals over time (Hinde 1979). Social relationships 

are crucial to support distinct forms of cooperation but are also prone to conflicts, which in 

turn can damage relationships. Conflicts occur in a variety of contexts when two or more 

individuals compete for the same resource such as a mating partner or food (Trivers 1972; 

Clutton-Brock 1989; van Schaik 1989). Losing a conflict can lead to a higher possibility of 

additional attacks from the same aggressor in the period immediately following the initial 

threat (Aureli & Schaik 1991; Aureli 1992; Schino 1998). It can also increase the likelihood 

that other group members attack the loser of the original conflict (Aureli et al. 2002). To cope 
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with the associated costs, many species evolved a variety of conflict management behaviours 

such as dominance hierarchies (Aureli et al. 2002), conflict avoidance (e.g. threat and 

submissive behaviour; Judge & de Waal 1993), and/or the use of greeting signals (e.g. pant-

grunt vocalisations in chimpanzees;  Bygott 1979). Furthermore, some conflict management 

behaviours also occur shortly after the actual conflict (post-conflict behaviour). 

The two most prominent and best-studied post-conflict behaviours are reconciliation 

and third-party affiliation (e.g. Aureli 1992; Castles & Whiten 1998; de Waal & Roosmalen 

1979; Preuschoft & Van Schaik 2000; Schino 1998; Wittig & Boesch 2005). Reconciliation 

has been defined as the exchange of affiliative behaviour (e.g. grooming or use of distinct 

gestures such as kiss and embrace in non-human primates) between former opponents after 

the conflict (de Waal & Roosmalen 1979). Reconciliation may be favoured, when within-

group conflicts lead to aggressive interactions between partners that may severely damage 

valuable cooperative relationships. The value of a relationship refers to the direct benefits 

gained as a result of the relationship such as agonistic support or food sharing (Fraser & 

Bugnyar 2010b). The use of reconciliation may not be necessary in species where conflicts 

are relatively rare, like in long-term monogamous species (Logan et al. 2013a), due to the 

limited number of high-quality relationships. This means that relationships with conspecifics 

other than the pair-partner may not be strong and valuable enough to trigger repair 

mechanisms (Logan et al. 2013a). Third-party affiliation refers to the exchange of affiliative 

behaviours (such as grooming in primates and various forms of body contact) between a 

former opponent and a bystander after a conflict (Logan et al. 2013a). This post-conflict 

behaviour has been suggested to strengthen bonds between allies and to signal allied status to 

other members of the group (Das 2000).  

In general, the use of post-conflict behaviours appears to depend on the social 

structure of a given species (Kutsukake & Clutton-Brock 2008). For instance, studies showed 

that in cooperatively breeding species with strong reproductive skew and despotic 

characteristics (e.g. meerkats; Suricata suricatta), subordinates may have little room for 

‘compromise’ or ‘negotiation’ in terms of reproductive opportunities (Kutsukake et al. 2006; 

Clutton-Brock et al. 2001; Kutsukake & Clutton-Brock 2008). Therefore, it may be not useful 

for subordinates to show reconciliation, because it does not modify the behaviour of the 

dominant individuals or resolve the conflict between individuals. In contrast, subordinates in 

species with low reproductive skew may use strategies such as strategic grooming and/or 

coalition formation (Cords 1997) to increase their reproductive fitness (Silk et al. 2003). 

Reconciliation will thus only be favoured in those species where negotiation between group 
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members results in direct or indirect benefits (Kutsukake & Clutton-Brock 2008).  

Indeed, the use of post-conflict behaviours has been reported in non-human primate 

species, where the social structure is characterised by opportunities for negotiating 

relationships between group members (hereafter primates; e.g. baboons, chimpanzees, 

macaques Aureli & Schaik 1991; Castles & Whiten 1998; de Waal & Roosmalen 1979; 

Koyama 2001; Wittig & Boesch 2005). Furthermore the social structure of some bird species, 

notably members of the corvid family, supports the occurrence of post-conflict behaviour 

(e.g. Fraser & Bugnyar 2011, 2010a; Fraser et al. 2009; Logan et al. 2013b; Seed et al. 2007). 

The social structure of corvids is characterised by different types of social relations (e.g. pair 

partners, siblings, affiliates) and temporarily high fission-fusion dynamics (Clayton & Emery 

2007; Loretto et al. 2017). These social matrices allow room for social interactions between 

various individuals especially in the non‐breeding state. So far, post-conflict behaviour has 

been studied in four different corvid species, Eurasian jays (hereafter called jays; Garrulus 

glandarius), jackdaws (Corvus monedula), ravens (Corvus corax) and rooks (Corvus 

frugilegus). While the use of third-party affiliation has been shown in all four corvid species 

(Fraser & Bugnyar 2010a; Logan et al. 2013a; Logan et al. 2013b; Seed et al. 2007; Sima et 

al. 2016), only ravens seem to show reconciliatory behaviour (Fraser & Bugnyar 2011). One 

possible explanation is that the corvid species differ in their use of post-conflict behaviours. 

In contrast, the lack of reconciliation in some species may simply be the result of the existing 

social relationship structure (Seed et al. 2007). Except for the one study on ravens (Fraser & 

Bugnyar 2011), all studied individuals lived in relatively similar social groups, characterised 

by (i) predominantly bonded pairs, and (ii) relatively low levels of agonistic interactions 

between pair partners (Logan et al. 2013a; Logan et al. 2013b; Seed et al. 2007). In these 

groups, third-party affiliation (conflict with a non-pair group member and post-conflict 

affiliation with the pair partner) ⎯ rather than reconciliation ⎯ may thus represent the most 

beneficial post-conflict behaviour to strengthen and advertise the prevailing pair bonds (Das 

2000). Furthermore, third-party affiliation in corvids seems to result in the decrease of 

aggression after an initial conflict (Seed et al. 2007). However, what role does post-conflict 

affiliation play in more dynamic groups where individuals are still forming and negotiating 

social relationships? 

Here, we address this question by investigating the use of post-conflict behaviours in a 

newly formed group of captive juvenile carrion crows (Corvus corone corone), with 

relationships still changing and developing. Similar to ravens, crows live in flexible social 
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systems, characterised by seasonal variation and fission-fusion dynamics (Braun et al. 2012; 

Richner 1990). Crows leave their parents at the end of their first summer and become part of 

non-breeder groups that forage, roost and socialise together. Although such groups are 

characterised by a high degree of fission-fusion dynamics, crows may form valuable 

relationships with several individuals (Braun et al. 2012; Goodwin 1976) until they form a 

strong, monogamous relationship for life (Heinrich 1989; von Blotzheim et al. 1993). Non-

paired adults and juvenile crows that cannot yet defend a territory form non-breeder groups 

that are structured by different types of social relationships (i.e. kin, bonding partners 'friends'; 

von Blotzheim et al. 1993). Although crows reach sexual maturity at the age of 1 year, they 

only start to breed at around 3-5 years of age (von Blotzheim et al. 1993). Breeders stay and 

defend their territories the whole year round, while non-breeders (adults up to 5 years of age) 

stay in the flock (von Blotzheim et al. 1993). Breeding pairs can be highly territorial, while 

non-breeders form communal roosts and foraging groups, which may also be joined by 

breeders outside the breeding season (Baglione et al. 2002; Richner 1989). This flexible social 

system allows for a variety of different types of interactions to take place between non-

breeders. For instance, roosting together allows sharing of information, such as the location of 

food sources (Marzluff et al. 1996). At least in captivity, relatedness plays an important role 

(e.g. frequent exchange of affiliative behaviour) but they do not associate exclusively with kin 

(Miller et al. 2016; own observations TB). Agonistic interactions (such as displacement and 

pecking) occur over food and perching position, and sometimes without obvious cause 

(though likely competition for dominance; Seed et al. 2007). Cooperatively breeding groups 

of carrion crows in Spain — which are cohesive and stable over time (Baglione et al. 2002) 

— show linear hierarchies that remain stable throughout the breeding season and across years 

(Chiarati et al. 2010). Dominance ranks of the males not only regulated the access to food but 

also to other limited ‘currencies’ such as reproduction and territory inheritance (Chiarati et al. 

2010). To date, it is not known at which age crows develop stable dominance ranks. However, 

because they resemble ravens in a variety of social features (Hoffmann et al. 2011; Miller et 

al. 2015), these developmental milestones may also occur at the age of 4-5 months post-

fledging (September-December; Loretto et al. 2012).   

In our study, we used a combination of behavioural observations and a food 

monopolisation experiment, which enabled us to  

(i) assess the relationship structure across different developmental time points,  

(ii) control for distinct factors such as age, group composition and testing conditions, and  



Chapter II – Reconciliation and third-party affiliation in carrion crows 

	 30	

(iii) induce relatively high rates of aggression to increase the likelihood of post-conflict 

behaviours.  

We hypothesised that life in non-breeder groups provide conditions for post-conflict 

behaviour to develop. This development should be accompanied by the formation of the 

(first) social relationships. Because post-conflict behaviour is difficult to study in young 

birds, (as they do not show many conflicts), we circumvented this problem by introducing 

two feeding conditions: One food piece attached to one board, or the same amount of food 

split in two food pieces and attached to two boards. By introducing these two different 

feeding conditions, we manipulated the degree of food monopolisation and choice, 

respectively. We assumed that competing over one or two pieces of food would pose 

different challenges to the crows. In the one-piece condition, crows would have a lower 

chance to choose a feeding position and their nearest neighbour, and thus could not easily 

avoid conflicts with affiliates. Contrarily, in the two-piece condition, individuals would have 

a higher ability to choose where and with whom to feed and could thus better avoid conflicts 

with affiliates. To study post-conflict behaviour, we employed a recently established method 

by Sima and colleagues (2016), linking the agonistic behaviour shown during the feeding 

experiment (30 min) with the affiliative behaviour following feeding (20 min). As a control, 

we used baseline behaviour recorded during daily life observations (individual focal 

protocols). Note that this method differs from the traditional PC-MC (post-conflict/matched-

control) method by Aureli et al. (1989) where post-conflict behaviour is directly recorded 

after a conflict and compared with a control observation at the subsequent day at exactly the 

same time. The method used in the current study, however, allows to reinforce conflicts and 

to increase the chance of post-conflict behaviours. In addition, our recent study on ravens 

(Sima et al. 2016) employed exactly the same method and reported similar findings as 

described in observational studies by Fraser and Bugnyar (2011, 2010a) in ravens with the 

traditional PC-MC design.  

We predicted that  

(i) crows will show higher frequencies of agonistic behaviour in the one-piece condition 

compared to the two-piece condition since all birds compete for one food resource 

simultaneously.  

(ii) crows will show more affiliative behaviours in the after feeding phase than during 

feeding (in both conditions), due to the relatively high rates of agonistic behaviour 

during feeding.  
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(iii)  crows will engage in third-party affiliation, i.e., the use of affiliative behaviours after 

the experiment between former victims of aggression and a third-party. 
(iv) crows will engage in reconciliation, i.e., the use of affiliative behaviours after the 

experiment between aggressors and their victims of aggression. 
 

Methods 

 

The study was conducted from early July 2012 to late December 2012, with additional 

sampling in March and May of 2013. Data collection started when all birds could feed 

independently (three months of age). 

 

Subjects and housing 
 

Subjects were twelve hand-raised crows (five males, seven females; originating from 

six different nests), which all hatched in May 2012 (see Table 1 in Supplementary Material). 

The crows were hybrids of the carrion crow (Corvus corone) and hooded crow (C. cornix), 

because the source location (Vienna, Austria) is part of the hybridization belt in Europe. All 

individuals were hand-raised and kept at the Haidlhof Research Station, which features a 

compound of large aviaries owned by the University of Vienna and the University of 

Veterinary Medicine in Vienna, Austria. The crow aviary was composed of an outdoor and an 

indoor compartment. The outdoor compartment (10x4x5 meters) contained natural vegetation 

and diverse ground cover including wood chips, soil and gravel. The indoor compartment, 

which was used for the feeding experiments, had a roof (4x3x4 meters), sand-floor, and a few 

perches. Crows were fed twice a day (e.g. various types of meat, dairy products and fruit), 

between 08:00-09:00h and between 12:00-15:00h. When experiments were scheduled, the 

birds were fed a smaller portion of food in the morning and the majority of the food in the 

afternoon after the experiments were concluded.  

 

Behavioural Observations (Focal protocols) 
 

To assess the birds’ social relationships independent of the competitive feeding 

situation in the experiment, we collected standardised focal protocols following the procedure 

of Sima and colleagues (2016). Each bird was sampled for five minutes per day, four times 

per week using the focal-individual sampling method (Altmann 1974). Here, one individual 

is followed for a specific duration and all occurrences of (inter)actions of the focal bird are 
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recorded (Altmann 1974). This method resulted in 60 focal protocols per bird. Observations 

were conducted in the morning (between 09:00-12:00h) or afternoon (13:00-16:00h) and 

before or after feeding. All individuals were observed in the same situation (morning 

before/after feeding; afternoon before/after feeding) once per day in a randomised order. All 

observation sessions were videotaped using a digital camera (Canon Legria HF S10). Focal 

protocols were collected in the same time period as the experiments (July 2012-December 

2012, March and May 2013; for details see paragraph below) to allow comparison.     

 

Food Monopolisation Experiment 
 

To examine changes in behaviour across ontogeny, experiments were carried out 

continuously for a total of six months from beginning of July (covering three time periods: 

summer, autumn, winter) until the end of December 2012. Two additional periods of data 

collection followed at the age of nine months (March 2013) and one year after hatching (May 

2013; covering spring season), respectively. This data collection design resulted in 4 

experiments per condition in summer, three in autumn, three in winter and four in spring (in 

total 28 experiments). The experiments were conducted four times per month always at 

14:00h.  

We distinguished between two different phases: feeding (30 minutes) and after-

feeding (20 minutes). At the beginning of the feeding-phase, the food was offered to the birds 

by an experimenter, who fixed the food onto a wooden board and then left the aviary. After 30 

minutes, the same experimenter returned and removed the remaining food. Now the after-

feeding period began. The entire experimental session was videotaped from a distance of 

three meters by a second experimenter. Focal-group sampling (Altmann 1974) was used to 

sample all occurrences of agonistic and affiliative interactions between the animals. All 

experimenters interacted with the birds on a daily basis and were familiar to the birds. 

The amount of food (0.8kg) and the quality of meat (pork; part of the face including 

the muzzle) was kept constant throughout all experiments but varied in the number of pieces. 

We either fixed one food piece on one board (one-piece condition) or chopped the meat in 

two food pieces and fixed it on two boards (two-piece condition). When two pieces were 

presented, we placed the two boards at a distance of about two meters from each other to 

guarantee that birds were able to (i) see both boards at the same time, and (ii) make a choice 

between the two food resources. Data were coded with the behaviour-coding software 
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Solomon Coder (András 2011) focusing on affiliative and agonistic behaviours (see Table 2 

in Supplementary Material).  

 

Statistical Analyses  
 

First, we used the data from the focal protocols to assess the affiliative relationships 

within the crow dyads. We applied methods developed by Silk and colleagues (2003) and 

created a composite sociality index (CSI; see also Supplementary Material for additional 

information). The CSI consisted of the parameters allo-preening (P), initiate contact sit (C), 

and food sharing (F; for detailed description see Table 2 in the Supplementary Material). 

Allo‐preening, food sharing and initiate contact sit (established parameters to measure social 

relationships in ravens and jackdaws; Fraser & Bugnyar 2010b; Emery 2004; de Kort et al. 

2006) were collected from the focal protocols. The CSI was computed as follows: 
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 The first term in the numerator is the adjusted frequency of preening for dyad i,j 

divided by the mean adjusted frequency of preening for all dyads in group x. The second term 

in the numerator is the adjusted frequency of initiating contact sit for dyad i,j divided by the 

mean adjusted frequency of initiating contact sit for all dyads in group x. The third term in 

the numerator is the adjusted frequency of food sharing for dyad i,j divided by the mean 

adjusted frequency of food sharing for all dyads in group x. These values are summed up and 

then divided by three. High values of the CSI represent dyads that had stronger social 

relationships than the average dyad in the group, and low values of the sociality index 

represent dyads that had weaker social relationships. Additionally we compared the CSIs of 

the different time periods with each other using Friedman Test and Wilcoxon test with 

Bonferroni correction. We calculated two different CSIs, one where we included all possible 

dyads (N=66) and one where we included only dyads (N=40) that interacted to assess the 

strength of the social relationships. 

Second, we used the data collected in the food monopolisation experiment and 

divided the observed social behaviour into two broad categories — agonistic and affiliative 

behaviour (for definitions see Table 2 in Supplementary Material). To analyse whether and 

how the social behaviour of the birds changed throughout the food monopolisation 

experiment with regards to the different conditions in the respective phases, we used 

Generalized Linear Mixed models (GLMMs; Baayen et al. 2008). They were implemented in 
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the glmmADMB module (Skaug et al. 2011) of the software R 3.00.2 (R Development Core 

Team 2011) because of the possibility of zero inflation. Since not all individuals interacted 

with each other, we used a zero inflated negative binomial model to correct for over 

dispersion (Skaug et al. 2011). We ran two models — one with the agonistic behaviour as 

response variable, the other one with the affiliative behaviour as response variable. In each 

case, we included phase (feeding or after feeding), condition (one-piece or two-piece), 

kinship (kin or non kin), sex (sex of initiator of behaviour and sex of receiver of behaviour), 

test period (summer, autumn, winter, spring) as key test predictors. Based on former studies 

in corvids (Fraser & Bugnyar 2012, 2011, 2010a; Sima et al. 2016), we predicted a difference 

in behaviour depending on the sex combination (initiator-receiver: male–male, female–

female or male–female). Therefore, we included a two-way interaction between sex of 

initiator and sex of receiver. Additionally, we included a two‐way interaction between phase 

and condition, because we expected the birds to behave differently with regard to the two 

conditions and phases. As random effects (non‐nested), we included identity of the initiator of 

the behaviour, identity of the receiver of the behaviour, and date and minutes spend together 

as offset term. Note that some individuals had to be separated from the group across a longer 

period and did not participate in all experiments. We therefore used the offset term. 

Significant interactions were post hoc tested by using Tukey's test using the lsmeans package 

in R (Lenth 2013). To test the overall significance of our key test predictors (Forstmeier & 

Schielzeth 2011; Mundry 2014), we compared the full models (with interactions, fixed 

factors and random effects) with the null models comprising only the control predictors and 

all random effects using a likelihood ratio test (LRT; Dobson & Barnett 2008). 

To determine if the behaviour of the birds during and after the experiment was 

influenced by the feeding situation, we compared it with control behaviour observed during 

standard focal protocols (individual focal protocols outside the experiment; paired data). We 

first compared the frequency of agonistic behaviour during the feeding phase with the 

frequency of agonistic behaviour observed during the standard focal protocols by using the 

Friedman Test and the Wilcoxon test with Bonferroni correction (each condition separately). 

Additionally, we compared the frequency of affiliative behaviour during the after feeding 

phase (each condition separately) with the frequency of affiliative behaviour observed during 

the standard focal protocols using the same statistical tests (paired data). Furthermore we split 

the focal protocols in morning and afternoon protocols (when recorded) to control for a 

potential effect of time of the day. As described above, we compared the frequency of 
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agonistic behaviour during the agonistic feeding phase with the frequency of affiliative 

behaviour observed during the standard focal protocols split in time of the day using the same 

statistical tests (paired data). The same applies for the affiliative behaviour in the after 

feeding phase. 

To test for possible post-conflict behaviour, we calculated a correlation between 

agonistic behaviours expressed in the feeding phase and affiliative behaviours used in the 

after-feeding phase (with the data of the food monopolisation experiments). We split the 

agonistic data in contact aggression (peck, fight) and in non-contact aggression 

(displacement, chase; for detailed descriptions of the behaviour see Table 2 in the 

Supplementary Material). The correlation between agonistic behaviour during feeding and 

affiliative behaviour after feeding was determined using a simple Mantel matrix correlation 

test (Bonnet & Van de Peer 2002). This method involved creating an interaction matrix for 

each behavioural variable (in which each individual’s interactions with all other group 

members are represented), and then assessing correlations between different behavioural 

matrices. In all cases, we used a permutation-based (100 000 permutations) one-tailed Mantel 

test. Additionally, the data was split into data from the 1-piece and 2-piece condition and 

included totals of aggressions and affiliations (per dyad, always directional) across trials 

during the whole testing period (sociometric data). We regressed the matrices of agonistic 

behaviour (initiator of aggression matrix, receiver of aggression matrix) against the after 

feeding allo-preening matrix (initiator of affiliation matrix, receiver of affiliation matrix) to 

test for possible effects of conflicts on post-feeding affiliation. Here we applied the freeware 

program “zt” (Manly 2006) with permutations.  

 

Ethical note 

 

The study group was housed in accordance with Austrian Law and local government 

guidelines. Permission to remove crows from nests in their natural environments was 

approved by the Magistrate of Vienna for Environmental Protection, application number MA 

22-355/2012/4. The license number for keeping animals at the Haidlhof Research Station 

from the Ministry for Science and Research is BMWFW-66.006/001-WF/II3b/2014. After 

the completion of this study, all individuals remained in captivity for further research by 

scientists of the University of Vienna, Austria. The study was non-invasive and based purely 

on behavioural observations. Hence, it was not classified as an animal experiment in 

accordance with the Austrian law (§ 2. Federal Law Gazette No. 501/1989). The study design 
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has been discussed in detail by an internal board at the Faculty of Life Sciences, University of 

Vienna. The board authorized the study with two notions: (i) no more than two 

monopolisation tests (one-piece and two-pieces condition) were allowed to be conducted per 

week; (ii) all birds had to be closely monitored for possible long-lasting stressful effects of 

the treatments. Although aggression over food could involve physical contact, none of these 

interactions resulted in any physical injuries of the birds such as bleeding or limping.  

 

Results 
 

Development of social relationships: difference between two matrices  

 

We first assessed the relationship matrix using the CSI. The first analysis included all 

dyads, while the second involved only those dyads where an interaction between two birds 

had taken place. Results of the first analysis showed that the CSI differed significantly across 

the investigated time points (Friedman rank sum test: N=66, χ2 =44.89, df=3, p<0.001, see 

Figure 1). It decreased significantly between the summer (mean=1.13, SE=0.2) and the winter 

(mean=1.08, SE=0.45) period (Wilcoxon signed rank test: V=649, p=0.028) and between the 

summer and the spring (mean=0.56, SE=0.32) period (Wilcoxon signed rank test: V=114, 

p<0.001). The CSI did not show significant differences in behaviour between the other 

observation periods (Wilcoxon signed rank test: summer period – autumn (mean=1.27, 

SE=0.52) period: V=542, p>0.999; autumn period – winter period: V=80, p>0.999; autumn 

period – spring period: V=31, p=0.2; winter period – spring period: V=9, p=0.74). The second 

analysis (only dyads which interacted) revealed that the studied individuals had the highest 

CSI in the spring period (mean=9.23, SE=3.21), followed by the winter (mean=7.96, 

SE=2.36), autumn (mean=4.92, SE= 1.77) and summer period (mean=1.86, SE=0.28). In sum, 

in the analysis including all dyads, the mean was highest during the first period of the study 

(summer) and decreased over time. In the analysis involving only dyads that had interacted 

with each other (actual relationships), the pattern reversed and the CSI was highest in the last 

period of the study in spring. 
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Figure 1 Change of sociality index over time. The four investigated time points are plotted on the x-axis, and 
the value of the sociality index is plotted on the y-axis. Each point represents the mean of the sociality index for 
a given time point     
 

 

Agonistic behaviour as prerequisite for post-conflict behaviour  

 

The model with agonistic behaviour as the response variable showed a significant 

interaction between phase and condition (GLMM: χ2=0.43, SE=0.12, p<0.001). As expected, 

the crows showed a significantly higher frequency of agonistic behaviours in the feeding 

phase compared to the after-feeding phase (Tukey test: one-piece condition: χ2=0.33, SE=0.1, 

p<0.001, two-piece condition: χ2=0.76, SE=0.16, p<0.001). In addition, they behaved more 

agonistically in the feeding phase with two-piece rather than in the one-piece condition 

(Tukey test: χ2=0.42, SE=0.18, p=0.02). There was no difference in the after feeding phase 

(Tukey test: χ2=0.01, SE=0.13, p=0.97) regarding the frequency of agonistic behaviour. The 

sex of the initiator and the sex of the receiver interacted significantly (GLMM: χ2=1.16, 

SE=0.15, p<0.001): females behaved agonistically more often towards females than to males 

(Tukey test: χ2=1.18, SE=0.47, p=0.02). Contrarily, males did not differ in their frequency of 
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agonistic behaviour to females or males (Tukey test: χ2=0.02, SE=0.49, p=0.96). There was 

no difference between related or unrelated individuals regarding the frequency of agonistic 

behaviour (GLMM: χ2=0.03, SE=0.03, p=0.75).  

The crows became more aggressive with increasing age indicating a change in 

behaviour over time. The frequency of agonistic behaviour increased significantly from the 

summer period to the autumn period (GLMM: χ2=0.67, SE= 0.67, p<0.001; see Figure 2), as 

well as from the summer to the winter period (GLMM: χ2=0.44, SE=0.16, p=0.007). There 

was an additional trend with higher frequencies of agonistic behaviours in the spring period 

(GLMM: χ2=0.26, SE=0.14, p=0.064) than in the summer period. 

 

 
 

Figure 2 Development of agonistic and affiliative behaviour of the crows across the study period. Left: 
Frequency of agonistic behaviour across the test period. Right: Frequency of affiliative behaviour across the test 
period. Data are presented as means + standard error. 
 

 

To test if the agonistic behaviour during the feeding phase was a response to the food 

manipulation, we tested the difference between agonistic behaviour during focal protocols and 

agonistic behaviour during feeding in the two different conditions. The birds showed a 

significant difference in agonistic behaviour (Friedman rank sum test: N=12, χ2 = 8.522, 

df=2, p=0.014) observed during standard focal protocols and the feeding phases of the one‐

piece condition (Wilcoxon test with Bonferroni Correction: V=1, p=0.003) and the two-piece 
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condition (V=1, p=0.003). In the feeding phase of the one‐piece condition, the mean 

frequency of agonistic behaviour was on average 2.04 (SE = 1.06) interactions per bird per 10 

minutes. In the two‐piece condition, the average frequency of agonistic behaviour was 2.85 

(SE = 0.96) interactions per bird per 10 minutes. The birds showed higher frequencies of 

behaviour during the food monopolisation experiments than during the focal protocols outside 

of the experiments. This was also the case when we split up the focal protocols in morning 

(Wilcoxon test with Bonferroni correction: focals—one‐piece condition: V = 6, p = 0.014; 

focals—two‐piece condition: V = 4, p = 0.007) and afternoon protocols (Wilcoxon test with 

Bonferroni correction: focals—one‐piece condition: V = 6, p = 0.014; focals—two‐piece 

condition: V = 4, p = 0.007). In the morning focal protocols, the mean frequency of agonistic 

behaviour was 0.29 (SE = 0.05) interactions per bird per 10 minutes. In the afternoon focal 

protocols, the mean frequency of agonistic behaviour was 0.26 (SE = 0.07) interactions per 

bird per 10 minutes. 

 

Affiliative behaviour during the experiment  

 

The general model with affiliative behaviour as the response variable did not show a 

significant interaction between condition and phase (GLMM: χ2 = 0.2, SE = 0.29, p = 0.48). 

Furthermore, the birds did not differ in the frequency of affiliative behaviours between the 

one‐piece and the two‐piece conditions (GLMM: χ2 = 0.25, SE = 0.21, p = 0.23, see Figure 2). 

However, they showed a higher frequency of affiliative behaviour in the after feeding phase 

than in the feeding phase (GLMM: χ2 = 1.52, SE = 0.2, p < 0.001), and behaved more 

affiliatively to related birds than to unrelated birds (GLMM: χ2 = 1.01, SE = 0.2, p < 0.001). 

The interaction between sex of the initiator and sex of the receiver was significant (GLMM: 

χ2 = 2.53, SE = 0.31, p < 0.001): females showed lower frequencies of affiliative behaviour 

towards other females than towards males (Tukey's test: χ2 = 1.62, SE = 0.58, p = 0.005). In 

contrast, the males did not differ in their affiliative behaviour between same and opposite sex 

receivers (Tukey's test: χ2 = 0.91, SE = 0.66, p = 0.17). A non‐significant trend revealed that 

the crows tended to behave less affiliatively in the autumn period than in the summer period 

(GLMM: χ2 = 0.42, SE = 0.24, p = 0.077). There was no change between the summer and the 

winter (GLMM: χ2 = 0.4, SE = 0.29, p = 0.17) and between the summer and the spring periods 

(GLMM: χ2 = 0.18, SE = 0.25, p = 0.45).  
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To test whether the affiliative behaviour in the after feeding phase was a response to 

the feeding situation, we compared the frequency of affiliative behaviour during the focal 

protocols and after feeding in the two different conditions. The birds showed a significant 

difference in affiliative behaviour (Friedman rank sum test: N = 12, χ2 = 12.809, df = 2, 

p = 0.002) between the focal protocols and the after feeding phase of the one‐piece condition 

(Wilcoxon test with Bonferroni correction: V = 1, p = 0.003) and the two‐piece condition 

(V = 1, p = 0.003). In the after feeding phase of the one‐piece condition, the birds affiliated on 

average in 5% of all agonistic interactions. In the after feeding phase of the two‐piece 

condition, the birds affiliated in 4% of all agonistic interactions. In general, the average 

frequency of affiliative behaviour was 0.58 interactions per bird per 10 minutes in the after 

feeding phase of the one‐piece condition and 0.59 (SE = 0.11) per 10 minutes in the two‐piece 

condition (SE = 0.16). The birds showed higher frequencies of affiliative behaviour in the 

after feeding phase than during the focal protocols outside of the experiments. This was also 

the case when we split up the focal protocols in morning (Wilcoxon test with Bonferroni 

correction: focals—one‐piece condition: V = 6, p = 0.014; focals—two‐piece condition: V = 8, 

p = 0.024) and afternoon protocols (Wilcoxon test with Bonferroni correction: focals—one‐

piece condition: V = 6, p = 0.014; focals—two‐piece condition: V = 8, p = 0.024). In the 

morning focal protocols, the mean frequency of affiliative behaviour was 0.12 (SE = 0.02) 

interactions per bird per 10 minutes. In the afternoon focal protocols, the mean frequency of 

affiliative behaviour was 0.1 (SE = 0.02) per 10 minutes. 

 

Testing for third party affiliation and reconciliation 

 

We tested the correlation of the frequency of agonistic behaviour on a dyadic level 

(per dyad; socio-metric data) from the feeding phase with the frequency of affiliative 

behaviour after feeding (see Table 1 and 2). Because post-conflict behaviour may be affected 

by conflict intensity, we split our data into data subsets of contact and non-contact aggression 

(assuming the former to be more severe than the latter) as well as into the two different 

conditions, one-piece and two-piece condition (difference in conflict frequency, see above). 

 

Contact aggression  

In the one‐piece condition, initiators of aggression during feeding showed affiliative 

behaviour after feeding to third parties (individuals not involved in the conflict). They also 
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tended to receive affiliative behaviour after feeding (see Table 1) from third parties. In the 

two-piece condition, receivers of aggression during feeding showed and received affiliative 

behaviour after feeding condition to third parties. Aggressors did not receive affiliative 

behaviour after feeding. 

 
Table 1 Results of Mantel tests. Correlation of contact aggression during feeding and affiliative behaviour 
after feeding split in the two food conditions to test for reconciliation and third party affiliation. 

 
One-piece condition Two-piece condition 

Initiator 
Aggression 

Receiver 
Aggression 

Initiator 
Aggression 

Receiver 
Aggression 

Initiator Affiliation r=0.33, p=0.024 r=0.065, p=0.682 r=0.047, p=0.637 r=0.436, p=0.031 
Receiver Affiliation r=0.212, p=0.073 r=0.068, p=0.653 r=0.067, p=0.576 r=0.296, p=0.049 

 
 

Non-contact aggression  

In the one-piece condition, initiators of aggression during feeding showed affiliative 

behaviour after feeding to former victims of aggression (see Table 2). In the two-piece 

condition, receivers of aggression tended to show affiliative behaviour after feeding to third 

parties.  

 

In sum, after contact aggression in the two-piece condition former receivers of 

aggression affiliated and received affiliation. In contrast, after non-contact aggression in the 

one-piece condition aggressors affiliated and former victims received affiliation.  

 
Table 2 Results of Mantel tests. Correlation of non-contact aggression during feeding and affiliative behaviour 
after feeding split in the two food conditions to test for reconciliation and third party affiliation. 

 
One-piece condition Two-piece condition 

Initiator 
Aggression 

Receiver 
Aggression 

Initiator 
Aggression 

Receiver 
Aggression 

Initiator Affiliation r=0.289, p=0.044 r=0.223, p=0.081 r=0.059, p=0.429 r=0.218, p=0.079 
Receiver Affiliation r=0.188, p=0.088 r=0.278, p=0.04 r=0.086, p=0.357 r=0.135, p=0.149 
 

 

Discussion 
 

The present study tested whether the relationship structure influences the employment 

of post‐conflict behaviours. To do so, we investigated the use of post‐conflict behaviours in a 

newly formed group of juvenile carrion crows in captivity. We combined behavioural 
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observations with controlled food monopolisation experiments in which we (i) induced 

relatively high rates of agonistic interactions via different feeding conditions, and (ii) 

observed the use of affiliative behaviour between dyads thereafter. To control whether the 

behaviour (agonistic and affiliative) of the birds was a result of the food monopolisation 

experiments, we compared the frequencies of behaviour during and after the experiments with 

the frequency of naturally occurring agonistic and affiliative behaviours observed outside the 

experimental periods (representing the baseline level). 

 

Changes in the social relationships  

 

The analysis of the social relationships between group members revealed a significant 

change over time. In the CSI with all dyads, the mean was highest during the first period of 

the study (summer) and decreased over time. In the CSI including only dyads that interacted 

(actual relationships), the pattern reversed and the CSI was highest in the last period of the 

study in spring (see Figure 1). In other words, the birds had more but weaker social 

relationships at the beginning of the study (shown in the CSI with all dyads) and switched to a 

smaller number of social relationships with higher strength at the end of the study (shown in 

the CSI with interacting dyads). These findings are in line with what is known about the 

development of social relationships in other corvid species. Juvenile ravens, for instance, start 

forming strong affiliative relationships in their first year of life (Gwinner 1964; Haffer & 

Kirchner 1993; Ratcliff 1997) and may exchange affiliative behaviours with more than one 

partner (Braun et al. 2012). An alternative interpretation would be that the crows did not form 

social relationships at the beginning of the study (they interact with others more or less at 

random but do not show particular attachments to specific individuals) and developed them 

during later life. This might be true for the first period of the study—the summer period—

because 40 of 66 possible dyads interacted affiliatively with each other. However, already 

during the second period of the study—the autumn period—affiliative interactions were not 

random anymore, with 17 of 66 possible dyads interacting affiliatively. 

 

Staging conflicts 

 

Conducting the food monopolisation experiment, we managed to induce relatively 

high rates of conflicts, and to study whether conflicts are followed by affiliative interactions. 

In comparison with the baseline level (focal protocols), the frequency of agonistic behaviour 
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during the feeding phase of the one‐piece and the two‐piece condition increased significantly. 

As expected, the frequency of agonistic behaviour differed between experimental conditions, 

but contrary to our prediction, it was higher in the two‐piece than in the one‐piece condition. 

Similarly, a variety of studies have shown that aggression tends to increase when food 

becomes clumped in space (for an overview see Pruetz & Isbell 2000). One possible 

explanation for the crows showing more agonistic interactions in the condition with two food 

pieces rather than with one food piece could be that the crows tried to access the two pieces 

more often than the single piece. Another possible explanation might be that the two food 

pieces were positioned too close to each other. They were thus treated as two parts of the 

same source by the birds. For instance, Pfuhl, Gattermayr, and Bugnyar (2014) recently 

showed that in ravens, the dominant bird of a dyad also tried to monopolise two food pieces 

1 m apart. He was going back and forth between the two locations, each time aggressively 

displacing the subordinate bird. Future studies should examine how the distance between food 

items and different amounts of food presented may influence the monopolisation behaviour 

by varying the distance and the amount of food pieces presented. Because the crows in our 

study reacted differently to one compared to two pieces of food, they seem to be a useful 

model species to carry out more extensive work on the influence of resource distribution on 

behaviour.  

The number of conflicts changed across the observation period, i.e., it increased after 

the summer period (see Figure 2). This change might reflect an effect of season. A seasonal 

increase in aggression is typical for adults of many corvid species living in natural 

environments in winter and spring (i.e. before and during breeding; Roëll 1978; Wingfield et 

al. 1987).  

 

Affiliative behaviour after feeding 

 

Triggered by the relatively high rates of agonistic behaviour during the feeding phase, 

we had expected to observe more affiliative behaviours in the after feeding phase than during 

the feeding phase. Indeed, the crows showed a higher frequency of affiliative behaviours after 

feeding than during the feeding phases. Three hypotheses may account for differences in 

affiliative behaviour between these two phases.  

First, the decrease in affiliative behaviour during feeding is simply a response to the 

increased levels of feeding competition. The crows might have been occupied with feeding 
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and/or fighting for food; after feeding, their affiliative behaviour would just return to baseline 

level. To investigate this hypothesis, we compared the frequencies of affiliative behaviour 

shown in the after feeding phase of the experiment with the frequency of affiliative behaviour 

measured via our focal protocols outside the experiment. We found a significantly lower 

frequency of affiliative behaviours during the focal protocols (daily life situation) than during 

the after feeding phase in the experiment. Hence, the crows not only reached baseline levels 

after feeding but also increased their affiliative behaviours after the feeding phase of the 

experiment.  

  Second, crows have may used third‐party affiliation as post‐conflict behaviour. If this 

hypothesis is true, we expected to find that victims of aggression affiliated with third parties 

and not with their former opponents in the after feeding phase. Supporting this expectation, 

we found a correlation between contact aggression during feeding and affiliative behaviour 

after feeding (see Table 1). In the two‐piece condition, receivers of contact aggression 

behaved affiliative afterwards and receivers of contact aggression received affiliation 

afterwards from third parties. However, this was only the case for the two‐piece condition and 

not for the one‐piece condition and only after severe conflicts.  

Third, crows may have used reconciliation as post‐conflict behaviour. If this 

hypothesis is true, we expected to find that birds affiliated with those individuals with which 

they had engaged in conflicts during the feeding phase. Supporting this prediction, we found 

that receivers of non‐contact aggression in the feeding phase received affiliative behaviour in 

the after feeding phase from former aggressors in the one‐piece condition (see Table 2). This 

was only the case for the one‐piece condition and not for the two‐piece condition and only 

after low‐intensity conflicts.  

However note that unlike in other studies on post-conflict behaviour (e.g. Aureli et al. 

1995; Cordoni & Palagi 2008; Wittig & Boesch 2005), our results do not take into account the 

outcome of each conflict separately. Resting purely on correlations, the differences in 

interaction frequencies measured during different phases could be due to general disturbance 

induced by the experimental schedule and/or stress linked to food competition. However, the 

specificity of the patterns found in the one‐piece and two‐piece conditions strongly suggests 

otherwise. A possible reason for the differences between the one‐piece and the two‐piece 

condition might be that crows were able to choose their nearest neighbours in the two‐piece 

condition and may have avoided feeding at the same food resource than their closest affiliates. 

In the one‐piece condition, conflicts with valuable partners (affiliates) could not be avoided 
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resulting in subsequent affiliative interactions of previous opponents, consistent with 

reconciliatory behaviour. Supporting this explanation, reconciliation occurred only after non‐

contact aggression. In the two‐piece condition, however, birds could avoid feeding at the same 

resource than their closest affiliates. This likely resulted in higher rates of agonistic behaviour 

during feeding with other group members and also more severe conflicts (in the two‐piece 

condition). By avoiding feeding at the same resource than close affiliates, no conflicts with 

valuable partners may arise, resulting in no need for reconciliation. Furthermore, because the 

conflict intensity was high, stress reduction afterwards could be necessary with victims of 

aggression engaging in third‐party affiliation afterwards. This is one of the major reasons why 

third‐party affiliation occurs which has also been confirmed by other studies (Fraser et al. 

2008). Hence, as expected, the crows adjusted their post-conflict behaviour depending on the 

intensity of conflict (contact or non-contact aggression). 

 

Differences to previous studies 

 

The present study provides the first evidence that crows similar to ravens (Fraser & 

Bugnyar 2011, 2010a) but - contrary to many other corvid species (jackdaws, jays and rooks; 

Logan et al. 2013b; Logan et al. 2013a; Seed et al. 2007) — engage in third party affiliation 

and reconciliation. There are several possible explanations: first, these differences might be 

due to different methodological set‐ups applied. For instance, the majority of previous studies 

used purely observational designs on the basis of the PC‐MC (post-conflict matched-control; 

Aureli et al. 1989) method, usually focusing on conflicts occuring outside the food context. 

We, however, designed a controlled food monopolisation experiment to trigger conflicts and 

to increase the chance of post‐conflict behaviours. A similar method has been used to study 

reconciliation in callitrichid monkeys (Callithrix jacchus jacchus; Westlund et al. 2000) 

because in this species conflicts are rare. In a previous study on ravens (Sima et al. 2016) we  

employed the same methodological design as used the present study. We reported crows 

similar findings as observational studies on ravens (Fraser & Bugnyar 2011, 2010a) with the 

using the traditional PC-MC design. In our previous study on ravens (Sima et al. 2016), we 

also implemented a control condition during the feeding experiment (food which is not 

monopolisable). However, in the present study, we omitted the control because of time 

constraints faced during the rapid development of corvids in the first weeks post‐fledging. 

Therefore, we tried to compensate the missing control condition with baseline observations 
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outside the feeding experiment. However, because we compared affiliation rates after 

aggression during feeding with affiliation rates during periods without feeding (focal 

protocols), which were recorded at a different time of the day, the observed differences might 

be due to the occurrence of feeding (e.g., affiliation rates may increase after feeding 

regardless of the occurrence of aggression) and/or the effect of time of the day (i.e., daily 

variation in affiliation rates). We tested for the factor time of the day and did not find an 

effect. Additionally, the results of the present study are very similar to those of our previous 

study on ravens (Sima et al. 2016), making it unlikely that crows’ behaviours were affected 

by different factors (e.g., occurrence of feeding led to decrease in affiliation rates). 

Furthermore, the crows did not just respond to occurrence of food, regardless of aggression, 

but showed behavioural differences between the one‐piece and the two‐piece conditions. 

Second, differences between the studies and species might be due to age differences 

and thus the social structures of the study groups. The studies on rooks, jays and jackdaws 

were conducted with older birds where individuals had already formed pair bonds (Logan et 

al. 2013b; Seed et al. 2007). In contrast, the studies on ravens and the present study on 

carrion crows were carried out before individuals had reached sexual maturity (Fraser & 

Bugnyar 2010a; Fraser & Bugnyar 2011; Sima et al. 2016). The crows had thus not yet 

established an exclusive pair bond, and therefore, social relationships with other affiliates 

(“friends”) existed (which are important to repair after a conflict). Emery and colleagues 

(2007) found that with approximately 6 months of age, social relationships in a group of 

captive rooks were not exclusive, with individuals exchanging affiliative behaviours also 

with non‐partner individuals. In a similar vein, we found higher frequencies of affiliation 

between related individuals than between unrelated ones. Although our sample size was 

relatively low, these findings support recent results by Loretto and colleagues (2012), who 

found frequent exchanges of affiliative behaviours between related individuals in common 

ravens. Future studies could test groups of crows, which have already established a pair bond 

to test our findings.  

We therefore argue that the birds went through a phase of “bond‐tuning” with a 

development from several to only a small number of relatively strong and valuable social 

relationships. The strategy of reconciliation thus represented a crucial post‐conflict behaviour 

during their first year of development where knowledge about individuals is gained and 

social relationships are negotiated. The present findings support the predictions of the 

valuable relationship hypothesis (Aureli et al. 2002), which postulates that in any group of 
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social living animals reconciliation is only likely to be favoured if conflicts disrupt valuable 

relationships. The distribution of these valuable relationships is dictated by the mating and 

social system of a given species interacting with its ecological environment (Watts 2006). For 

instance, in group-living polygamous species maintaining valuable relationships with a wide 

range of individuals should be favoured (Seed et al. 2007). Several strong bonds may be 

crucial to increase reproductive success, defend and raise offspring and secure food resources 

(e.g. primates and other non-primate mammals; Seed et al. 2007). Contrarily, in group-living 

monogamous species the number of strong relationships might be smaller, with the most 

valuable relationship existing between mating partners (e.g. many bird species; Seed et al. 

2007). Many corvid species combine behavioural facets of group‐living polygamous and 

monogamous species: the non‐breeder aggregations involving high degrees of fission–fusion 

dynamics in the early lifespan and the subsequent monogamous phase often paired with a 

territorial lifestyle (Goodwin 1976). Post‐conflict strategies in the form of reconciliation and 

third‐party affiliation should thus be present in all those species mirroring the prevailing 

lifestyle and developmental lifespan.  

Our study adds a crucial facet to the existing knowledge on behavioural plasticity of 

corvids, with crows changing and adapting their post‐conflict behaviour to environmental 

conditions (feeding situation and conflict intensity) and social structure in the group. 

Additionally, we found that the time window between conflicts and post‐conflict behaviours 

can be relatively long; this might be due to the specific context of feeding, where the birds 

focus on foraging as long as food is available. This finding differs from post‐conflict 

behaviour after conflicts outside the feeding context where post‐conflict behaviour follows 

shortly after a conflict.  

A limitation of our study was that we investigated the behaviour of hand‐reared 

individuals living in a captive environment. Future studies of crows and other corvid species 

in their natural environments (and the formation of long‐term field laboratories) are thus 

mandatory to get a better understanding of the role conflict management strategies play in 

species and environments with active selection pressures still at work. In addition, we had a 

relatively small sample size, which lowers the statistical strength of the present study. 

Although this does not affect the main results of our study and still enables comparison with 

previous studies on corvids’ post‐conflict behaviour, further work with larger sample sizes 

and different groups would be desirable. Furthermore, post‐conflict behaviours should be 
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studied in different behavioural contexts to test the impact of context on the use and 

sophistication of conflict management strategies.  

 

Conclusion 

 

With one exception (Sima et al. 2016), studies on post‐conflict behaviour in corvids 

have so far reported either reconciliation or third‐party affiliation. However, by (i) using a 

combination of behavioural observations and controlled food monopolisation experiments, 

and (ii) taking into consideration the prevailing social structure of the study group, we showed 

that both third‐party affiliation and reconciliation play a crucial role in post‐conflict behaviour 

of juvenile crows. Our study thus adds to the growing evidence that social relationships are 

playing a key role in corvids’ social life and—similarly to primates and other social living 

mammals—influence the occurrence of post‐conflict behaviour. 
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APPENDIX 
 

Table 1: Overview of subjects (ID), sex, relatedness (sibling group) and number of siblings (clutch size). All birds hatched 
in 2012. 

ID Sex Sibling Group Clutch size 

Corbie ♂ A 1 

Daisy ♀ B 3 

Soukie ♀ B 3 

Emily ♀ B 3 

Signore ♂ C 4 

Saul ♂ C 4 

Peppi ♀ C 4 

Rainer ♀ C 4 

Didi ♀ D 1 

Varna ♂ E 1 

Juno ♀ F 2 

Lilith ♂ F 2 
 
 

Table 2: Behavioural parameters collected and analysed during experiment and focal protocols. Parameters were broadly 
categorized according to context as affiliative and agonistic. 

Context Parameter Description 
Affiliative Touch/hold One bird makes contact with another bird’s body using its beak 

or foot. This occurs only less than 2 seconds, otherwise its Allo-
Preening 

 
Initiate contact sit One bird approaches another bird and the birds remain next to 

each other (within reaching distance with beak) on a branch. 
 

Allo-Preening One bird touches (for longer than 2 seconds) the feathers of 
another bird with its beak. 

 
Food-Sharing Two or more birds manipulate the same food item  

Agonistic 
Displacement One bird approaches and the other bird retreats within two 

seconds with or without a defensive vocalisation. 

 Peck One bird menaces another bird physically. 
 

Fight Two birds hitting each other with beak (either by jumping at 
each other or by lying on the ground). 

 
Chase One bird rapidly pursues another bird in flight (mostly before or 

after a fight). 
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Composite sociality index 

We used this composite index, rather than investigating the three measures independently, 
because they were highly intercorrelated (Spearman rank correlation) (see also Silk et al. 
2003 using this method on female Savannah baboons Papio cynocephalus).  
 
Preening x Food Sharing rs = 0.26 p<0.001  
Preening x Contact Sit rs = 0.7 p<0.001  
Contact Sit x Food Sharing rs = 0.4 p<0.001.  
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Abstract 
 

Comparative research into the evolutionary roots of language has strongly been biased 

towards non-human primates’ vocalisations and gestures and the elaborated songs of birds. 

This is surprising, since there has been a long ethological tradition of studying visual displays 

in birds. Recently, the first studies emerged investigating the production and function of 

gestural signalling in some bird species. Virtually nothing is known however about the 

development and underlying cognitive complexity of non-vocal signalling in birds. Here, we 

studied the ‘expressive’ repertoire of a specific songbird species, ravens (Corvus corax), with 

a special focus on signal production, flexibility, intentionality and development. The 

communicative behaviour of six hand-raised ravens (Corvus corax; N = 6) living in a captive 

community was recorded during their first year of life. We observed a total of seven actions, 

six displays, and twelve different gesture types. All signal types were used flexibly across 

contexts, with gestures meeting the investigated criteria of intentionality only. Although, the 

number of signal types used increased during ravens’ first year of life, distinct developmental 

milestones could not be assigned. The developmental process of learning how to produce and 

use signals appropriately may be relatively quick in this long-living birds species, with 

survival and reproductive fitness depending crucially on the formation of strong alliances and 

social bonds. The evolution of highly flexible and intentional produced signals may be 

favoured in species characterised by highly cooperative motives and social matrices. 
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Introduction 
 

Human language is one of the most intricate and complex behaviours known and 

clearly distinguishes us from the rest of the animal world (Fitch 2010; Tomasello 2008; 

Wallman 1992). Although the origin of human language has been fascinating scholars for 

many centuries (Darwin 1872), its evolutionary trajectory still remains a ‘mystery’. One 

important tool to tackle this question is the comparative method. It pinpoints similarities and 

differences in the behaviour of non-human animals to then draw informed inferences about 

the behaviour of our extinct hominin ancestors (e.g. Arbib 2017; Fitch et al. 2005; Seyfarth & 

Cheney 2017; Zuberbühler 2003).  

To date, investigations into the evolutionary roots of human language have mainly 

been focusing on non-human primates (hereafter primates) vocalisations and songs of birds ( 

Catchpole & Slater 1995; Snowdon 2017). The last decade, however, has seen a dramatic 

increase in research studies examining bimodal (combination of a display/gesture with a 

vocalisation) (Fröhlich et al. 2016b; Genty et al. 2014; Higham & Hebets 2013; Hobaiter et 

al. 2017; Luef & Pika 2017; Liebal et al. 2013;) as well as gestural signalling (Call & 

Tomasello 2007; Hobaiter & Byrne 2014; Pika & Liebal 2012; Prieur et al. 2016;).  

Research interest into bimodal signalling (see Box 1 for definition) has only recently 

been revived (Slocombe et al. 2011), with the first studies focusing on our closest living 

relatives, the bonobos (Pan paniscus) and the chimpanzees (Pan troglodytes). Bonobos have 

been observed to combine a distinct call type, ‘contest-hoots’, with gestural signals to 

indicate the desire to interact with conspecifics (Genty et al. 2014). Studies on chimpanzees 

in their natural environments showed that they mainly rely on either gestures or vocalisations, 

with bimodal signalling being restricted to contexts and evolutionary urgent situations where 

misinterpretation of signals may be particularly costly (Hobaiter et al. 2017; Luef & Pika 

2017).  

Research on gestural signalling, however, dates back to the pioneering studies of 

Goodall (1968), Kummer (1968), and Schaller (1963). In recent years, research has 

particularly been devoted to distinct aspects representing key hallmarks of human language 

— flexibility, intentionality, learning and reference (Call & Tomasello 2007; Leavens & 

Hopkins 1998; Pika & Liebal 2012; Pika & Mitani 2006; Plooij 1978). The studies provided 

evidence that apes use their gestures as flexibly produced intentional (see Box 1 for 

definitions) means characterised by (i) recipient specificity (see Box 1), (ii) goal persistence, 

(iii) means-ends dissociation, and (iv) adjustment to audience effects (Call & Tomasello 
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2007; Fröhlich et al. 2016a; Hobaiter & Byrne 2011a; Leavens et al. 2005; Leavens & 

Hopkins 1998; Pika & Liebal 2012; Roberts et al. 2014). Furthermore, some ape species (Pan 

paniscus; Pan troglodytes) use gestures as referential means to draw the attention of 

conspecifics to specific entities and/or events (Douglas & Moscovice 2015; Pika & Mitani 

2006). Concerning the learning of gestures, different mechanisms have been suggested 

including phylogenetic ritualization, ontogenetic ritualization, social transmission via 

imitation, and social negotiation (Byrne et al. 2017; Pika & Fröhlich 2018; Plooij 1978; 

Tomasello & Call 1997). The existing studies on gestural development have focused on the 

onset, developmental trajectories and contextual usage of gestural signals (Bard et al. 2014; 

Halina et al. 2013; Schneider et al. 2012: Tomasello et al. 1997;) in mainly captive 

environments. Recently however, Fröhlich and colleagues (2017; 2016a; 2016b) carried out 

the first cross-species and cross-site comparison of gestural development in chimpanzees 

living in their natural environments. Focusing on a distinct communicative function — 

initiation of joint travel — they found that gestures do not represent innate, fully formed 

means, but are the result of social negotiation. In this learning process, gestures are the output 

of social shaping, shared understanding and mutual construction in real time by both 

interactants (Fröhlich et al. 2016b; Pika & Fröhlich 2018). 

Surprisingly, although visual signals of non-primate species have fascinated scholars 

since centuries, empirical research into displays and/or non-vocal signalling of non-primate 

species lays fallow since the detailed studies of Huxley, Heinroth, Lorenz, Tinbergen and 

Wickler (Huxley 1914; Heinroth & Heinroth 1928; Lorenz 1941, 1951; Lorenz 1966b, a; 

Tinbergen 1951, 1959; Wickler 1966; see for review, Pika 2016). The only exceptions are 

investigations into the function and flexibility of elaborate sexual displays of birds such as 

bowerbirds (Chlamydera maculata, Borgia 1995; e.g. Amblyornis inornatus, Kusmierski et 

al. 1997), and manakins (Manacus vitellinus, Fusani et al. 2007), and bimodal displays of 

foot-flagging frogs (Micrixalus saxicola and Staurois parvus, Preininger et al. 2013) and 

male fowls (Gallus gallus, Smith et al. 2011). In addition, a few studies investigated whether 

the production of gestures of non-primate species is characterised by flexibility, 

intentionality, and/or reference (see Box 1 for definitions) (e.g. Pika & Bugnyar 2011; Smuts 

2002; East et al. 1993; Vail et al. 2013; Jarvis 2004; Smith et al. 2011; Xitco et al. 2004).  

To date, the flexibility of gestural production and/or displays has been examined in a 

few bird species (Australian magpies, Gymnorhina tibicen, Kaplan 2011; jungle fowl, Smith 

et al. 2011; e.g. ravens, Corvus corax, Gwinner 1964). For example, Smith and colleagues 
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(2011) showed that subordinate male fowls express variation in the structure of their displays 

depending on the attentional state of the recipient.  

Evidence for first-order intentionality3 of gesture production has been reported in 

some bird, fish and non-primate mammal species (ravens, Pika & Bugnyar 2011; Australian 

magpies, Kaplan 2011; fish, e.g. Plectropomus pessuliferus, Vail et al. 2013; dolphins, 

Tursiops truncatus, Xitco et al. 2001; horses, Equus caballus, Malavasi & Huber 2016). The 

diversity of key hallmarks of intentionality (Bates 1979; Fröhlich et al. 2017; Leavens, et al. 

2005) assessed in these studies however varies considerately across studies and species. Vail 

and colleagues (2013) for example investigated whether inter-specific communciative 

interactions between groupers (Plectropomus pessuliferus) or wrasses (Chelinus undulatus) 

with morays (Gymnothorax javanicus) are characterised by five criteria for gestural 

signalling: directed towards a referent, mechanically ineffective for any purpose other than a 

signal, directed towards a potential recipient, receive a voluntary response and demonstrate 

hallmarks of intentional production. Malavasi & Huber (2016) only tested the parameters 

gaze alternation, pointing or head ‘gestures’ in horses without testing for the key criteria of 

gestural signalling (Pika 2009). 

The use of referential signalling has been studied in some bird species (ravens, Pika & 

Bugnyar, 2011, Australian magpies; Kaplan 2011), coral reef fish (Vail et al. 2013), and a 

variety of non-primate mammal species (dogs, Canis lupus familiaris, Gaunet & Deputte 

2011; dolphins; Xitco et al. 2004; horses, Malavasi & Huber 2016; wolves, Canis lupus, 

Virányi et al. 2008; seals, Halichoerus grypus, Shapiro et al. 2003). Systematic comparisons 

of referential skills are however severely hampered by differences in methodology such as for 

instance intra- versus interspecies interactions. For example, coral reef fish and dolphins 

(Xitco et al. 2004; Vail et al. 2013) seem to indicate the start of an activity or location of an 

object to other fish (groupers, wrasses) respectively human caretakers (dolphins). Dogs use 

gaze alternation to indicate the position of a toy to a human experimenter (Gaunet & Deputte 

2011), while Australian magpies perform “beak pointing” to inform conspecifics of nearby 

predators (ravens, Pika & Bugnyar 2011; Kaplan 2011; fish, e.g. Plectropomus pessuliferus, 

Vail et al. 2013; dolphins, Tursiops truncatus, Xitco et al. 2001; horses, Equus caballus, 

Malavasi & Huber 2016).  

																																																								
3	First-order	intentionality	implies	that	a	signaller	holds	beliefs	or	desires	(add	Dennett,	D.C.	(1983).	Intentional	systems	in	
cognitive	ethology:	The	‘Panglossian	paradigm’	defended.	Behavioral	and	Brain	Sciences	6,	343-390).	For	instance,	the	signaller	
intends	for	a	begging	gesture	to	produce	a	response	in	the	recipient,	namely	a	food	transfer	(Fröhlich,	Wittig,	and	Pika,	submitted.	
The	ontogeny	of	intentional	communication	in	chimpanzees	in	the	wild).	
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Although, social learning has been extensively studied in the songs of three different 

distantly related bird families (parrots, hummingbirds, and songbirds) as well as vocalisations 

of some non-primates mammals (bats, cetaceans, elephants, and seals; Nottebohm 1972; 

Rendell & Whitehead 2001; Jarvis 2004; Poole et al. 2005; Janik & Slater 1997; Ralls et al. 

1985), relatively little is known about the learning mechanisms underlying the production of 

displays or gestures in non-primate animals (but see Moynihan 1959; Stamps 1978).  

Recently, a lot of research attention has been devoted to the cognitive and 

communicative complexity of a specific member of the corvid family – ravens (Pika & 

Bugnyar 2011; Bugnyar 2013). Ravens are songbirds (clade Passeri), and show a relatively 

high degree of song learning, including the ability to mimic the songs of other birds and 

human speech, along with environmental sounds (Heinrich 1989; Gwinner & Kneutgen 1962; 

Lorenz 1939; Gwinner 1964). They are known to possess relatively large call repertoires, 

which are individually distinctive (Enggist-Dueblin & Pfister 2002) but seem to converge in 

mated pairs (Luef et al. 2017). In addition, ravens are able to recognize and remember other 

conspecifics based on their long-distance calls (Boeckle & Bugnyar 2012). Although 

Gwinner (1964) in the middle of the last century provided a detailed description of the 

‘expressive’ repertoire of ravens, the underlying cognitive complexity is nearly unexplored 

(but see Pika & Bugnyar 2011). Recently, Pika and Bugnyar (2011) provided evidence that 

ravens, living in non-breeder aggregations in their natural environments, also have 

sophisticated gestural abilities: They use referential gestures to direct the attention of 

conspecifics to distinct objects. These findings suggest, that ravens — which are renowned 

for their physical and social cognitive skills (capability of experience projection, tactical 

deception, understanding of third-party relations) (Bugnyar 2013; Bugnyar et al. 2016; 

Massen et al. 2014)— may also rival primates in their non-vocal communicative abilities. 

However, the study focused on two distinct gestures only, and did not enable a detailed 

understanding of the ‘expressive’ repertoire of ravens’, developmental trajectory and 

underlying cognitive complexity. 

Here, we thus carried out the first systematic and comprehensive study into ravens’ 

gestural and display repertoire with a special focus on signal production, flexibility, 

intentionality and development. The communicative behaviour of six hand-raised ravens was 

studied consecutively across their first year of life. This unprecedented approach enabled us 

to collect a detailed and comprehensive data set of the whole complexity of ravens’ 

communicative signalling, which is to date still impossible in real live settings. Because of 

the extensive work on vocalisations in ravens (Boeckle et al. 2012; Boeckle & Bugnyar 2012; 
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Enggist-Dueblin & Pfister 2002; Heinrich & Marzluff 1991; Luef et al. 2017), the current 

study focused only on their non-vocal and display repertoire. 

We addressed the following three questions:  

 1) Which displays and gestures characterise the communicative repertoire of ravens? 

To investigate this question, we focused our attention on displays described in previous work 

(Gwinner 1964; Heinrich 1989; Heinrich & Marzluff 1991; Heinrich 1991 Lorenz 1939; Pika 

& Bugnyar 2011) and gestures. Displays have been traditionally defined as conspicuous 

stereotyped movements performed in special contexts (e.g. mating) with an apparent 

communicative function (Shettleworth 2009). Gestures are defined as directed, mechanically 

ineffective movements of the body, head and extremities that elicit (‘request’) a voluntary 

response by the recipient (Bates 1979; Bruner 1981; Pika 2008b).  

2) Are signals of ravens used in flexible and intentional ways? To shed light on the 

underlying flexibility of signal usage, we investigated whether they were characterised by 

means-ends dissociation – for instance, if the same signal was performed in different contexts 

and if several signals were used within the same context (Pika et al. 2003; Plooij 1978). To 

examine, whether ravens used their signals as intentional produced means, we applied two 

key parameters used in pre-linguistic and non-human primate research: response waiting and 

goal persistence (see Box 1 for definitions; Shettleworth 2009). Since displays have been 

characterised as not learned and characterised by a relatively high degree of rigidity (e.g. 

Lorenz 1965;  Marler & Hamilton 1966; Schleidt 1974; Tinbergen 1942), we predicted that 

only gestures would fulfil the criteria of intentionality (Golinkoff 1986; Leavens et al. 2005). 

3) How do displays and gestures develop across ontogeny? To address this question, 

we assessed the production of displays and gestures in ravens throughout their first year of 

life. Although the development of communicative signalling has not been investigated in 

ravens, studies on general development behaviour (caching behind visual barriers, Bugnyar et 

al. 2007; formation of coalitions, Loretto et al. 2012; gaze following and following gaze of 

humans geometrically behind obstacles, Schloegl et al. 2007) suggest a change of behaviour 

throughout the first year of life. In the present study, we especially paid attention to the 

frequency of signal production and assessed whether gestural ontogeny can be characterised 

by developmental milestones. For instance, gestural development in human children and 

chimpanzees is characterised by a shift from non-intentional to intentional produced gestures 

between the age of 9-12.5 months (Plooij 1979). 
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Box 1 Glossary  

Bimodal signal: The combined use of two signal modalities, e.g. gesture and vocalisation (Luef & Pika 2017; 

Rowe 1999). 
Intentionality: To qualify as first-order intentional behaviour, signallers have to act in a goal-directed way, 

produce voluntary, recipient-directed signals as a means to reach the desired goal, with the signalling behaviour 

eliciting a change in the recipient’s behaviour (Bates 1979; Bruner 1981; Leavens & Hopkins 1998; Leavens 

et al. 2005) 

Goal persistence: the signaller elaborates his signalling when thwarted, e.g. by repeating and exaggerating the 

signal or by using a different communicative means (Golinkoff 1986; Leavens et al. 2005).  

Means-end dissociation: dissociation between signal and goal; a key hallmark of flexible signal use and refers 

to the flexible relation of signalling behaviour and the goal (Bates 1979; Bruner 1981; Pika 2008b). 

Adjustment to audience effect: taking the recipients’ attentional state into consideration for example by (a) 

adapting the signal category to the attentional state of the recipient and/or (b) moving in the recipient’ s visual 

field before producing a gesture (Call & Tomasello 2007; Liebal & Pika 2005; Pika et al. 2005a; Pika et al. 

2005b). 

Referential signalling: draw the attention of conspecifics to third entities and/or events (Douglas & Moscovice 

2015; Evans 1997; McNeill 1992; Pika & Mitani 2006). 

Response waiting: The signaller waits after the signal has been produced (for at least two seconds), expecting a 

response while maintaining visual contact (Tomasello et al. 1985). 

 

Methods 
 

Subjects and study side 

 

We investigated the expressive behaviour of six hand-raised ravens (two females, four 

males) living in a group of a total of ten individuals (seven males, three females). The ravens 

were all born in captivity in March 2012 and obtained at 25–38 days of age (fledging 

~45 days) from two zoos in Austria, one zoo in Germany and one zoo in Sweden from their 

parents. Three of our subjects were first generation born in captivity (i.e. their parents were 

wild-born), and three of our subjects were second generation born in captivity (i.e. their 

grandparents were wild-born) (see Miller et al. 2016 for more details on rearing history). All 

ravens were hand-raised at the Haidlhof Research Station (HRS), an outdoor lab of the 

University of Vienna and the University of Veterinary Medicine in Vienna, Austria. The first 

weeks, the ravens were hand-reared in artificial nests (chicks originating from the same 

parents were kept in the same carton box with wooden sticks and leaves). The rearing process 

took place in a smaller room to mimic “natural” conditions as good as possible. Only after 
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fledging (~45 days) the birds were moved to an outdoor aviary. The whole study community 

of ravens consisted of four sibling groups. All individuals were marked with coloured rings 

on their legs to enable individual identification. The raven aviary was composed of two 

different sections. A big section (10x10x4.5 meters) contained natural vegetation and diverse 

ground cover including wood chips, soil and gravel. A small section (4x3x4 meters) 

contained sand-floor and a few perches. The ravens were fed twice a day, between 08:00-

09:00 o’clock am and between 12:00 and 03:00 o’clock pm. Water was freely available 

throughout the day.  

 

Observational Procedure 

 

The observational period started at the beginning of June 2012 after the birds had 

fully fledged and started to feed independently. It continued until the end of December 2012 

(total of 6 months). Additionally, systematic observations took place at two consecutive time-

points: after nine months (February 2013) and after one year after hatching (May 2013). The 

observations were randomly distributed and took place from Monday till Friday between 

09:00 o’clock am and 05:00 o’clock pm.  

Non-vocal and display behaviour of the study individuals was recorded on an opportunistic 

basis (sampling rule: behaviour sampling; recording rule: continous recording; Altmann 

1974). We used a High-definition camera (Canon Legria HF S10) and an external 

unidirectional microphone (Sennheiser). This method resulted in a total of 127 hours of video 

footage of communicative interactions (21 hours/focal animal). 

 

Video Coding Procedure and reliability 

 

To enable subsequent analyses, a total of 1921 high quality video files of the birds’ 

communicative interactions were coded using the program Adobe Premiere Pro CS 6 

(version 6.0.0). Based on established parameters used in previous studies on great ape (Pika 

et al. 2003; Pika & Mitani 2006; Pika et al. 2005b) and raven bimodal and non-vocal 

signalling (Gwinner 1964; Pika & Bugnyar 2011) a coding scheme was developed. Gestures 

were divided into tactile-visual (signals including physical contact between sender and 

recipient and a visual component), visual (signals including a mainly visual component), and 

tactile (signals including physical contact between sender and recipient) (Pika et al. 2003).  
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To assess whether signals were used in a flexible way, we investigated their usage 

across six different contexts — affiliative, agonistic, defensive, feeding, play, and resting 

context. These contexts have been described as the most common behavioural contexts in 

ravens (Gwinner 1964; Heinrich & Smolker 1998; Heinrich 1991).   

 

Affiliative: A bird interacts in a friendly manner with another individual. 

Agonistic: Threatening or aggressive behaviour directed towards another 

individual. 

Defensive: Submissive behaviour towards another dominating or aggressive 

individual. 

Feeding:  A bird ingests food (or other edible substances) with its beak. 

Play: A bird is performing a behaviour in a “non-serious” manner (i.e. 

where there is no intention to harm). 

Resting: A bird is stationary and generally inactive, typically perching at a 

branch. 

 

In addition, we measured if the signals were accompanied by one or two key 

characteristics of intentional communication: response waiting and goal persistence (see Box 

1; Bates 1976; Pika et al. 2003). Although many studies also test for the criteria of adjustment 

to audience effects as key criterion for intentional communication (recently reviewed by  

Townsend et al. 2016), we could not reliably measure this parameter since in birds with 

laterally placed eyes (like ravens) it is difficult to disentangle if birds are attentive or not. 

Two visual fixation strategies have been proposed for birds with laterally placed eyes: (1) 

fixating only one fovea on a visual target using monocular vision (Maldonado et al. 1988), 

and (2) quickly alternating between the two foveae using the monocular fields of both eyes 

(Dawkins 2002). 

 

Five percent of all recorded communicative interactions were coded for accuracy by a 

second observer and tested using the Cohen's Kappa coefficient to ensure interobserver 

reliability (Altmann, 1974). A ‘very good’ level of agreement was found for behaviour type (j 

= 0.832) and context (j = 0.856). The level of agreement for type of response (j = 0.76), 

response waiting (j = 0.71) and goal persistence (j=0.753) was ‘good’. 
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Statistical Analysis 

 

Repertoire  

 To establish the expressive repertoire of ravens, we focused on displays and gestures, 

which had been described previously (Bates 1979; Bruner 1981; Gwinner 1964; Heinrich 

1989; Heinrich 1991; Heinrich & Marzluff 1991; Pika & Bugnyar 2011). Furthermore, we 

also included behaviours, which had already been observed during pilot observations and 

potentially served a communicative function. Displays were clustered based on previous 

studies whereas all other possibly communicative non-vocal signals were clustered in either 

“actions” or “gestures”. The behaviours which fulfilled in the majority of observed instances 

(≥ 60%) all three criteria of the applied gesture definition (Pika & Bugnyar 2011), were 

included in the subsequent statistical analyses as “gestures”: They had to be directed to a 

recipient (e.g. not directed: using a signal when non conspecific is nearby), mechanically 

ineffective (e.g. mechanically effective: push bird so that it tumbles), and had to receive a 

voluntary response (e.g. no voluntary response: bird falls due to the strength of action). 

Behaviours that only fulfilled 1-2 of the criteria were classified as “actions”. Only signals that 

had been observed two times were included in the subsequent statistical analyses (Pika et al. 

2005b).  

To create a baseline of general termini of signals, we adopted the “verb first” 

principle (putting verbs in front of nouns or adjectives to describe behavioural patterns) (e.g. 

grab intention and kick intention Nishida et al. 1999; Pika 2007). Furthermore anatomical 

elements or locations (e.g. beak snapping) were added if they were necessary for the 

differentiation of ambiguous terms. We tried to adopt similar terms used in previous studies 

to enable direct comparison (Gwinner 1964; Pika & Bugnyar 2011). Termini of displays were 

compiled from former studies (Gwinner 1964; Heinrich 1989; Heinrich & Marzluff 1991; 

Heinrich 1991) and did not follow the verb first principle but often included description of 

the behaviour in the termini (e.g. thick head posture; see Table 2 for details).  

We plotted the cumulative numbers of observed signal types over time for all 

individuals (for actions, displays and gestures separately). If an asymptote was reached (i.e. 

no further signal types were observed), we concluded that we had observed the individual’s 

full repertoire in our respective study period (Fröhlich et al. 2016b; Hobaiter & Byrne 

2011a). We measured the relationship between an individual’s final repertoire size and the 

total time that individual had been observed using the Spearman R statistic.  
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Table 2 Signals observed according to their signal category in association with a short description identified in 
this and other studies on ravens (Fraser & Bugnyar 2010; Gwinner 1964, Heinrich 1989, Heinrich & Marzluff 
1991, Heinrich 1991,). 

																																																								
	
1Gwinner,	E.	1964.	Untersuchungen	über	das	Ausdrucks-	und	Sozialverhalten	des	Kolkraben	(Corvus	corax	corax	L.).	Zeitschrift	für	
Tierpsychologie,	21,	657-748.	
2	Heinrich,	B.	1989.	Ravens	in	winter:	Summit	Books.	
3	Fraser, O. N. & Bugnyar, T. 2010b. The quality of social relationships in ravens. Animal Behaviour, 79, 927-933. 
4	Heinrich, B. & Marzluff, J. M. 1991. Do common ravens yell because they want to attract others? Behavioral Ecology and 
Sociobiology, 28.	

 

   Signal  Definition 

Visual Gestures 
beak snapping The signaller opens/closes his beak <1 without physical contact1. 
grab intention The signaller moves a claw into the direction of recipient, without tactile contact 

while sitting in contact sit. 
kick intention The signaller moves a leg relatively quick towards the recipient without physical 

contact. 
object offer The signaller is picking up an object, holds it up in the beak and moves the head 

up- and/or downwards repeatedly. 
peck intention The signaller indicates fast pecking movement in the direction of the recipient 

without physical contact. 
show object The signallers is picking up an object, holds it up in the beak, head straight or tilted 

upwards, and stays in this position. 
stare down The signaller lowers his beak underneath the beak of the recipient. 
turn head The signaller moves the head in the opposite direction (>90°)of the recipient and 

consequently faces the opposite direction. 
Tactile Gesture 
hold onto The signaller grasps with the beak the feathers or the beak of the recipient and 

remains like this for >2 seconds (without moving his beak). 
nibble The signaller gently bites on the feathers of the recipient, which always results in 

the movement of feathers. 
poke The signaller nudges softly parts of the recipient’s plumage. 
step on The signaller stands on an object which the signaller and the recipient hold. 
 
Displays 
duck The signaller makes himself smaller in body size resulting in a submissive 

posture1,4. 
ear-tuft intimidation The signaller fluffs his trouser and ear feathers resulting in tufted ear feathers 

and/or  
display feather trouser1,. 
knocking The signaller moves his wings, often dropping the wings accompanied by a 

"knock-knock-knock" vocalisation1,2. 

noncontact threat The signaller increases in body size and stretches in height resulting in a dominant  
display posture1,5. 
self-aggrandizing This signaller performs a ‘self-assertive-display‘ that includes tufted ear feathers,  
display bowing, fanning of the tail feathers, accompanied by a vocalisation 1,2. 
thick head posture The signaller fluffs all the feathers of the head1,4. 
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Signal flexibility and intentionality 

 

To investigate the flexibility of signals, we analysed whether they were produced in 

different contexts and whether several signals were performed within the same context 

(Smith 1965; Plooij 1979).  

To test whether ravens use non-vocal signals as intentional means and to gain insight into 

their development, we used Generalized Linear Mixed Models (GLMM; Baayen et al. 2008) 

with a binomial error structure and logit link function. The models were implemented in the 

statistical software R 3.3.1 (R Development Core Team 2011) using the function glmer of the 

package lme4 (Bates et al. 2015). We calculated two different models: Into these models, we 

included age (in weeks, range = 9-57) and signal category (3 levels: action, display and 

gesture) as our key test predictors (Forstmeier & Schielzeth 2011; Mundry 2014). As control 

predictors in the model, we included sex of signaller (2 levels: female, male), and sex of 

recipient (2 levels: female, male). As random effects (intercepts), we included signaller, 

recipient, and dyad identity as well as relation to recipient (two levels: kin or non-kin) into 

the model. To keep type 1 error rates at the nominal level of 5%, we also included sex of 

signaller, sex of recipient, age and signal category within subject identity (signaller and 

recipient) as random slopes components. To assess the overall significance of our key test 

predictors, we compared the full models (with interactions, fixed factors and random effects) 

with the null models comprising only the control predictors and all random effects using a 

likelihood ratio test (LRT; Dobson & Barnett 2008). As response variable we used I) 

response waiting (two levels: yes/no) and II) goal persistence (two levels: yes/no). 

 

 
Actions 
grab  The signaller moves a claw into the direction of recipient, with tactile contact while 

sitting in contact sit. 
kick The signaller moves a leg relatively quick towards the recipient with physical 

contact. 
move beak The signaller manipulates the beak of the recipient either by pushing or pulling it 

or trying to open it with its own beak. 
peck The signaller hits the recipient with the beak. 
pull The signaller is drawing on a bunch of feathers of the recipient. 
stand on The signaller positions a foot on a body part of another individual. 
take object The signaller removes food/object out of the recipient’s beak. 
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Results 
 
Repertoire  

 

We recorded a total of 25 different behaviours including the six described displays. 

From the 19 other possibly communicative non-vocal signals, twelve behaviours fulfilled all 

three gesture-criteria, whereas seven qualified as actions (see Table 3 for details).  

 
Table 3 Analysis if behaviours meet the gesture criteria. Excluded are the described displays from previous 
studies.  

Behaviour Directed to recipient Mechanically ineffective Voluntary response 

Gestures    

beak snapping 100%1 (N2 = 100) 99% (N = 100) 96% (N = 100) 

grab intention 100% (N = 31) 100% (N = 31) 100% (N = 31) 

hold onto 100% (N = 6) 83.3% (N = 6) 83.3% (N = 6) 

kick intention 100% (N = 65) 100% (N = 65) 100% (N = 65) 

nibble 100% (N = 143) 96.5 % (N = 143) 97.9% (N = 143) 

object offer 100% (N = 113) 100% (N = 113) 100% (N = 113) 

peck intention 100% (N = 54) 100% (N = 54) 100% (N = 54) 

poke 100% (N = 36) 94.4% (N = 36) 94.4% (N = 36) 

show object 81.9% (N = 116) 100% (N = 116) 100% (N = 116) 

stare down 100% (N = 67) 100% (N = 67) 100% (N = 67) 

step on 100% (N = 45) 91.1% (N = 45) 91.1% (N = 45) 

turn head 100% (N = 2) 100% (N = 2) 100% (N = 2) 

Actions    

grab 100% (N = 60) 20% (N = 60) 20% (N = 60) 

kick 100% (N = 118) 16.9% (N = 118) 21.2% (N = 118) 

move beak 100% (N = 18) 33% (N = 18) 33% (N = 18) 

peck 100% (N = 3) 0% (N = 3) 0% (N = 3) 

pull 100% (N = 2) 0% (N = 2) 0% (N = 2) 

stand on 100% (N = 2) 0% (N = 2) 0% (N = 2) 

take object 100% (N = 9) 55.6% (N = 9) 77.8% (N = 9) 
1Numbers represent the percentages how often the observed behaviours met the criteria.  
2Numbers in brackets represent the amount of observed instances.  

 

Individuals used on average three actions ± SD=0.4, four displays ± SD=0.5, and 11 

gestures ± SD=0.8. The actions were all tactile. Two of the displays were bimodal (visual and 

vocalisations; ‘knocking’ and ‘self-aggrandizing display’), whereas the other four were 
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purely unimodal visual signals. The gestures consisted of eight visual gestures and four 

tactile gestures. 

To ensure that our assessment of individuals’ non-vocal and display repertoires had 

approached and/or reached asymptote, we plotted the cumulative repertoire of actions, 

displays and gestures over time (see Figure 1). Asymptotes of displays and gestures, but not 

actions, were reached (see Figure 1). In the last month of observation, the display and the 

gesture repertoire did not increase anymore; therefore we concluded that we had observed the 

repertoires of all individuals of the observation period. Concerning the repertoires of these six 

individuals, there was no correlation between the observed time for the individual and the 

final repertoire of each individual (gestures: Spearman’s R = 0.194, P = 0.713; displays: 

Spearman’s R < 0.0001, P > 0.999; actions: Spearman’s R = 0.061, P = 0.909). Thus, we 

concluded to have observed the full repertoires employed by our individuals in our respective 

context and study periods.  

 

 

Figure 1 Development of the non-vocal repertoire. Cumulative number of gestures, displays and actions used 
across age (presented in weeks)  
 

Signal Flexibility  

Gesture performance was not evenly distributed across contexts: gestures were mainly 

produced in the play (42.47%), the affiliative (30.13%), and the agonistic contexts (22.34%), 

while the feeding (4.16%), the defensive (0.78%), and the resting context (0.13%) did not 

elicit high frequencies of gestural signalling.  
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Concerning means-end dissociation, one gesture (“nibble”) was used in four different 

contexts and three gestures were only used in one context (“hold onto”, “step on”, “turn 

head”; for details see Table 4). Eight different gestures were produced in the play context, 

whereas five different gestures were produced in the affiliative context and in the agonistic 

context. In the feeding context four different gestures were used, in the defensive context 

three, and in the resting context only one gesture was used.  

Displays were mainly performed in the defensive context (57.93%) but also in the 

agonistic (30.18%), resting (11.28%) and in the affiliative context (0.61%). Only one display 

was used in three contexts (“thick head posture”) and two were only used in one context 

(“knocking”, “Self-aggrandizing display“; for details see Table 4). Five different displays 

were used in the agonistic context, three in the defensive context, two in the resting context 

and one in the affiliative context. No display was produced in the affiliative context.   

Actions were mainly performed in the agonistic (42.86%) and in the play context 

(40%), but also in the feeding (7.39%), the affiliative (6.4%) and the defensive context 

(6.4%). Two actions (“grab”, ”kick”) were used in four different contexts, whereas four 

actions were only produced in one context (“peck”, “pull”, “stand on”, “take object”; for 

details see Table 4). Four different actions were produced in the agonistic context, three 

different actions were produced in the affiliative -, in the feeding and in the play context and 

two different actions were produced in the defensive context.  
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Table 4 Usage of signals across contexts [%] 

 

 

 

 

 

 

 

 

 

 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1Numbers represent the percentages how often the behaviours were observed in the respective context.  
 

 

Intentional usage 

 

To investigate whether the ravens use non-vocal and display signals in intentional 

ways, we examined response waiting and goal persistence (including actions, displays and 

gestures). The test predictor signal category had a clear impact on the frequency of response 

Behaviour affiliative agonistic defensive feeding play resting 

Gestures       

beak snapping 0%1 96.84% 3.16% 0% 0% 0% 

grab intention 0% 14.81% 0% 0% 85.19% 0% 

hold onto 100% 0% 0% 0% 0% 0% 

kick intention 0% 28.13% 1.56% 0% 70.31% 0% 

nibble 94.41% 1.40% 0% 0.70% 3.50% 0% 

object offer 0% 0% 0% 6.19% 93.81% 0% 

peck intention 0% 96.30% 0% 1.85% 0% 1.85% 

poke 80.56% 11.11% 0% 0% 8.33% 0% 

show object 1.72% 0% 0% 12.93% 85.34% 0% 

stare down 98.51% 0% 0% 0% 1.49% 0% 

step on 0% 0% 0% 0% 100% 0% 

turn head 0% 0% 100% 0% 0% 0% 

Displays       

duck 0% 2.56% 97.44% 0% 0% 0% 

ear-tuft intimidation display 0% 29.41% 0% 0% 0% 70.59% 

knocking 100% 0% 0% 0% 0% 0% 

noncontact threat display 0% 96.77% 3.23% 0% 0% 0% 

Self-aggrandizing display 0% 100% 0% 0% 0% 0% 

thick Head posture              0% 0.87% 98.26% 0% 0% 0.87% 

Actions       

grab 1.72% 44.83% 1.72% 0% 51.72% 0% 

kick 3.42% 48.72% 10.26% 0% 37.61% 0% 

move beak 57.14% 0% 0% 35.71% 7.14% 0% 

peck 0% 100% 0% 0% 0% 0% 

pull 0% 100% 0% 0% 0% 0% 

stand on 0% 0% 0% 100% 0% 0% 

take object 0% 0% 0% 100% 0% 0% 
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waiting of the signallers; the ravens showed significantly higher frequencies of response 

waiting (χ2=0.703, SE=0.199, p< 0.001) after a gesture than after an action and higher 

frequencies of response waiting after a gesture than after a display (χ2=1.951, SE=0.524, p< 

0.001). The control predictor sex had an effect on birds showing more often response waiting 

after signalling when the recipient was a female than a male (χ2=0.315, SE=0.173, p= 0.069) 

whereas there was no effect of the sex of the signaller on response waiting (χ2=0.069, 

SE=0.188, p= 0.714).  

The test predictor signal category had a clear impact on the frequency of persistence 

of the signaller; the ravens were significantly more persistent when doing gestures than doing 

actions (χ2=0.92, SE=0.343, p= 0.007) whereas there was no difference between gestures and 

displays (χ2=0.138, SE=0.526, p= 0.793). The control predictor sex had no effect on the 

persistence (actor sex: χ2=0.42, SE=0.409, p= 0.304; recipient sex: (χ2=0.011, SE=0.432, p= 

0.979).  

 

Developmental trajectory of non-vocal and display signalling 

 

The assessment of individuals’ non-vocal and display repertoires showed that the 

cumulative number of signals increased with age (see Figure 1). At the age of 11 weeks, the 

birds produced on average five different gestures whereas with 57 weeks they used 12 

different gestures on average. The birds showed one display and one action with 11 weeks 

whereas they used six displays and actions with 57 weeks.  

The key test predictor age had no clear impact on the two response variables response 

waiting  (χ2=0.013, SE=0.087, p= 0.879) and goal persistence (χ2=0.13, SE=0.154, p= 0.4) of 

the models.  

 

Discussion 
 

Here, we carried out the first systematic and comprehensive investigation into ravens’ 

non-vocal and display repertoire by focusing particularly on signal production, flexibility, 

intentionality and development.  

Specifically, we tackled three questions: 1) Which non-vocal signals and displays 

characterise the communicative repertoire of ravens? 2) Are signals of ravens produced in a 

flexible and intentional way? 3) How do non-vocal signals develop across ontogeny?  



Chapter III – The ‘expressive’ repertoire of ravens (Corvus Corax): Cognitive complexity and development  
	

	 69	

Overall, we found that the sub-adult ravens of our study community used a total of 

seven actions, six displays and twelve different gesture types. All twelve gestures were used 

flexibly across different behavioural contexts and — in contrast to actions and displays —

were used intentionally. Concerning development, we found that signal usage did not change 

across ontogeny but the signal repertoire increased over time.  

Below, we will discuss these results for each research question in more detail. 

 

The expressive repertoire of ravens 

Our results showed that the study individuals performed a total of seven actions, six 

displays, eight visual, and four tactile gestures. To ensure that our assessment of individuals’ 

repertoires had indeed approached and/or reached asymptote, we plotted the cumulative 

repertoire of signals over time (Fröhlich et al. 2016b; Hobaiter & Byrne 2011a; Pika et al. 

2003). The results revealed that the cumulative repertoire of displays and gestures, but not 

actions, approached an asymptote between the ages of 45-55 weeks with six displays and 

twelve gestures respectively. The observed time and the final repertoire of displays and 

gestures of each individual did not correlate. Thus, we concluded to have observed the full 

display and gestural repertoires employed by our six individuals in the first year of their life 

compiled in our respective observation period.  

The eight observed visual gestures included beak snapping, grab intention, kick 

intention, object offer, peck intention, show object, stare down, and turn head whereas the 

four observed tactile gestures comprised holt onto, nibble, poke and step on. These results are 

in line with descriptions of Gwinner (1964) of the expressive behaviour of eighteen captive 

ravens, which produced beak snapping, stare down, and turn head. The gestures object offer 

and show object were described by Pika and Bugnyar (2011), studying the behaviour of 

ravens in their natural environment in the Northern Alpes, Austria. In addition, Gwinner 

(1964) reported the behaviours nibble and poke using the umbrella term “gesellige 

Gefiederpflege” (preening). Similarly, we observed the six displays duck, ear-tuft 

intimidation display, knocking, noncontact threat display, self-aggrandizing display, thick 

head posture described in previous studies (Gwinner 1964; Heinrich 1991, 1989; Heinrich & 

Marzluff 1991; Fraser & Bugnyar 2010b). The observed actions grab, kick, move beak, peck, 

pull, stand on, take object did not meet the gesture criteria and have not been described in 

previous studies on communicative signalling of ravens. In comparison, Gwinner (1964) 

distinguished 16 gestures/displays in his group of captive ravens. There are several 

explanations for differences in amount of signals between the studies. First, differences may 
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be due to different methodologies applied to describe behaviours. For instance, we applied 

the ‘‘verb first’’ principle (putting verbs in front of nouns or adjectives to describe 

behavioural patterns (Nishida et al. 1999; Pika et al. 2005b). In contrast, Gwinner (1964) had 

clustered signals in categories relating to their possible functions: pairing-, courtship-, 

agonistic- and non-reproductive displays. This difference in methodology also lead to 

differences in the level of ‘splitting’ and ‘lumping’ of communicative signals between the 

two studies. For example, Gwinner (1964) described two different ear-tuft intimidation 

displays (“Federohrenimponierung“ and „Federohr-Angriffshaltung“) with regards to two 

different functions: courtship and male-male competition. Since, the anatomical features of 

these two behaviours did not differ (consisting of fluffed feathers around the ears and the 

legs), we only reported it as a single display.  

Second, while Gwinner (1964) had investigated the communicative and social 

behaviour of adult individuals, our study focused on the behaviour and development of sub-

adult birds only. Hence, we did not observe signals and contexts only arising later in ravens’ 

life such as for instance the „weibliche Kopulationshaltung“ (female mating initiation) and 

signals used in the context of raising offspring. More importantly, Gwinner (1964) did not 

differentiate between the terms of display and gesture. In the English summary of his study, 

he called all observed signals ‚displays’ whereas in the German text he denoted them as 

”Ausdrucksbewegungen”. This German word emphasises particularly the use of behaviour to 

denote an expression or articulation.  

Until recently, the majority of studies on visual/bimodal signalling in birds centred on 

displays (Huxley 1914; Heinroth & Heinroth 1928; Lorenz 1941, 1951; Lorenz 1966b, a; 

Tinbergen 1951, 1959; Wickler 1966; but see Pika & Bugnyar 2011) and their adaptive 

function in terms of information transfer (Smith 1977). However, the two last decades have 

seen a considerable increase of research attention focusing on the cognitive complexity, 

underlying non-vocal signalling with a research bias on primates (Call & Tomasello 2007; 

Fröhlich et al. 2016a; Hobaiter & Byrne 2011a; Leavens & Hopkins 1998; Leavens et al. 

2005; Pika & Liebal 2012; Roberts et al. 2014). Recently, the first studies emerged 

investigating gestural signalling in birds (e.g. Australian magpies: Kaplan 2011) and applying 

methodology developed in primate gesture research (ravens: Pika and Bugnyar, 2011). These 

studies emphasised that complex social systems relying on strong alliance and bonding 

partners may have selected for sophisticated communication systems characterised by 

flexible and intentional signalling (see also Humphrey 1976; Seyfarth & Cheney 2014; 

Taborsky & Oliveira 2012). Future studies should test this hypothesis in more detail through 
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systematic investigations of carefully chosen representatives of the more than 160 bird 

families. In addition, it will also be important to verify whether traditional definitions of 

displays still hold or whether behaviours assumed to qualify as displays may not be as ‘fixed’ 

and stereotyped as commonly assumed (see also Schleidt 1974).  

 

Cognitive complexity 

The results showed that our study individuals used nine out of twelve gestures in at 

least two or more contexts and performed several gesture within the same context (e.g. eight 

different gestures in the play context). These findings provide evidence for means-end 

dissociation (Bates 1979; Bruner 1981; Pika et al. 2003; Plooij 1978) and imply that ravens’ 

signal usage is characterised by flexible connections between signals and goals. In addition, 

they corroborate the results of Pika and Bugnyar (2011), who showed that ravens adjust 

gestures flexibly to social circumstances. The present study thus provides additional insight 

into the question as to whether signallers and recipients understand the way signals function 

(Pika et al. 2005a). The ravens of our study community also used distinct displays in different 

contexts supporting the explanation that throughout ontogeny signal usage may be more 

flexible and plastic and undergoes a process of fine-tuning during ontogeny (Hobaiter & 

Byrne 2011b; Pika et al. 2003; Tomasello et al. 1985). In a similar vein, studies on song 

development revealed that some bird species (e.g. swamp sparrow, Melospiza georgiana) 

sing more songs as juveniles than are ultimately preserved in their adult song (Brainard & 

Doupe 2002; Nelson & Marler 1994). The flexible usage of gestures across contexts of our 

study individuals is in line with findings of the flexible connections between signal and 

function in vocalisations of birds. For instance, pinyon jays (Gymnorhinus cyanocephalus) 

flexibly vocalize depending on factors such as the presence or absence of an audience, 

presence or absence of food and the sex of a bird (Dahlin et al. 2005). Furthermore, Heinrich 

(1988) observed that ravens (Franklin County in western Maine, US) vocalise flexibly 

depending on the feeding situation. They actively recruit conspecifics when food resources 

consisted of relatively huge amounts of fresh meat, while remaining almost silent if the 

resources were less accessible and small (Heinrich 1988).  

In the current study, ravens gestured most frequently in a specific context, the play 

context. Although the majority of play studies have been focusing on mammal rather than 

bird species (for an overview see Graham & Burghardt 2010), two bird families stand out 

with regards to playfulness: corvids and parrots (e.g. Ficken 1977). These families are also 

renowned for their sophisticated cognitive skills that are in many aspects on par with those of 
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great apes (e.g. Kabadayi & Osvath 2017; Pepperberg & Pepperberg 2009). While corvids 

engage frequently in social object play, parrots are known to show complex object 

combinations (Auersperg et al. 2014) during play.  

Concerning ravens, play seems to fulfil a crucial role (Heinrich & Smolker 1998), 

which has been clustered in three different categories: locomotor, social, and object play 

(Osvath et al. 2014b). Ravens invent novel object combinations and are able to synchronise 

their play behaviour (Osvath & Sima 2014). However, the use of signals to initiate and 

negotiate play bouts is a neglected domain in studies of bird behaviour. But similar results 

have been found in studies on great apes (Fröhlich et al. 2017; Pika et al. 2003). For instance, 

various studies revealed that social play comprises the context within gestures are most likely 

to be produced in great apes (Fröhlich et al. 2017; Liebal et al. 2006; Pika et al. 2003; 

Tomasello et al. 1997). Our findings thus strengthen the hypothesis that the play context 

serves as a crucial platform for experimentation, allowing individuals to test, shape and train 

their gestural usage (Fröhlich et al. 2017; Pika et al. 2003). They gain vital experience that 

will be crucial to survive in the non-breeder aggregations and increase reproductive success 

in adulthood. 

In addition, we found relatively high frequencies and variety of gestural signalling in 

the affiliative context. Individuals might have invested in forming coalitions and/or to 

strengthen social alliances via socio-positive behaviours (Loretto et al. 2012; Sima et al. 

2016), as it is common in several primate species (Kummer 1978; Noë et al. 1991; Watts 

2002) and dolphins (Connor 2007). Affiliation between ravens even enhances social learning 

(Schwab et al. 2008). The motives to form and maintain affiliate relationships may, thus, 

have been crucial in boosting not only their cognitive but also, especially, their vocal and 

nonvocal communicative abilities (Pika & Bugnyar 2011). These results are in contrast to 

findings of great apes where the affiliative context plays only a minor role in gestural 

production (Liebal et al. 2006; Pika et al. 2003, 2005b). 

Concerning intentionality, we found a clear difference concerning the different signal 

types: The study ravens showed more response waiting after producing gestures than after 

actions and displays. They were also more persistent after having produced gestures than 

actions. These results corroborate previous findings by Pika and Bugnyar (2011), who had 

tested whether two distinct gestures — showing and offering — were accompanied by two 

key features of intentionality, sensitivity to the attentional state of the recipient and response 

waiting. Ravens’ ability to act intentionally has also been shown in food caching experiments 

testing tactical deception (Bugnyar & Heinrich 2006). 
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Overall, our results provide evidence that ravens — similar to other cognitive 

domains — are also in the communicative domain on par with great apes: They use gestures 

in flexible and intentional ways to achieve certain goals and manipulate the behaviour of 

conspecifics (Pika et al. 2005b). Furthermore, the reported difference between displays and 

gestures with regards to key hallmarks of intentionality supports former studies showing that 

displays represent stereotyped motor patterns (Schleidt 1974), which are often hormonally 

regulated (Fusani 2008).  

In primate communication research the parameter ‘sensitivity to recipients’ attentional 

states’ has also been frequently investigated (Call & Tomasello 2007; Fröhlich et al. 2016a; 

Hobaiter & Byrne 2011a; Leavens & Hopkins 1998; Leavens et al. 2005; Pika & Liebal 

2012; Roberts et al. 2014). However, in the present study we refrained from testing this 

parameter since in birds with laterally placed eyes (like ravens), that use different fixation 

strategies (Dawkins 2002; Maldonado et al. 1988;), it is difficult to disentangle if they are 

attentive or not. Since we could not be certain if the signaller is attentive when only one eye 

was visible (watching from the side), we excluded the ‘sensitivity to recipients’ attentional 

states’ as criteria for intentionality.  

 

Ontogeny of signal production 

 

The results of the present study showed that the expressive repertoire of the study 

individuals increased across their first year of life. At the age of eleven weeks, all ravens used 

a single display while using a total of five displays at the age of 45 weeks. Gesture 

performance increased from five types at the age of eleven weeks to a total of twelve types at 

the age of 53 weeks. It might be that the ravens undergo a sensitive period of gestures as 

compared to the sensitive period of the bird song where the young birds first memorise the 

structure of adults and then match these memorised models by comparing them to their own 

developmental vocal output (Podos et al. 2009). During sensorimotor learning, birds are thus 

not only learning how to produce previously memorised sounds, but are also selecting which 

of these acquired vocalisations will ultimately be used (Brainard & Doupe 2002). Ravens are 

open-ended learners, which refers to the ability to be able to add songs to their song 

repertoires after the first year of life (Beecher 2010). A network of interconnected brain 

nuclei, known as the 'song system', is involved in the perception, learning and production of 

song (Bolhuis & Gahr 2006). It might be possible that gesture and vocalisations are produced 

in the same brain area suggesting that the skill to learn also in adulthood may also apply to 



Chapter III – The ‘expressive’ repertoire of ravens (Corvus Corax): Cognitive complexity and development  
	

	 74	

gestural production. Therefore, it may be possible that also their gestural repertoire continues 

to increase after the first year. Although imitation is the hallmark of bird song learning 

(typically it is the criterion by which song learning is assessed), birds do not always copy 

tutor songs precisely (Beecher & Brenowitz 2005). Some song learners appear to vary along 

a continuum, ranging from imitation (faithful copying of tutor song; e.g. zebra finches, 

Taeniopygia guttata), to improvisation (variations on the tutor material; e.g. sedge wrens, 

Cistothorus platensis) to invention (develops species-typical songs that bear no obvious 

relation to the tutor material, and which might or might not even require song tutoring; e.g. 

nightingales, Luscinia megarhynchos B.) (Beecher & Brenowitz 2005). Consequently, in 

some bird species, vocal learning is not restricted to one mechanism but can include different 

strategies (e.g. some songs are learned by imitation whereas some include improvisation 

elements). However, relatively little is known concerning the learning mechanisms 

underlying the development of displays and gestures in bird species (Groothuis 1992). Since 

vocal learning strategies vary in birds, future research on gestures in non-primate species 

should tackle bird species with different learning mechanism (e.g strict imitators versus 

inventors) to unravel possible similarities in the learning processes of gestures and 

vocalisations. Furthermore studies on the acquisition of gestures comprising other vocal 

learners (bats, elephants, pinnipeds and cetaceans) could help to disentangle possible linkages 

between gestures and vocalisations and their learning mechanisms accordingly.  

Studying different groups of same-aged ravens and compare the concordance of the 

gestures would help to answer the question if gestures in ravens are learned or if the gestural 

production is innate as done in wild chimpanzees by Fröhlich and colleagues (2017; 2016b; 

Pika & Fröhlich 2018). A cross-side comparison could enable further examination into the 

learning mechanism of gestures and displays. As in the study by Gwinner (1964), the birds in 

the current study were hand raised. This could affect the display and gestural repertoire since 

the birds lack an adult tutor during a possible sensitive period. Comparing hand-raised birds 

with parent-raised bird would shed light into the question whether parents play a role as 

possible tutors. Furthermore Fröhlich and colleagues (2017; 2016b; Pika & Fröhlich 2018) 

revealed that in chimpanzees gestural acquisition is based on social negotiation, which could 

also be a potential mechanism in a highly social and cooperative species like ravens. 

We could not assign a developmental shift from non-intentional to intentional usage 

(persistence, response waiting) during our respective study period due to a possible rapid 

development within the first months. Although, no data exists from other bird species 

enabling comparison, studies on human children and great apes suggest a developmental shift 
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from non-intentional to intentional acts (Tomasello 2008) during the first year of life. In 

human children, Tomaesello and colleagues (2005a) revealed that the basic skills and 

motivations for shared intentionality typically emerge at around the first birthday. 

Furthermore, Plooij (1978; 1979) found that chimpanzee infants at Gombe, Tanzania between 

the age of 9 to 12½ months start to initiate interactions with their mothers by intentionally 

directing signals to her, e.g., by using gestures. However, studies on ravens’ cognitive skills 

revealed that they master stage 6 of Piaget’s stages of object permanence (search for invisibly 

displaced objects and search for successive invisibly displaced objects) already at the age of 

three months (Bugnyar et al. 2007). In comparison, children master the ‘invisible 

displacement’ problems only with the age of 18 month (Piaget 1937), whereas chimpanzees 

and bonobos develop this skill not until 3-4 years of age (Wobber et al. 2014). Furthermore, 

Schloegl and colleagues (2007) showed that ravens developed gaze following skills with 

approximately 15 weeks of age. Children only start to follow other human gazes with six 

month whereas chimpanzees even need until 2-4 years to follow the gaze of humans (Wobber 

et al. 2014; Tomasello et al. 2001). Supporting this, we found in a recent study (Sima et al. in 

prep.) that the performance of the ravens did not increase in the majority of physical and 

social cognitive tasks in an extensive cognitive battery throughout their first year of life, 

whereas in chimpanzees and bonobos performance increased only after 3-4 years in several 

tasks (Wobber et al. 2014). Thus, it seems that developmental of distinct cognitive and 

possibly also communicative skills is much faster in ravens than in humans and other 

primates (Antinucci 1990; Parker et al. 1999; Pika 2008a). 

There are several explanations for a relatively quick development in cognitive skills 

despite the long live history of ravens: (1) relatively short maturation and developmental 

phase, (2) short phase with parents, and therefore they have to be mentally fit and strong 

when leaving their parents to survive in the non-breeder aggregations. The ravens leave their 

parents around the age of six month and aggregate in non-breeder aggregations characterised 

by high fission-fusion dynamics (Heinrich 1988; Marzluff & Angell 2005). To master and 

engage with this socially complex environment it thus may be adaptive to develop advanced 

cognitive and communicative skills already at a relatively young age. Furthermore a rapid 

development of gestures might increase the reproductive fitness of the birds by enhancing 

cooperation between alliance partners, during e.g. search for food. Further research into the 

gestural communication of adult ravens is needed to confirm that gestural communication is 

already fully developed at this sub-adult stage.  
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Conclusion  

Up until now studies on gestural signal in ravens were rather descriptive lacking clear 

definitions (Gwinner 1964) thus disabling a direct comparison to gestural signalling in great 

apes and humans (but see Pika and Bugnyar 2011). This is the first study that investigated the 

expressive repertoire and the development of gestures in a bird species by using a 

comparative approach to primate gestural research. Living in a multifaceted social society 

like ravens, involves complex interactions and communication with conspecifics and 

knowledge about third-party relationships. These interactions require their own suites of 

signals and may be based on a bigger cognitive and communicative toolkit enabling the 

attribution of new meaning to signals and dissociation from behavioural domains, ends and 

contexts (Pika 2016).  

In general gestures enable a platform for negotiation and communication and also 

seem to be essential in birds living in a complex social environment that are highly 

cooperative. Cooperation appears to be a driving force for complex communication. Studying 

gestural signalling in a highly cooperative bird species may shed further light on the selective 

factors triggering the evolution of sophisticated communication systems and the impact of 

sociality and social matrices. Human language represents a social construct whose rules are 

deeply grounded in the behaviour of the people using it, and investigations as to its origins 

should focus on social pressures that caused the emergence of language (Luef & Pika 2018). 

Therefore to fully understand the evolution of the complex communication system of 

humans, it is important to study the impact of cooperation on the development of 

sophisticated cognitive and communicative skills also in distantly related species. This means 

to move away from an anthropocentric to a more biocentric view on communicative 

complexity. 
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Abstract 

 
Why humans think the way they do still remains one of Sciences’ greatest mysteries.  
The past few years have seen comprehensive and detailed comparisons among humans and 

our closest phylogenetic living relatives — the great apes — suggesting that humans’ social 

cognitive skills are more sophisticated. Although members of a distinct songbird family — 

corvids — rival or even outcompete great apes in many cognitive tasks, comprehensive 

assessments of their physical and social cognitive skills and their cognitive development are, 

until now, non-existent. Here, we fine-tuned one of the most comprehensive experimental test 

batteries, the Primate Cognition Test Battery (Herrmann et al. 2007), to corvid features and 

tested eight ravens (Corvus corax) in nine physical and six social cognitive tasks at four 

distinct time points. Results showed that ravens physical abilities are on par with the social 

abilities and show a relatively short development. Furthermore ravens performed similar to 

great apes in the social domain but not in the physical domain. These unprecedented findings 

put speculations of corvids’ ape-like social cognitive skills on a solid footing, and suggest 

that the social and ecological challenges of species may facilitate evolution of general 

intelligence.  
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Introduction 
 

The evolution of intelligence still remains one of Science’s greatest mysteries. 

However, the past few years have seen detailed investigations into cognitive abilities of 

humans and other non-human animals (Shettleworth 2009), especially our closest 

phylogenetic living relatives — the great apes (Tomasello & Call 1997). The by far most 

comprehensive study has been carried out by Herrmann and colleagues (2007), who 

compared the physical and social cognitive skills of human children to chimpanzees (Pan 

troglodytes), and orangutans (Pongo pygmaeus). Two and a half year old children and 

chimpanzees showed very similar cognitive skills for dealing with the physical world, 

suggesting that human physical cognitive skills are still equivalent to that of the common 

ancestor of humans and chimpanzees some 6 million years ago (Herrmann et al. 2007). In 

stark contrast, the children outperformed both great ape species in tasks dealing with the 

social world. The authors argued that children’s social cognitive skills are already well down 

the species-specific path of human cognition encompassing unique skills such as language, 

symbolic mathematics and scientific reasoning (Herrmann et al. 2007). Crucial developments 

in skills of social-cultural cognition thus may have occurred only post-erectus, possibly 

growing out of earlier evolved primate skills of social cognition and learning in general 

(Tomasello 2008). Theorists proposed that the distinctive aspects of primate cognition 

evolved mainly in response to the challenging demands of the ecological environment (the 

Ecological Intelligence hypothesis, Milton 1988), or the social life of constant competition 

and cooperation with individuals of the social group (the Social Intelligence hypothesis; 

Byrne & Whiten 1989; Humphrey 1976; Jolly 1966). Especially the later hypothesis inspired 

a tremendous research interest (Dunbar 1998; Reader & Laland 2002), with recent studies 

showing that measures of social complexity and/or competence indeed correlate with 

neocortex size (Dunbar 1992; Kudo & Dunbar 2001). In addition, the nature of social 

relationships seems to highly impact upon brain size, irrespectively of group stability and 

social dynamics. Species forming long-term relationships and/or partnerships tend to have 

bigger brains than species engaging in short-term or seasonal relationships only (Dunbar & 

Shultz 2007; Emery et al. 2007). Hence, interacting with particular individuals over time — 

rather than interacting with many individuals and/or over limited periods only — seems to be 

a highly cognitively challenging enterprise (Emery et al. 2007). Although originally been 

applied to non-human primates only ( Byrne & Whiten 1989; Dunbar 1998; Jolly 1966; 

Reader & Laland 2002), the Social Intelligence hypothesis recently inspired a lot of research 
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attention in other taxa and species showing sophisticated social relationships and/or long-

term bonds (Dunbar & Shultz 2007; Shultz & Dunbar 2007). Due to their unique combination 

of fission-fusion dynamics and strong long-term relationships (Emery 2006), members of a 

distinct songbird family — corvids — have been of special interest to researchers to unravel 

the puzzle of the evolution of intelligence. Corvids have larger brains than would be 

predicted for their body size (Jerison 2012) and seem to rival non-human primates in many 

cognitive abilities (Clayton & Dickinson 1998; Kabadayi & Osvath 2017; Marzluff et al. 

2010; Van Horik et al. 2012). For instance, these non-primate, non-mammalian animals are 

capable of feats thought to be uniquely human, such as recalling specific past events 

(episodic-like memory), planning for the future, taking the visual perspective of conspecifics, 

as well as cooperative problem-solving and tactical deception (Bugnyar 2013; Clayton & 

Dickinson 1998; Emery & Clayton 2004; Kabadayi & Osvath 2017; Seed et al. 2008). 

Common ravens (Corvus corax), the most widely distributed member of the corvid family, 

are particularly renowned for their sophisticated social cognitive skills (Bugnyar 2013) such 

as taking into account the visual access of others (Bugnyar et al. 2016) and directing 

conspecifics’ attention to external referents (Pika & Bugnyar 2011). Massen and colleagues 

(2014) thus speculated that ravens’ cognitive skills are primarily expressed in the social 

domain. But, recent studies also showed their ability to master distinct physical cognitive 

tasks involving inference by exclusion (Schloegl et al. 2009), observational spatial memory 

(Scheid & Bugnyar 2008), object permanence and caching behaviour (Bugnyar et al. 2007).  

However, an in-depth understanding of ravens’ (and other corvids’) cognitive abilities 

has been severely hampered by a strong research bias into social cognitive abilities, and the 

use of single cognitive paradigms only (for an overview see Bugnyar 2013). In addition, a 

systematic, quantitative comparison of ravens’ and non-human primates’ cognitive skills is 

non-existent and the impact of development on cognitive abilities has been widely neglected 

(but see Bugnyar et al. 2007; Loretto et al. 2012; Schloegl et al. 2007). This is surprising, 

since comparative researchers have always paid special attention to the influence of 

development on cognitive performance of human ( Hamann et al. 2011; Warneken & 

Tomasello 2006) and non-human primates (Goodall et al. 2010; Tomasello et al. 2005b; 

Tomasello 2009; Whiten et al. 1999). For instance, Wobber and colleagues (2014) 

investigated the development of cognitive skills in human children, bonobos (Pan paniscus) 

and chimpanzees by adapting the Primate Cognition Test battery (PCTB) of Herrmann and 

colleagues (2007). The researchers found significant differences in the pattern and pace of 

cognitive development between the human and the two great ape model groups, with an 
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accelerated ontogeny in children compared to the great ape species. In addition, divergent 

patterns of cognitive development were particularly apparent in the social domain (e.g. 

understanding of goals), while similarities were mainly found in distinct physical tasks 

(object permanence and transposition task). 

Hence, in the current study, we sought to quantitatively assess ravens physical and 

social cognitive skills to (1) investigate the effect of development on their cognitive 

performance, and (2) revisit the claim that corvids rival non-human primates in their 

cognitive abilities (Bugnyar 2013; Emery 2006; Van Horik et al. 2012). 

We did this by fine-tuning the PCTB (Herrmann et al. 2007) to corvid features and 

propensities, thereby enabling the first systematic, quantitative large-scale comparison of 

cognitive skills between corvids and great apes.  

The so-called Corvid Cognition Test Battery (CCTB) was administered to seven 

hand-raised birds in nine physical and six social cognitive tasks. The physical tasks 

comprised of spatial memory, object permanence, rotation, transposition, relative numbers, 

addition numbers, noise, shape and tool properties. The social tasks involved social learning, 

comprehension, pointing cups, attentional state, gaze following, and intentions. All tasks 

were carried out at four distinct equally distributed time points after hatching of the birds: 

Four months of age, eight months of age, twelve months of age, and sixteen months of age.  

 

Three questions were addressed:  

(1) Do ravens perform differently in the domains of social and physical cognition?  

To investigate this question, we compared the performance of the ravens in physical 

cognitive tasks to their performance in social cognitive tasks. Since ravens live in a complex 

social system demanding sophisticated socio-cognitive skills (Bugnyar 2013), we predicted to 

find higher scores in the social than in the physical cognitive domain. 

(2) How does cognitive performance develop in ravens? 

To address this question, we compared the performance of the ravens across the four 

different time points (four, eight, twelve, and sixteen months). We predicted that the 

performance of the ravens would increase over time across their first year of development 

since studies showed a change of behaviour throughout the first year of ravens’ life (caching 

behind visual barriers (Bugnyar et al. 2007) formation of coalitions (Loretto et al. 2012) gaze 

following and following gaze of humans geometrically behind obstacles (Schloegl et al. 

2007). 
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(3) Do ravens rival great apes in their cognitive abilities?  

To investigate this question, we carried out the first systematic, direct and quantitative 

cross-taxa comparison of cognitive skills. We compared the cognitive performance of the 

ravens in the CCTB to the cognitive performance of chimpanzees and orangutans in the 

PCTB (Herrmann et al. 2007). Since ravens are known to exhibit a variety of socio-cognitive 

traits necessary to manoeuver successfully through a complex social world (Emery & 

Clayton 2004) but do not use tools (Marzluff & Angell 2005), we predicted that they would 

perform similar in the social cognitive tasks, with the apes outrivaling them in the physical 

cognitive domain. 
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Material and Methods 
 

Subjects and study site 

 

The subjects lived in a single group with another individual of the same age (see 

Table 1 for detailed information about the birds). All birds had been taken from their captive 

parents at the age of three weeks, and had been hand-raised in the corvid aviaries of the Max-

Planck Institute for Ornithology in Seewiesen. The first weeks, the ravens were hand-reared 

in artificial nests (chicks originating from the same parents were kept in the same carton box 

with wooden sticks and leaves). This took place in a smaller room to mimic “natural” 

conditions as good as possible. Only after fledging (~45 days) the birds moved to the outdoor 

aviary. The colony of ravens consisted of four sibling pairs, which we marked with coloured 

rings on the legs to identify them. Immediately after fledging, the subjects were trained using 

positive reinforcement techniques (rewarding the animal when it performs the target 

behaviour) to be able to be individually separated within the test compartments. The test 

participation was always voluntarily. If a bird did not engage during testing (e.g. did not 

make a choice), it was released to the group, and tested on the subsequent day. Since one bird 

stopped participating voluntarily in the second round, we did not continue testing this 

individual for the rest of the experiment. Testing took place from Monday to Friday 

(sometimes Saturday) between 8-12 am and between 2-4 o’clock pm. 
 
Table 1 Information about the subjects. Names of individuals, sex and sibling group named after their origin 

Individual Sex Sibling Group (Origin) 

Arthus Male Zoo Altenfelden 

Aramis Female Zoo Altenfelden 

Maxi Female Wild Park Bayrischer Wald 

Moritz Male Wild Park Bayrischer Wald 

Rhea Female Vogelpark Walsrode 

Munin Female Vogelpark Walsrode 

Bonny Female Zoo Wels 

Clyde Male (did not participate) Zoo Wels 
 

 

The raven aviary (see Figure 1) was composed of a big section (12x4.3x5.3m) and 

three small sections (one section: 3.8x2.9x2.9m and two sections: 2.14x2.9x2.9m), all 
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containing of natural vegetation (e.g. perches) and diverse ground cover including soil and 

gravel. The ravens were fed twice a day with various types of meat, dairy products, 

mealworms and fruits, between 7-8 am and between 4-5 pm. Water was freely available 

throughout the day. In the first round when birds were still not flying/moving around much 

we videotaped all experiments with one video camera (Canon Legria HF S10), whereas in the 

other three rounds we used two cameras (Canon Legria HF S10 and Canon HF M41). We 

placed the cameras two meters away from the testing compartment to avoid disturbing the 

birds; one of the camera was placed in Experimental Compartment A behind the 

experimenter, and the second camera was placed in the Feeding Kitchen and was filming 

through the window. 

 

 
Figure 1 Sketch of the raven aviary. Thick lines represent opaque fences.  
 

 

Testing Apparatus and General Procedure 

 

The testing apparatus was located in the same compartment as the experimenter and 

the bird had to point/touch the cup through the wire mesh. To keep birds motivated, we used 

highly favoured food rewards, which were not available outside the experimental context: 

(pieces of peanuts, pieces of dog treats “Frolic”, skin of a pork “Grammeln”). The testing was 

done by two experimenters (MJS and CB), representing the main handraisers and thus were 
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most familiar with the birds. To control for an effect of the experimenter on the performance, 

MJS was the main experimenter during the first two rounds whereas CB was the main 

experimenter during the second two rounds of testing (see Table 2 for a detailed description 

of the amounts of trials and tasks).  

During the experiments, the birds were separated (physically and visually) from their 

group members (see Figure 1; the tested bird was located in Experimental Compartment B, 

the rest of the group in the Compartment Handraised Ravens). The human experimenter sat in 

a second compartment (see Figure 1; Experimental Compartment A; again physically and 

visually isolated from the rest of the group) and interacted with the bird through the wire 

mesh that separated the two testing compartments. The testing apparatus used during the 

majority of the experiments (exception Social Learning, Gaze following and Pointing Cups) 

consisted of a grey polyvinylchloride board located on two stone blocks and a transparent 

sliding board also made of polyvinylchloride. The sliding board was lying on top of the grey 

board. Three cups were used to cover/present the food reward. These were placed on the 

sliding table. 

We used the exact same procedure with small adaptions like size of material from 

Schmitt and colleagues (2012). The following detailed description of the tasks has been 

adapted from the papers of Schmitt and colleagues (2012) and Herrmann and colleagues 

(2007).  
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Table 2 All tasks tested in the CCTB.  
On the left side is the physical domain on the right side the social domain. Bold letters in italics represent the 
scale. Bold letters represent the tasks. Bold numbers represent the sum of trials per task. The different items per 
task are listed below the task names.   

Physical 

Scale 
Physical Tasks Trials Social Scale Social Tasks Trials 

Space 

Spatial memory 6 

Social Learning 

Social learning 
Apparatus 1 
Apparatus 2 
Apparatus 3 

3 
1 
1 
1 

Object Permanence 
Single displacement 

Double adjacent 
displacement 

Double non-adjacent 

displacement 

18 
 

6 
6 
 

6 

Communication 

Comprehension 
Look 
Point 

Marker 

18 
6 
6 
6 

Rotation 
180° middle 

360° 
180° side 

18 
6 
6 
6 

Pointing Cups 8 

Transposition 
Single transposition 

Double unbaited 
transposition 

Double baited 

transposition 

18 
6 
6 
 

6 

Attentional State 
Away 

Towards 
Away Body-facing 

 

Towards Body-

away 

4 
1 
1 
1 
1 

Quantity 

Relative Numbers 13 

Theory of Mind 
(ToM) 

Gaze following 
Head & Eyes 

Back 
Eyes 

9 
3 
3 
3 

Addition Numbers 7 Intentions 
Trying 

Reaching 

12 
6 
6 

Causality 

Noise 
Noise full 

Noise empty 

12 
6 
6 

Shape 
Board 
Cloth 

12 
6 
6 

Tool properties 
String 
Bridge 
Ripped 

Broken wool 
 

24 
6 
6 
6 
6 
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Physical Domain  
 

Scale: Space 

 

a. Spatial Memory  

Three cups were placed in a row on the platform in front of the experimental compartment. 

The experimenter showed the bird two rewards and placed them under two adjacent cups of 

the three cups in full view of the subject. Then the platform was pushed towards the subject 

and it was allowed to make two choices in succession by pecking against the cups. If, 

however, the subject chose the empty cup first, it was not allowed to make further choices. 

The response was counted as correct when the bird had chosen both baited cups in 

succession.  

b. Object Permanence  

Three cups were placed in a row in front of the experimental compartment. An additional 

small opaque cup was used. The experimenter baited this small cup while the bird was 

watching. The small cup was then moved towards one of the larger cups, which was slightly 

lifted by raising the side not facing the subject. The experimenter then made a swapping 

movement with the small cup as if swapping the reward under the larger cup. The 

experimenter also touched the other cups to avoid local enhancement. After moving the small 

opaque cup under the specific larger cups the experimenter lifted the small cup to show the 

bird that the small cup was now empty. The platform was pushed forward to allow the subject 

to choose. A correct response was counted when the bird had chosen the baited cup. There 

were three possible displacements performed:  

Single displacement: The experimenter moved the small cup hiding the reward under one of 

the three cups as described above, swapped the reward under it. 

Double adjacent displacement: The experimenter moved the small cup hiding the reward 

under two adjacent cups in succession as described above, left the reward under one of these 

cups. 

Double non-adjacent displacement: The experimenter moved the small cup hiding the reward 

under the left and right cup in succession as described above and left the reward under one of 

them.  

 



Chapter IV – Cognitive skills and cognitive development in ravens (Corvus Corax) 

	 89	

c. Rotation  

Three cups were placed in a row on a cardboard, which was then placed on the platform in 

front of the experimental compartment. The experimenter showed a reward to the bird and 

placed it under one of the three cups while the subject was watching. Then the tray was 

rotated in three possible ways:  

180° middle: The reward was placed under the middle cup, and the tray was rotated 180° in 

clockwise or counter clockwise direction (counterbalanced). After the rotation, the reward 

was located at the same position as it was initially placed.  

360°: The reward was placed under either the left or right cup, and the tray was rotated 360° 

in clockwise or counter clockwise direction (counterbalanced). After the rotation, the reward 

was located at the same position as it was initially placed.  

180° side: The reward was placed under either the left or right cup (counterbalanced), and the 

tray was rotated 180° in clockwise or counter clockwise direction (counterbalanced). After 

the rotation, the reward was located on the opposite side of where it was initially placed.  

After the completed rotation the bird was allowed to choose one cup. A correct response was 

scored when the subject chose the baited cup first.  

d. Transposition  

Three cups were placed in a row on the platform in front of the experimental compartment. 

The experimenter showed a reward to the bird and afterwards placed the reward under one of 

the three cups while the subject was watching. Then one of three possible manipulations was 

performed:  

Single transposition: The experimenter switched the position of the baited cup with one of 

the empty cups. The third cup was not touched.  

Double unbaited transposition: The experimenter switched the position of the baited cup with 

one of the empty cups. Then the positions of the two empty cups were switched.  

Double baited transposition: The experimenter switched the position of the baited cup with 

one of the empty cups. Then the position of the baited cup was switched again with one of the 

empty cups.  

After the transpositions were completed the subject was allowed to choose one cup. A correct 

response was scored if the bird chose the baited cup first.  
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Scale: Quantities 

 

a. Relative Numbers  

The experimenter placed two small rectangular cardboard pieces (10 x10cm) on the platform 

in front of the experimental compartment and lifted an occluder to prevent the bird from 

watching the baiting procedure. Then the experimenter baited the cardboard pieces with 

different amounts of equal sized food pieces (1/8 of a Frolic piece). The experimenter then 

placed the cardboard pieces in the middle on the platform and removed the occluder so that 

the bird could see the amounts lying on each board. After ~5 seconds had passed and the 

subject paid attention, the experimenter moved the plates simultaneously to the sides of the 

platform, one to the right and one to the left. The sliding table was pushed to the front and the 

subject was allowed to choose and received all food pieces lying on the respective plate. Each 

subject received one trial for each of the following pairs of numbers (the order was 

randomized but constant among subjects):  

1:0, 1:2, 1:3, 1:4, 1:5, 2:3, 2:4, 2:5, 2:6, 3:4, 3:5, 3:6, 3:7, 4:6, 4:7, 4:8 (the side was 

counterbalanced) 

A correct response was scored if the subject chose the larger quantity first.  

b. Addition Numbers  

The experimenter placed two small rectangular cardboard pieces on the platform in front of 

the experimental compartment and lifted an occluder to prevent the bird from watching the 

baiting procedure. Then the experimenter baited the two cardboard boards with different 

amounts of reward (same as in Relative Numbers) but also baited a third cardboard piece, 

which was placed in the middle. Then the three boards were covered with cups, and placed in 

the middle of the platform. After the occluder was removed, the experimenter lifted the cups 

of the two outer cardboards simultaneously. After ~5 seconds had passed, the experimenter 

covered the two outer plates again and uncovered the cardboard in the middle. The bird was 

able to view the amount lying on the middle cardboard for ~5 seconds. Then the 

experimenter transferred the rewards from the middle plate to one of the side cardboards. 

During the transfer the subject could not see the content of the side cardboard boards because 

they were still covered with the cups. Then the experimenter removed the empty cardboard in 

the middle and the subject was allowed to choose between the two covered cardboards on the 

outer sides (the order was randomized but constant among subject):  

1:0 + 3:0 = 4:0; 6:1 + 0:2 = 6:3, 2:1 + 2:0 = 4:1, 4:3 + 2:0 = 6:3, 4:0 + 0:1 = 4:1, 2:1 + 0:2 = 

2:3, 4:3 + 0:2 = 4:5 (the side was counterbalanced). 
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A correct response was scored if the subject chose the larger quantity first.  

 

Scale: Causality 

 

a. Noise  

The experimenter placed two cups on the platform in front of the experimental compartment 

and lifted an occluder to prevent the bird from observing the baiting. Then the experimenter 

put a reward (peanut) in one of the two cups and closed both cups with the small cardboard 

board already used in the Quantity task. After the occluder was removed one of two possible 

manipulations were performed:  

Noise full: The experimenter shook the baited cup three times so that the food rattled inside 

and only lifted the empty cup without shaking it. Starting with the baited or empty cup was 

randomized 

Noise empty: The experimenter shook the empty cup (which produced no sound) three times 

and then lifted the baited cup without shaking it. Starting with the baited or empty cup was 

randomized.  

After the manipulations the subject was allowed to choose one cup. A correct response was 

scored if the subject chose the baited cup first.  

b. Shape  

The experimenter placed an occluder and placed two identical items (which item see below) 

on the platform in front of the experimental compartment. The experimenter showed the bird 

the reward (1/8 of a Frolic) and placed then the reward underneath one of the two identical 

objects causing a visible inclination or bump. After this procedure, the occluder was 

removed, and the subject was allowed to make a choice.  

Board: The experimenter hid the reward underneath one of two cardboard boards (10 

x10cm). The reward caused a visually apparent inclination as it was placed on the food (the 

other board remained flat on the table).  

Cloth: The experimenter hid the reward underneath one of the two pieces of white cloth (4 x 

2 cm). The reward made a visible bump under this piece of cloth (the other cloth remained 

flat on the table).  

A correct response was scored if the subject chose the baited board or cloth first.  

 

c. Tool Properties  

The experimenter lifted an occluder and placed two different tools on the platform in front of 
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the experimental compartment. One tool was functional and could be used to retrieve a 

reward associated with it (e.g. lying on top of it), whereas the second tool was non-functional 

and could not be used to obtain the reward. Different manipulations were done: 

Side: The experimenter put two identical pieces of white cloth (4 x 2 cm) on the platform 

behind an occluder and placed a reward on top of one cloth piece, whereas the other reward 

was placed directly next to the other cloth piece (i.e. making the second tool ineffective for 

retrieving the food). After the occluder was removed, the subject could only retrieve the 

reward by pulling the piece of cloth with the reward on top of it.  

Bridge: The experimenter put two identical small Plexiglas bridges over each of the far ends 

of the two identical cloth pieces behind an occluder. One reward was then placed on top of 

the bridge (making the tool ineffective in retrieving the food), the other reward was placed on 

the cloth underneath the bridge. After removing the occluder, the subject could only obtain 

the reward by pulling the cloth with the reward placed directly on it.  

Ripped: The experimenter put up an occluder and placed a rectangular, intact cloth piece on 

one side of the table, and two smaller cloth pieces on the other side, arranging the small 

pieces of cloth in a way that there was a 1 cm gap between them. Then one reward was 

placed on top of the far end of the intact cloth, and the other reward was placed on the out of 

reach piece of the two disconnected pieces (making the tool ineffective to retrieve the 

reward). After removing the occluder, the subject could only acquire a reward by pulling the 

large, intact cloth piece.  

Broken wool: The experimenter put up an occluder and placed two strings of wool on the 

platform, from which one was cut into two pieces. Like in the Ripped cloth condition both 

strings were arranged in a way that the gap was visible, but that both resulted in an equal 

length. A peanut was tied to the far end of the wool strings out of the subject’s reach. After 

removing the occluder, the reward could only be retrieved by pulling the intact piece of wool.  

A correct response was scored if the subject first chose the functional tool by pulling it.  
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Social Domain 

 
Scale: Social Learning  

First the subject had two minutes to solve the apparatus without demonstration. If the birds 

did not succeed, the test condition started. Here the experimenter demonstrated the solution 

and handed the reward to the subject. Afterwards the subject had two minutes time to solve 

the problem. To count as a correct response the subject had not only to obtain the reward but 

do so by using a highly similar procedure as the one demonstrated by the experimenter. We 

used different apparatuses during the different rounds to rule out learning because of 

experience. 

 

The different apparatuses  

 

First round (4 months of age) 

Open Bottle. In the open bottle tasks food pieces (“Frolic”) were inserted in an open bottle 

without a lid and the bottle were laid down horizontally. The bird had to lift the bottle and tilt 

it with the beak to access the reward.  

String pulling. The reward was inserted in the right wooden box and the bird was able to 

retrieve the food by pulling the string. If the birds succeeded in the baseline without 

demonstration the reward was inserted in the second right box to raise the level of difficulty. 

 
Seesaw. The tube attached to the seesaw was closed on one side therefore tilting the seesaw 

in only one specific direction resulted in retrieving the reward. The reward was placed in the 

middle of the tube.   
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Second round  (8 months of age) 

 

Board game. The tube was attached to the board with cable ties in a loose manner. The 

reward was placed in the tube. The birds had to peck against the tube to detach it and retrieve 

the reward.    

 
Turntable. The top plate was rotatable. The experimenter placed the reward in the hole and 

rotated the top plate. In order to retrieve the reward the bird had to peck against the hole of 

the top plate.  
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Activity Board - Sliding. In the first task of the Activity Board the experimenter placed a 

reward in the box and closed the slider. To retrieve the reward the bird had to pull the slider. 

All other tasks were not baited and not touched by the experimenter. 

  
 

Third round (12 months of age) 

 

Activity Board – Bone lever. In this task of the Activity Board the experimenter placed the 

reward in the box and closed the lid. To retrieve the food, the bird had to peck/push the lever. 

  
Activity Board – Paw. In this task the experimenter placed the reward in the opening. The 

bird had to step/push the paw to lift and retrieve the food. 
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Activity Board – Folding door. In this task of the activity board the experimenter opened 

the lid to place the food on the yellow plate. To drop and retrieve the reward, the bird had to 

pull the plate out. 

 
 

 

Fourth round (16 months of age) 

Pull and find. The experimenter placed the reward in one of the two holes and placed the 

bung on the reward. To retrieve the reward the bird had to pull the string on the other side. 

 
Turn and find. The experimenter baited the hole and moved the red lid to the side. Then the 

experimenter placed the bung to fix the lid. To retrieve the reward the bird had to unplug the 

bung and turn the lid. 
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Open the lid. The experimenter baited the box (marked with x) and closed the lid. To 

retrieve the reward the bird had to lift the lid. 
 

 

 

 

 

 

 

 

 

 

 

Scale: Communication  

a. Comprehension  

The experimenter placed two cups on the testing platform behind an occluder, one on the left 

and the other on the right side. The experimenter showed the bird the reward, which then 

disappeared behind the occluder. Then the experimenter hid a reward under one of the cups. 

After removing the occluder she/he gave one of three social cues:  

Look: The experimenter sat behind the platform and alternated her/his gaze between the 

subject and the baited cup three times while calling the subject’s name. After these gaze 

alternations she/he continuously looked towards the cup until the subject chose.  

Point: The experimenter sat behind the platform and continuously pointed to the baited cup 

with the extended index finger of her/his cross-lateral hand. At the beginning of the point, the 

2	

x	
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experimenter alternated her/his gaze between the subject and the cup three times while 

calling the subject’s name and then only stared in the baited cup’s direction.  

Marker: The experimenter held an iconic photo marker, which depicted the reward, in her/his 

hand and alternated the gaze three times between the photo and the subject while calling the 

subject’s name. Then the experimenter placed the photo on top of the baited cup. On the 

other cup the experimenter placed an empty piece of paper, which had the same size. Both 

pictures were placed at the same time.  

After the cue the subject was allowed to choose one cup. A correct response was scored if the 

subject chose the baited cup first.  

b. Production: Pointing Cups  

In the following task two experimenters were needed (E1 & E2). Two cups served as hiding 

places for a food reward. These cups were placed in two-meter distance to each other close to 

the fence of the experimental compartment. The cups did not touch the fence so the bird was 

not able to touch the cups with its beak. The second experimenter (E2) entered the testing 

area, placed a reward under one of the two cups while the subject was watching, and then left 

the area. Then E1 entered the testing area and placed itself equidistant to the two cups and 

waited until the subject approached one cup and pointed towards it with its beak through the 

wire mesh. A correct response was scored if the subject chose the correct cup first within one 

minute.  

c. Production: Attentional State  

In the following task again two experimenters were needed (E1 & E2). The second 

experimenter (E2) entered the testing area and placed a reward out of reach but in front of the 

subjects’ experimental compartment on its right or left side. Then E2 left the area and E1 

entered, but stood on the end of the room opposite of the reward and thus did not notice the 

reward on the floor. E1 stood and looked in four different ways:  

Away: E1 turned around and looked away from the reward. When the bird approached E1 

from the front in order to see each other within 20 seconds (20s), E1 turned around and 

waited for the subject to direct the attention to the reward. If the subject went back to the 

reward’s location and indicated the reward within 20s, E1 handed the reward to the subject.  

Towards: E1 looked towards the reward. When the bird approached the reward and directed 

E1 attention towards the reward within 20s, E1 handed it over to the subject.  

Away Body-facing: Identical to Away, except that E1‘s body faced toward the reward and 

only the face was turned away. When the bird approached E1 and directed the attention 

towards the reward within 20s, E1 handed it over to the subject.  
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Towards Body-away: Identical to Towards, except that E1‘s body was turned away and only 

the face was directed towards the reward. When the bird approached the reward and directed 

E1 attention towards the reward within 20s, E1 handed it over to the subject.  

 

Scale: Theory of Mind  

 

a. Gaze Following   

As baseline the experimenter sat for two minutes in front of the experimental compartment 

and looked straight for this time. All look-ups from the bird were counted to calculate a 

baseline level (look-ups per min). In the experimental condition, the experimenter sat in front 

of the subject and handed a piece of food to the subject to attract its attention. When the bird 

came closer and looked at the experimenter, the trial started. The gaze cue was conducted in 

three different ways:  

Head + Eyes: The experimenter called the subject’s name and showed a piece of food. Then 

the experimenter hid the food in her/his hand, which remained in front of her/his body. 

Afterwards the experimenter looked up with both head and eyes for ~10s.  

Back: The experimenter sat with her/his back facing the subject. The experimenter called the 

bird’s name and showed a piece of food. Then the food was hidden in the experimenter’s 

hand, which remained in front of her/his body. Afterwards the experimenter looked up in the 

air for ~10s.  

Eyes: The experimenter called the subject’s name and showed a piece of food. Then the 

experimenter hid the food in her/his hand, which remained in front of his body. Afterwards 

the experimenter glanced up in the air for ~10s while her/his face was still facing the subject.  

A correct response was obtained if the subject followed the gaze of the experimenter. 

b. Intentions   

In these tasks two experimenters were needed (E1 & E2). E1 put up an occluder and placed 

two cups on the platform in front of the experimental compartment. Then the experimenter 

showed the reward to the subject, which she/he afterwards placed in one of the two cups. 

After removing the occluder, E2 manipulated the cups in one of two ways:  

Trying: E2 reached for the baited cup and tried in vain to remove the lid while looking at the 

cup.  

Reaching: A Plexiglas barrier blocked E2’s access to the cups. Therefore, E2 unsuccessfully 

tried to reach the baited cup by extending the equilateral arm, looking at the correct cup. E2 

continued to give this cue until the subject indicated a choice.  
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After each demonstration E1 approached the table after ~3s and pushed the platform forward 

so that the subject was allowed to make a choice. To count as a correct response subjects had 

to choose the baited cup first. 

 

 Scoring and Reliability 

 

In contrast to great apes, which use their hands, ravens manipulate objects with their 

beaks. Thus, a choice was scored when the tested individual pointed with the beak through 

the wire mesh at one of the locations (cups or other material) or pecked against the 

cup/material. When the tested bird pointed at the correct location, it retrieved a small food 

reward. When it made incorrect responses (except otherwise stated), the experimenter 

showed the location of the hidden food after each trial and took the food away. Scoring took 

place of both experimenters during testing (in all tasks except gaze following). In the gaze 

following task, a second observer coded the videotapes to assess inter-observer reliability, 

which was excellent (Cohen’s K= 0.93). 

 

Statistical Analyses 

 

To investigate how the proportions of correct responses of ravens across different 

cognitive scales varied with age and cognitive scale, we used a Generalized Linear Mixed 

Model (GLMM; Baayen 2008; McCullagh & Nelder 1989) with a logit link function. The 

response in this model consisted of the proportion of correct trials. In R such an analysis of 

proportions of binary outcomes is possible with the response being a two columns matrix 

consisting of the number of successes and failures per trial, respectively. As predictors with 

fixed effects we included age and scale as our key test predictors, and sex and experimenter 

(two levels) as control fixed effects. Because we predicted a scale dependent change of the 

performance throughout ontogeny, we incorporated the two-way interaction between age and 

scale as another test predictor with fixed effect. As random effects, we included identity of 

the subject and the sibling group as well as the item and the task and also the trial ID into the 

model. To control for varying chance probabilities across the cognitive tests, we included 

chance probability (log-transformed) of the different items as an offset term into the model 

(McCullagh & Nelder 1989). 

To keep type I error rate at the nominal level (Barr & Scheepers 2013; Schielzeth & 

Forstmeier 2009), we included all theoretically identifiable random slopes components (age, 
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scale, experimenter, and their interaction within subject identity and sibling group; sex within 

sibling group; age, sex, and experimenter within item and scale; we manually dummy coded 

and then centred factors before entering them into the random slopes part of the model). 

Initially, we also incorporated all correlations between random intercepts and slopes. 

However, most of them appeared to be unidentifiable as indicated by absolute correlation 

parameters being essentially one (Matuschek et al. 2017), and hence we removed them from 

the model.  

Since chance probabilities for the tasks in the realm social learning, attentional state 

and gaze following cannot be determined, we excluded these from the model. To assess the 

overall effect of our key test predictors, we compared the fit of the full model (with 

interaction, fixed factors and random effects) with that of a null model (Schielzeth & 

Forstmeier 2009) comprising only the control fixed effects predictors, the random effects, 

and the offset term using a likelihood ratio test (Dobson 2002). 

To assess model stability, we compared the estimates obtained from the model based 

on all data with those obtained from models with the levels of the random effects excluded 

one at a time. The results showed that the model was relatively unstable with regard to the 

effect of the two-way interaction. 

Overdispersion appeared to be no issue (dispersion parameter: 1.00). To rule out 

collinearity, we assessed Variance Inflation Factors (VIF; Field 2005) for a standard linear 

model excluding the interaction, the random effects, and the offset term. With VIF of 3.86 for 

age and 3.84 (squared Generalized VIF; Fox & Monette 1992) for experimenter collinearity 

was not severe. 

We fitted the model in R (version 3.4.0; R Development Core Team 2011) using the 

function glmer of the R package lme4 [version 1.1-13; Bates 2015]. Confidence intervals 

were obtained using the function bootMer of the package lme4, using 1,000 parametric 

bootstraps and bootstrapping over the random effects, too (argument ‘use.u’ set to FALSE). 

We derived tests of the individual fixed effects using likelihood ratio tests comparing the fit 

of the full model with that of models lacking the terms to be tested one at a time (Barr & 

Scheepers 2013; R function drop1 with argument 'test' set to "Chisq"). Prior to fitting the 

model we z-transformed age to a mean of zero and a standard deviation of one. The sample 

size for this model was 754 tests of eight ravens in four sibling groups, tested in 12 tasks and 

26 items.  

To compare performance levels among species we also used a GLMM with logistic 

error structure and logit link function. The response was again a matrix with the numbers of 
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correct and incorrect responses. Into the model we included as key test predictors with fixed 

effects species and its interaction with scale. To control for sex effects we included it as an 

additional fixed effect (and also the main effect of scale). As random intercepts effects we 

included item, task, individual, task nested in individual, and trial ID. As random slopes we 

included species and sex within item and task and scale within individual (all manually 

dummy coded and then centred). As for the first model we included chance probability (log-

transformed) of the different items as an offset term into the model. The null model lacked 

species and its interaction with scale but was otherwise identical to the full model. The model 

was not overdispersed (dispersion parameter: 0.881), and collinearity was no issue either 

(maximum squared Generalized VIF: 1.02). Model stability and confidence intervals we 

established as for the first model. The sample size was a total of 4342 trials, conducted with 

146 Individuals using 26 items and 12 tasks (with 1752 task nested in individual). 

Finally, we fitted an additional model for species comparison, using only those items 

for which the probability of a correct response was unknown. This model was identical to the 

other species comparison model, with the exceptions that it did not include an offset term, 

lacked the random effects of task and task nested in individual, and that the fixed effect of 

scale comprised only the levels Causality, Communication, Quantities, Space, and Theory of 

Mind. The model was somewhat underdispersed (dispersion parameter: 0.524). The sample 

size for this model was a total of 1611 trials conducted with 146 Individuals using 8 items. 

 

Ethical note 

All birds were hand-raised and housed in accordance to the German Animal Welfare 

Act (Federal Law Gazette I, p. 1094). All testing was non-invasive and the subjects 

participated voluntarily in the experiments. They always had ad libitum water access and 

were never food deprived. If we noticed that birds were stressed, tired or did not respond at 

all, we stopped testing and continued on the consecutive day.   

 

 

 

 

 
	



Chapter IV – Cognitive skills and cognitive development in ravens (Corvus Corax) 

	 103	

Results 
 

To answer question one, if ravens perform differently between the social and the 

physical domain, we calculated a model with an interaction between age and scale. Overall, 

the full-null model comparison revealed significance (likelihood ratio test: chi-

square=17.265, df=9, P=0.045), but the interaction between age and scale did not reveal 

significance (chi-square=2.417, df=4, P=0.660; Table 3; Figure 2). After removal of the non-

significant interaction, we found a clearly significant effect of scale (Table 4; Figure 3). 

Pairwise comparisons of the response between the levels of scale revealed that the 

performance of the birds was significantly higher in the scale Quantity as compared to all 

others and significantly lower in the scale Space as compared to all others (see Table 5).   

The first model also included age as key test predictor, to answer question two about 

the development of cognitive skills. The model revealed that age (-0.063±0.062, chi-

square=1.005, df=1, P=0.316) had no significant impact on the performance of the birds.  

 
Table 3 Results of the full model addressing ontogenetic trajectories in ravens 

Term Estimate SE lower 
Cl 

upper 
Cl Chisq df p min max 

Intercept 0.995 0.131 0.748 1.265    0.881 1.080 
Age(1) 0.003 0.110 -0.193 0.198    -0.151 0.050 
Scale 

Communication 
0.028 0.097 -0.160 0.214    -0.026 0.127 

Scale Quantity 0.247 0.102 0.048 0.462    0.133 0.310 
Scale Space -0.349 0.083 -0.509 -0.187    -0.426 -0.255 
Scale ToM -0.038 0.125 -0.278 0.232    -0.170 0.069 

Sex(2) 0.011 0.079 -0.141 0.165 0.020 1 0.889 -0.127 0.081 
Experimenter(3) -0.257 0.204 -0.686 0.117 1.570 1 0.210 -0.369 -0.033 

Age:Scale 
Communication(4) 

0.034 0.157 -0.291 0.338 2.417 4 0.660 -0.034 0.163 

Age:Scale 
Quantities(4) 

-0.164 0.178 -0.527 0.191    -0.269 0.028 

Age:Scale 
Space(4) 

-0.095 0.161 -0.385 0.176    -0.161 0.147 

Age:Scale ToM(4) -0.256 0.212 -0.652 0.123    -0.370 0.125 
(1) z-transformed to a mean of zero and a standard deviation of one; mean and sd of the original age were 42.877 
and 21.940 weeks, respectively 
(2) dummy coded with female being the reference category 
(3) dummy coded factor with two levels 
(4) the reference category was 'Causality'; the indicated test refers to the overall effect of the interaction 
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Figure 2 Proportion of correct responses as a function of ravens age. Depicted are proportions of each 
individual against the respective mean age. The area of the dots represent the sample size per individual: the 
dashed line and grey area represent the fitted model and confidence intervals based on all covariates and factor 
centred to a mean of zero. 
 
Table 4 Results of the reduced model (lacking the interaction between age and scale) addressing ontogenetic 
trajectories in ravens. 

Term Estimate SE Chisq df p 
Intercept 0.982 0.121    

Age(1) -0.063 0.062 1.005 1 0.316 
Scale Communication (4) 0.035 0.095 13.836 4 0.008 

Scale Quantity (4) 0.247 0.101    
Scale Space (4) -0.347 0.082    
Scale ToM (4) -0.073 0.121    

Sex(2) 0.011 0.079 0.019 1 0.891 
Experimenter(3) -0.228 0.181 1.591 1 0.207 

(1) z-transformed to a mean of zero and a standard deviation of one; mean and sd of the original age were 42.877 
and 21.940 weeks, respectively 
(2) dummy coded with female being the reference category(3) dummy coded factor with two levels 
(4) the reference category was 'Causality'; the indicated test refers to the overall effect of the interaction 
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Figure 3 Proportions of correct responses as a function of Scale. Dots represent the mean amount of 
observations per correct proportion. Indicated are median (horizontal lines), quartiles (boxes) and percentiles 
(2.5 and 97.5%, vertical lines). The crosses represent the fitted model (conditional on all covariates and factors 
centred to a mean of zero).  
 
Table 5 Results of the pairwise comparison of scale addressing ontogenetic trajectories in ravens. Bold letters 
represent significant results, italic letters represent trends.  

Reference level Comparison with Estimate SE z.value P 
Causality Communication 0.035 0.095 0.367 0.714 
Causality Quantity 0.247 0.101 2.439 0.015 
Causality Space -0.347 0.082 -4.245 0.000 
Causality Theory of Mind -0.073 0.121 -0.603 0.547 

Communication Causality -0.040 0.092 -0.430 0.668 
Communication Quantity 0.213 0.113 1.883 0.060 
Communication Space -0.383 0.096 -3.984 0.000 
Communication Theory of Mind -0.106 0.131 -0.810 0.418 

Quantity Causality -0.252 0.102 -2.482 0.013 
Quantity Communication -0.212 0.116 -1.830 0.067 
Quantity Space -0.595 0.105 -5.690 0.000 
Quantity Theory of Mind -0.319 0.139 -2.300 0.021 

Space Causality 0.349 0.075 4.680 0.000 
Space Communication 0.390 0.094 4.146 0.000 
Space Quantity 0.600 0.099 6.053 0.000 
Space Theory of Mind 0.284 0.121 2.349 0.019 
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To answer question three about the differences in performance between great apes 

and ravens, we calculated a model with an interaction between species and scale. The model 

revealed clear species differences (full-null model comparison: chi-square=32.121, df=10, 

P<0.001). Furthermore, the full model revealed a significant interaction between species and 

scale (chi-square=16.274, df=8, P=0.039). Ravens performed worse than the two great ape 

species in the Causality, Space and the Communication scale, however they performed 

comparable to the orangutans in the Quantities and the Theory of Mind scale (see Table 6 and 

Figure 4 for details). 

 
Table 6 Results of the full model addressing species difference in performance as a function of scale.  

Term Estimate SE lower 
Cl 

upper 
Cl 

min max 

Intercept 1.244 0.155 0.158 0.725 1.168 1.293 
Species Orangutan(1) -0.103 0.132 -0.383 0.175 -0.200 -0.054 

Species Raven(1) -0.367 0.265 -0.894 0.175 -0.422 -0.309 
Scale Communication(2) 0.111 0.261 -0.368 0.606 -0.033 0.536 

Scale Quantity(2) 0.162 0.326 -0.458 0.798 0.109 0.236 
Scale Space(2) 0.601 0.209 0.187 0.980 0.373 1.031 
Scale ToM(2) -0.219 0.336 -0.853 0.401 -0.449 0.013 

Sex(3) 0.049 0.043 -0.030 0.132 0.030 0.067 
Species Orangutan:Scale 

Communication 
0.106 0.209 -0.340 0.494 0.035 0.202 

Species Raven:Scale 
Communication 

-0.134 0.420 -0.961 0.694 -0.435 0.052 

Species Orangutan:Scale 
Quantity 

-0.099 0.192 -0.495 0.277 -0.257 0.020 

Species Raven:Scale Quantity 0.062 0.446 -0.798 0.993 -0.091 0.201 
Species Orangutan:Scale Space -0.448 0.186 -0.844 -0.103 -0.638 -0.247 

Species Raven:Scale Space -1.136 0.389 -1.873 -0.396 -1.490 -0.758 
Species Orangutan:Scale ToM -0.017 0.259 -0.522 0.513 -0.186 0.147 

Species Raven:Scale ToM 0.137 0.520 -0.901 1.217 0.044 0.226 
(1) dummy coded, the reference category was Chimpanzee 
(2)  dummy coded; the reference category was Causality 
(3) dummy coded with female being the reference category 
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Figure 4 Proportions of correct responses as a function of Species and Scale. C represents chimpanzees, O 
represents orangutans and R represent ravens. Dots represent the mean amount of observations per correct 
probability. Indicated are median (horizontal lines), quartiles (boxes) and percentiles (2.5 and 97.5%, vertical 
lines). 
 

The model using only those tasks for which chance probability was unknown did not 

reveal a significant species difference (chi-square=7.914, df=6, P=0.244) between the scales 

Social Learning, Attentional State and the Theory of Mind task “Gaze following” (see Table 

7). 
 
Table 7 Species comparison for behaviours with unknown change probability 

Term Estimate SE z value p 
Intercept -0.216 0.618 -0.350 0.726 

Species Chimpanzee(1) -0.797 0.662 -1.203 0.229 
Species Orangutan(1) -1.147 0.487 -2.357 0.018 

Scale Social Learning(2) -3.576 1.246 -2.869 0.004 
Scale Theory of Mind(2) -1.185 0.920 -1.289 0.197 

Sex Male(3) -0.039 0.179 -0.215 0.830 
Species Chimpanzee:Scale Social Learning 1.748 1.331 1.313 0.189 
Species Orangutan:Scale Social Learning 1.742 0.804 2.167 0.030 

Species Chimpanzee:Scale Theory of Mind 0.263 0.986 0.267 0.790 
Species Orangutan:Scale Theory of Mind 0.397 0.692 0.574 0.566 

 
 (1) dummy coded, the reference category was Raven 
(2)  dummy coded; the reference category was Attentional State 
(3) dummy coded with female being the reference category 
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Discussion 
 

Here, we provide the first comprehensive, quantitative investigation of cognitive 

performance and development in a songbird species — ravens. To do so, we fine-tuned one 

of the most elaborate and sophisticated large-scale cognitive test batteries, the PCTB 

(Herrmann et al. 2007), to corvid features. Our results demonstrate that ravens do not perform 

differently in the domains of social and physical cognition, with full-blown cognitive skills 

already been developed at the age of four months. Furthermore, ravens are indeed 

intellectually comparable to apes dealing with the social world but not in the physical 

domain. In the following, we will discuss these findings in more detail.  

 

Cognitive performance in physical and social cognitive scales 

We expected ravens to be social intellectuals based on their complex social 

environment consisting of fission-fusion societies during the non-breeder stage followed by 

long-term monogamy. Intriguingly, we did not find a significant difference between the 

social and the physical domain. These results are surprizing since other experimental studies 

have revealed advanced socio-cognitive abilities assuming that ravens’ cognitive skills are 

expressed primarily in the social domain (Massen et al. 2014). Despite the vast evidence that 

ravens are outstanding regarding their socio-cognitive abilities (Boeckle & Bugnyar 2012; 

Bugnyar 2011; Fraser & Bugnyar 2011, 2010a; Massen et al. 2014; Pika & Bugnyar 2011; 

Sima et al. 2016), we here revealed for the first time that ravens are on par with some 

physical cognitive skills. Hence, the present findings suggest that the cognitive skills of 

ravens have evolved in a rather general than a domain-specific manner (Gardner 1995). In 

contrast, it has been argued that New Caledonian crows — which are renowned for their tool-

use behaviour and tool-manufacture ( Hunt 1996; Weir et al. 2002) — have specialized in 

physical cognitive abilities (Jelbert et al. 2015; Jelbert et al. 2014). Humans possess a general 

intelligence (for an overview, see Burkart et al. 2016), whereas the concept of general 

intelligence is build on the fact, that, performance across tasks of different cognitive domains 

is positively correlated. General intelligence, as defined in either humans or non-human 

animals, stresses reasoning ability and behavioural flexibility (Burkart et al. 2016). Studies in 

primates support the assumption that also non-human animals possess a general intelligence 

(Burkart et al. 2016). Some scholars have claimed that general cognitive abilities were 

directly selected for to aid animals to cope with novel or unpredictable environments and to 
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deal with unusual or complex ecological challenges (Burkart et al. 2016). Our study supports 

the assumption that also non-human animals other than primates exhibit a general 

intelligence. Furthermore the results reveal that not only mammals possess general cognitive 

abilities but also bird species. Ravens are adapted to complex variable environments. They 

exhibit ecological flexibility along with complex foraging strategies and social behaviour, 

which present driving factors to develop a general cognitive toolkit rather than domain 

specific cognitive abilities. With general intelligence being not limited to humans, the 

question arises, which conditions led to the evolution of general intelligence. Although in 

human research, scholars emphasise the importance of social inputs in the development of 

intelligence (e.g. Tomasello 1999), the evolutionary version of this approach suggests that 

social learning and brain size play a crucial role for the evolution of intelligence. In ravens, 

social learning is not only restricted to song, but also to cognitive abilities (e.g. Schwab et al. 

2007), emphasising the important role of social learning within this species. At this juncture, 

the cultural intelligence approach emphasises that species that rely more systematically on 

social learning are more efficient in ontogenetically constructing survival-relevant skills 

(Herrmann et al. 2007; van Schaik & Burkart 2011) because social influences are very 

powerful domain-general canalization processes (Burkart et al. 2016). In sum, social learning 

is a particularly efficient mechanism of ontogenetic canalization, especially in large-brained 

animals, like corvids.  

Up until now, the majority of studies of cognitive skills in ravens focused on single 

tasks and never used a comprehensive test battery enabling a detailed understanding of the 

cognitive toolkit of the birds. Our results shed new light on the cognitive abilities and show 

that single experimental studies on single cognitive abilities fail to grasp cognitive capacities 

in detail.  

 

The development of cognitive skills 

 As a long living species with the longest maturation process, development of 

cognitive skills in humans consists of complex trajectories and requires several years. 

Whereas some skills emerge early in development or are even innate (e.g. face recognition 

Rochat 2014; face processing Batki et al. 2000), others have a much longer developmental 

trajectory (e.g. emotional perspective taking, Choudhury et al. 2006; joint attention, 

Tomasello 1995; theory of mind, Meltzoff 2002). Moreover a number of theories propose 

that specific skills are essential prerequisites for the acquisition of other abilities, therefore 

requiring a specific pattern of development to acquire the mature adult skill level (Rosati et 
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al. 2014). For example, in the area of theory of mind, young children have been found to 

exhibit a relatively coherent pattern during development (Rosati et al. 2014): children first 

begin to understand that other people can have conflicting desires, then distinguish between 

others’ knowledge states, and finally understand that others may have different (or even 

false) beliefs about the world (Wellman & Liu 2004). Although great apes also represent a 

long living species with a prolonged maturation period, they differ from humans regarding 

the pace of cognitive development. For example, human infants reliably follow other’s gaze 

to targets by 6 months (Butterworth & Jarrett 1991) and begin to follow gaze around barriers 

by 12 months (Moll & Tomasello 2004) whereas chimpanzee’s gaze-following skills can be 

delayed until 13 months (Okamoto et al. 2002). Other studies revealed that chimpanzees are 

not proficient in geometric gaze following or following gaze around barriers until 2 to 3 years 

old (Okamoto‐Barth et al. 2008; Tomasello et al. 2005b; Wobber et al. 2014). Consequently, 

humans seem to display an accelerated pace of social-cognitive development during late 

infancy. Tomasello and colleagues hypothesized that the early emergence of social cognitive 

skills like joint attention and goal understanding facilitates humans to rapidly acquire a 

diverse array of skills across domains (Herrmann et al. 2007; Tomasello & Carpenter 2007; 

Tomasello et al. 2005a). In comparison to humans and chimpanzees which stay with the 

parents (or mothers) for a couple of years, ravens, also a long living species (≈30 years), 

leave their parents already early after ≈ 6 months to aggregate into non-breeder flocks. In the 

current study, the performance of the ravens did not alter in the scales across time, which was 

possibly due to full-blown cognitive skills that have been already developed at the age of four 

months. Supporting our results, Bugnyar and colleagues (2007) showed that three months old 

ravens successfully solved tasks implicating the highest level of sensorimotor performance 

(stage 6 based on Piaget's model of sensorimotor intelligence, Piaget 1952). In a similar vein, 

Schloegl and colleagues (2007) revealed that ravens developed gaze following skills at the 

age of approximately 15 weeks. Furthermore Sima & Pika (subm.) found, that ravens’ 

communicative complexity concerning gestural signalling does not alter between 4-14 

months of age, due to a possible fast development of these skills. This accelerated 

development of ravens’ cognitive toolkit may be connected to a short learning period in the 

presence of the parents. Despite the relatively long life history of ravens, the development of 

their most essential cognitive skills may thus also be heavily linked to leaving the ‘security 

range’ of the parents (Fröhlich et al. 2016b) and aggregating in non-breeder aggregations 

characterised by highly demanding fission-fusion dynamics over seasons and years (Heinrich 
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1991; Braun et al. 2012). To master and engage with a complex environment it thus may be 

adaptive to develop advanced cognitive skills already at a relatively young age. 

Studies on cognitive development in non-human animals are scarce enabling a 

detailed view on developmental trajectories. The few studies on cognitive development in 

ravens, focused on single cognitive traits. By employing a test battery approach here, we 

were able to investigate the development of abilities that covered a variety of domains, from 

capacities to reason about others to abilities to track objects in space and revealed for the first 

time an accelerated development in the social and physical domain.  

 

 

Comparison of cognitive performance of ravens and great apes 

Complex cognition is not a universal trait across non-human animals. For almost 20 

years, evidence has accumulated suggesting that corvids have remarkable cognitive 

capacities, even possessing feats that a number of researchers regard to be uniquely human 

(Clayton & Emery 2015). Furthermore, many aspects of corvid and ape cognition appear to 

use the same cognitive toolkit: causal reasoning, flexibility, imagination, and prospection 

(Emery & Clayton 2004). However, up until now, studies comparing great apes and corvids 

focused on distinct tasks or distinct cognitive traits. This is the first study putting physical 

and social cognitive tasks of corvids and great apes in a systematic and comparative 

perspective. Overall, the ravens performed similar to the two great ape species in the scales 

Quantity, Theory of Mind, and Social Learning and in the Attentional State task. However, 

the chimpanzees and orangutans outperformed the ravens in the Scales Space, Causality and 

Communication (Comprehension and Pointing Cups; Attentional State task excluded). In 

comparison, in the original study (Herrmann et al. 2007), the 2-year old children performed at 

basically an equivalent level to chimpanzees on tasks of physical cognition but far 

outstripped both chimpanzees and orangutans on tasks of social cognition. The result that 

great apes outperformed ravens mainly in the physical domain including the Space scale is 

surprising, since keeping track of objects is an important skill for many species, especially in 

the context of foraging, where animals have to remember food locations they have already 

visited and exploited (Call 2000; Milton 1988). Furthermore corvids are known for their 

caching abilities, and their ability to remember what, where, and when they have cached food 

(Clayton & Dickinson 1998). Thus maybe a caching paradigm would have suited better for 

testing the ravens’ performance regarding their “space skills”. Furthermore a competitive 

situation could positively impact on the ravens’ performance (Heinrich & Pepper 1998). 
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However, this would have inhibited a direct comparison in performance between great apes 

and ravens in this skill. Future studies could tackle this problem in designing batteries that 

mimic better problems of the natural environment of the tested species to preclude artefacts 

of test designs.  

Ravens performed similar to the two great apes species in most social cognitive scales 

and in one physical scale. Navigating through a complex social environment can require 

superior cognition and effective communication (Humphrey 1976; Seyfarth & Cheney 2014; 

Taborsky & Oliveira 2012). Since ravens, like humans, rely heavily on cooperation between 

pair-partners (Heinrich 1991) this may trigger the necessity of advanced socio-cognitive 

skills. Future studies focusing on individual differences could shed light into the question if 

single individuals even outperform great apes or specific individuals within the great ape 

group tested.  

Although, due to the small sample size we should handle these results with care, they 

add to the growing body of work that members of the corvid family are impressively smart 

and perform comparable to great apes in distinct cognitive tasks (Bugnyar 2013; Emery 2004; 

Seed et al. 2009). The present study therefore sheds light on the puzzle of the evolution of 

cognition by enabling a systematic and broader “cognitive picture” considering homologous 

and convergent evolutionary trajectories. Our results endorses the hypothesis that cognition 

has arisen independently across distantly related species through processes of convergent 

evolution, driven by the need to solve comparable social and ecological problems (Bugnyar 

2013; Emery 2004; Marino 2002; Seed et al. 2009).  

 

Conclusion 

This is the first time that such a comprehensive test battery including social and physical 

cognitive aspects was done on a bird species allowing a direct comparison in different 

cognitive skills to our closest living relative. Ravens performed comparable in the physical 

scale than in the social scales revealing that the cognitive skills of ravens have evolved in a 

rather general than a domain-specific manner. Ravens equalled apes in several different 

scales, especially in the social domain. Our findings support the theory that cognition has 

arisen through processes of convergent evolution. We did not find a change in performance 

across development, caused by a possible fast development in the first four-month of age 

before testing. This fast development could be adaptive because of the necessity to deal with 

a complex social environment after leaving the parents and starting to live in fission-fusion 

societies. Future studies using such a large-scale setup during the first four month of life 
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could help answer the question when the different cognitive abilities develop. Furthermore 

test batteries incorporating the natural environment could help to shed light into 

circumstantial cognitive differences between species.     
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Chapter V - General Discussion 
 

 
In the great majority of animals there are traces of psychical qualities or attitudes, which 

qualities are more markedly differentiated in the case of human beings. For just as we 

pointed out resemblances in the physical organs, so in a number of animals we observe 

gentleness or fierceness, mildness or cross temper, courage or timidity, fear or confidence, 

high spirit or low cunning, and, with regard to intelligence, something equivalent to sagacity. 

Some of these qualities in man, as compared with the corresponding qualities in animals, 

differ only quantitatively: that is to say, a man has more or less of this quality, and an animal 

has more or less of some other; other qualities in man are represented by analogous and not 

identical qualities: for instance, just as in man we find knowledge, wisdom, and sagacity, so 

in certain animals there exists some other natural potentiality akin to these. The truth of this 

statement will be the more clearly apprehended if we have regard to the phenomena of 

childhood: for in children may be observed the traces and seeds of what will one day be 

settled psychological habits, though psychologically a child hardly differs for the time being 

from an animal; so that one is quite justified in saying that, as regards man and animals, 

certain psychical qualities are identical with one another, whilst others resemble, and others 

are analogous to, each other.  

—Aristotle. Historia Animalium. Book VIII, Chapter I.    

 

The Aim of My Doctoral Thesis 
 

While the acquisition of gestures and underlying socio-cognitive skills have been 

studied in great apes and humans, virtually nothing is known about non-primate species. One 

major aim of my thesis was to shed more light on the development of cognitive and 

communicative abilities of corvids using two closely related species and comparing the 

results with distantly related species. I conducted the first systematic study on the gestural 

repertoire of a bird species and used a large-scale battery to compare the performance of 

ravens in physical and social cognitive tasks with the performance of great apes 

(chimpanzees and orangutans). Furthermore, I examined post-conflict behaviour in crows and 
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the influence of social relationships on the incidence of reconciliation and third-party 

affiliation. All three studies were conducted throughout the first year of life of the birds to 

examine developmental trajectories. By adopting the methods from gestural research of great 

apes and comparing cognitive skills of the ravens with two great ape species, I aimed to 

better understand the convergent evolution of cognitive traits in the distantly related family of 

corvids. In the following sections, I will briefly discuss broader implications of the results 

obtained in all sub-projects and will refer to further research.  

 

Development of Social Behaviour  
 

The social domain is possibly the most complex and fluctuating component of an 

animal’s environment as it involves interaction with other behavioural agents leading to high 

levels of unpredictability (Taborsky & Oliveira 2012). Therefore, more than in any other 

behavioural domain, it is expected that social behaviour should exhibit high levels of 

plasticity. Previous studies found contradicting results of post-conflict behaviour in corvids 

(see Chapter II). By examining the post-conflict behaviour of crows throughout the first 

year of life, I tested the impact of social relationships and their development on the birds’ 

post-conflict behaviour (Chapter II). I provided evidence that the social relationship 

structure influences the employment of post-conflict behaviour in sub-adult crows. In 

comparison to previous studies on post-conflict behaviour in corvids, the crows in my study 

had not yet established an exclusive pair bond that enabled valuable social relationships with 

other individuals (Chapter II). These results thus emphasised that social relationships are 

playing a key role in corvids’ social life and—similarly to primates and other social living 

mammals—impact on the occurrence of post‐conflict behaviour. In a similar vein, the effect 

of social structure on post-conflict behaviour has also been found in human children (Shantz 

& Hartup 1995), who differ in their reconciliation behaviour due to the social setting (dyadic 

or group setting). Furthermore, in my study, reconciliation with affiliates only occurred after 

low intensity conflicts (Chapter II). Supporting my results, children in preschool groups also 

have less hostile conflicts with friends and reconciliation has been reported more often than 

between children who do not mutually like one another (Hartup et al. 1988). Social 

relationships between the birds developed across the study period from weaker relationships 

with a higher number of individuals, to a smaller number of social relationships with higher 

strength (Chapter II). In children, interactional competences that develop in the first two 
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years of life, provide a foundation for all further social and communicative developments 

(Seibert et al. 1982). In children, social behaviour and cognitive development are inextricably 

intertwined: without the ability to interpret the behaviour of another individual, one cannot 

respond appropriately, therefore interpreting the meaning of behaviour requires cognitive 

processes (Bates et al. 1979). Consequently, the next step was to examine the development of 

physical and cognitive skills (Chapter III). 

 

 

Development of Social and Physical Cognitive Skills 
 

The social-cognitive skills that underlie human culture emerge in two major steps 

during human ontogeny (Tomasello et al. 2005b). The first major ontogenetic step happens 

around one year of age when infants perceive the actions and perceptions of other persons in 

intentional terms for the first time (Tomasello 1995). The second major step occurs at around 

four years of age when children are first able to deal with beliefs as major determinants of 

human actions (Wimmer & Perner 1983). Furthermore, since Piaget’s (1954) work, where he 

examined how human children come to understand that objects continue to exist when they 

are out of sight (e.g., object permanence), children’s development in the physical domain has 

been an area of active research and debate. While some scholars propose that infants only 

acquire rich representations of objects by interacting with the physical environment (Smith & 

Gasser 2005), others suggest that even very young infants are equipped with sophisticated 

abilities to represent objects (Feigenson et al. 2004; Spelke et al. 1992).  

By examining the physical and social cognitive development of ravens I tried to shed 

light on the question how the birds acquire specific skills throughout ontogeny (Chapter III) 

and if they show similar developmental trajectories than humans or our closest living 

relatives. Contrary to my predictions, I did not find an increase in performance in either 

social or physical cognitive tasks (Chapter III) throughout the testing period. In a similar 

test battery Wobber and colleagues (2014) could show, that several social skills emerge 

earlier during development in human children than in same-aged chimpanzees and bonobos 

as well as evidence that in children, social cognitive skills underlay improvements in the 

physical domain. Ravens seem to differ in their pace of cognitive development in comparison 

to great apes and humans. I hypothesised that ravens need a broad cognitive toolkit already 

early during ontogeny as a result of the demands of integrating into non-breeder flocks. The 
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lack of increase of performance of the ravens in my study, therefore, may have derived from 

an accelerated development in the first four-months before I conducted my study (Chapter 

III). Through rapid learning and development, individuals may track the changes in 

resources, improve efficiency in exploiting available sources, gain access to novel 

opportunities and develop new responses to enemies. Furthermore, the development of 

cognitive abilities in ravens could be subdivided in cognitive milestones, where one major 

developmental milestone happens within the first four months of life, and possible other 

developmental milestones happen when birds reach sexual maturation at 2-3 years. A 

possible reason for the relatively quick first cognitive developmental milestone, despite the 

long lifespan of ravens, might be that birds need to be equipped with specific cognitive skills 

when they leave their parents around the age of six months and incorporate in non-breeder 

aggregations characterised by high fission-fusion dynamics (Braun et al. 2012; Heinrich 

1991). As neural systems develop and individuals acquire greater experience, we may see 

improvements in adulthood for many cognitive traits (Thornton & Lukas 2012). To master 

and engage with this socially complex environment, it thus may be adaptive, in terms of 

ecology, to develop specific cognitive skills at a relatively young age. Future studies, similar 

to Wobber and colleagues (2014) longitudinal study on development of older ravens, could 

therefore be advantageous to shed light on the question of developmental milestones. 

Furthermore, older birds might then rival great apes even more in their cognitive abilities.    

 

Gestural Signals in Ravens 
 

Until recent years, gestural research in non-human animals was conducted exclusively 

on primates (Call & Tomasello 2007; Fröhlich et al. 2016a; Hobaiter & Byrne 2011a; 

Kummer 1968; Maestripieri 1997; Leavens & Hopkins 1998; Leavens et al. 2005; Nishida 

1980; Pika & Liebal 2012; Plooij 1978;Roberts et al. 2014; Schaller 1963; Tanner & Byrne 

1996; Tomasello et al. 1994; Tomasello et al. 1985; Van Lawick-Goodall 1968); As of 

recently, the number of studies on non-primate species and thus complementing the findings 

on great apes, has been growing (ravens, Pika & Bugnyar 2011; Australian magpies, Kaplan 

2011; fish, e.g. Plectropomus pessuliferus, Vail et al. 2013; dolphins, Tursiops truncatus, 

Xitco et al. 2001; horses, Equus caballus, Malavasi & Huber 2016). However, most of these 

studies focus on only a few gestural signals, or neglect to follow the gestural criteria and 

methods used in primate research, precluding comparisons between species. Hence, there is a 
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crucial need for comparative gestural studies, especially if we aim to understand the 

evolution of these communicative skills. In Chapter VI, I investigated whether ravens also 

use gestures in an intentional way similar to great apes using the criteria and methods from 

primate gestural research. Moreover, I provided compelling evidence that ravens’ gestures 

differ regarding the intentional usage from displays and actions (Chapter VI). The gestural 

repertoire increased throughout the testing period, which is in line with findings of great apes 

where the gestural repertoire increased during ontogeny. My findings, that ravens are able to 

use gestures flexibly across contexts in an intentional way comparable to primates (Call & 

Tomasello 2007; Fröhlich et al. 2016a; Hobaiter & Byrne 2011a; Leavens & Hopkins 1998; 

Leavens et al. 2005; Pika & Liebal 2012; Roberts et al. 2014) thus adds to the growing 

evidence that corvids are comparable to non-human primates in many cognitive domains 

(Weir et al. 2002; Bugnyar & Kotrschal 2004). Moreover, because ravens, similar to humans, 

rely considerably on cooperation between pair-partners (Heinrich 1991), my results support 

the hypothesis that evolutionary new inferential processes ensue when communication 

becomes governed by more cooperative motives (Vygotsky 1980). Furthermore, cooperation 

can be an underlying principle of communication in bird species that engage in communal 

mobbing (Altmann 1956) and mutual raising of chicks (Kedar et al. 2000).  

Detailed insight in communicative abilities of our closest phylogenetic relatives, the 

non-human primates, can help in reconstructing the behaviour of the last common ancestor of 

Pan and Homo and, perhaps, some aspect of early hominin behaviour (Pika & Bugnyar 

2011). To reconstruct hominin evolution and the changes that paved the way for language to 

evolve, we have to view the likely adaptations of early hominids generally, rather than with 

specific reference to only great ape species (Pika & Bugnyar 2011). Studying species with 

similar social systems and social structure to humans sheds light on the question of how 

specific socio-ecological dynamics trigger specific communicative adaptions, and therefore 

aid to identify the evolutionary history of those factors (Emery & Clayton 2004). By also 

using the analogous approach and focusing on distantly related species that live in similar 

social systems to humans, we can gain a holistic and novel view of why different 

communicative skills may have developed and started to play a role in human behavioural 

history (Pika 2012).  
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Comparisons between distantly related species 
 

Navigating through a complex social environment can require superior cognition and 

effective communication (Humphrey 1976; Seyfarth & Cheney 2014; Taborsky & Oliveira 

2012), thus corvids represent an ideal model species. Individuals in complex social groups 

must be able to remember prior social interactions, anticipate companions’ behaviours, and 

understand relationships between other group members (Humphrey 1976; Seyfarth & Cheney 

2014; Shettleworth 2009; Taborsky & Oliveira 2012). Furthermore social living not only 

affects cognition, but can also shape specialized abilities to communicate through 

mechanisms both of phenotypic plasticity and of evolution (Sewall 2015).  

Research comparing differences in cognitive processes between humans and closely 

related species emphasises evolutionary divergences in cognitive trajectories, whereas 

cognitive similarities between humans, great apes, and more distantly related species, such as 

corvids, emphasis evolutionary convergence (van Horik & Emery 2011). Therefore, 

comparing closely related species with distantly related species across different cognitive 

skills could aid to reconstruct the evolution of specific cognitive traits and their neural 

correlates. I followed the comparative approach and used methods (Chapter IV) and results 

(Chapter III) from primate research to enable a direct comparison. In the Corvid Cognitive 

Test Battery (CCTB) I used a compilation of tests designed for great apes and children, and 

tested ravens and compared their cognitive abilities with the results from the great apes 

(Chapter III). The ravens performed on par with the great apes in several tasks especially in 

the social domain (Chapter III). Thus, our results add to the growing body of evidence of 

convergent evolution of advanced socio-cognitive abilities between great apes and the genus 

Corvus. Furthermore, although often neglected, ravens mastered the physical cognitive 

domain. The application of test batteries rather than testing single cognitive traits in non-

human research, both within species and in comparative studies, could help to tackle central 

queries about the structure, evolution, and function of cognition (Shaw & Schmelz 2017). In 

the context of comparative studies, a test battery approach may elucidate the structure of 

cognitive performance in non-human lineages (Shaw & Schmelz 2017). Thus, discovering 

similarities and differences in the cognitive structures across taxa reveals new insights into 

the question of homology or convergent evolution of cognitive traits (Shaw & Schmelz 

2017).   
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General Intelligence and Domain specificity 
 

In humans, performance across tasks of different cognitive domains is positively 

correlated and can be attributed to the single ‘general intelligence’ factor, g. This factor g 

comprises more specific abilities e.g. “verbal competence” or “working memory” 

(Mackintosh 2011). Consequently, cognitive abilities are not totally independent of each 

other, sharing (at least partly) a common mechanism. While the presence of g in humans is 

widely accepted in the scientific community, the existence of g in non-human animals is still 

a matter of debate. In the discipline of comparative cognition, it has been highly debated 

whether cognition is structured into separate modules or whether there is a general problem-

solving ability that affects all behavioural domains and ecological demands (for an overview, 

see Burkart et al. 2016). The domain-general factor of intelligence stands in contrast to 

domain-specific cognitive mechanisms or adaptive specializations (Cosmides & Tooby 

2002). Domain-specificity could arise whenever a species is confronted repeatedly with the 

same fitness-relevant cognitive problem, leading to a developmentally “hardwired solution to 

this problem" (Burkart et al. 2016). One major difference between domain-specific and 

domain-general mechanisms concerns the usage; while domain-specific mechanisms can only 

be used in the domain for which they evolved, domain-general mechanisms can be used to 

solve problems across domains (Burkart et al. 2016). Therefore, species which excel in socio-

cognitive tasks, likely due to their complex social environment, and also excel in non-social 

tasks and have evolved big brains are potential candidates for general intelligence (Burkart et 

al. 2016). In line with this, I provide evidence that ravens, which are big-brained birds, not 

only succeed in the socio-cognitive tasks of CCTB but also mastered the physical-cognitive 

tasks (see Chapter III). Although recent studies have emphasised that ravens’ cognitive 

abilities are mainly comprised in the social domain (Massen et al. 2014), I could show for the 

first time, that their physical abilities are on par with the social skills. Furthermore, I revealed 

that the ravens exhibit gestural communication comparable to non-human primates regarding 

flexibility and complexity (Chapter IV). This hints at a general intelligence rather than 

domain-specific cognitive skills on a species-level.  

The evolution of large brains, such as those of humans is puzzling since growing and 

enlarged brain is associated with high cost of development and maintenance. The ‘cognitive 

buffer’ hypothesis states that these costs are compensated for later in life by the benefits that 
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a large brain provides to survive environmental challenges through flexible behaviour 

(Allman et al. 1993; Allman 2000; Deaner et al. 2002). In general, behaviourally flexible 

animals that have to learn to (i) avoid predators, (ii) find edible food, or (iii) select habitats 

suitable for living and reproduction (decisions that take time and may be risky) should be 

more vulnerable during early stages of development than those that do so by means of 

instinctive behaviours (Reader 2004; Sol et al. 2007). Nevertheless, once obtained, these 

learned skills may be essential for dealing with several ecological stresses, sheltering the 

individual from extrinsic factors. Through rapid learning, individuals may spot the changes in 

resources, improve efficiency in exploiting available sources, gain access to novel 

opportunities and acquire new reactions to enemies (Dukas 1998; Lefebvre et al. 2004, Sol 

2003; Sol et al. 2007). 

 
 

Limitations of the Study and Outlook 

 
Although I could reveal some new and intriguingly findings about the development of 

cognitive and communicative skills in corvids, there are some limitations of the study. First, I 

used crows in the first experiment whereas I used ravens in the two other studies. This could 

restrict a direct comparison between the three. Although I also collected the data for the 

gestural study on the crows, I could not code and analyse the data due to time and analytical 

constraints. However, in most comparative studies, ravens and crows showed the same 

behavioural responses (Cibulski et al. 2014; Dufour et al. 2011; but see Hillemann et al. 

2014) and the data of the two species was pooled because of resemblance. Furthermore 

studies on post conflict behaviour in ravens already exist; hence I chose crows as the 

subjects. In future studies, the gestural communication of crows and other corvids should be 

also examined to unravel if ravens are peculiar regarding their communicative abilities as 

Gwinner (1964) claimed or if these skills are a common trait within the corvid lineage.   

Moreover, I only used hand raised birds in the course of my study and the rearing 

history could have an impact on the communicative and cognitive abilities. Studies on 

enculturated great apes became massively controversial following the publication of several 

reports from a study by Herb Terrace et al. (1979, 1980) concerning a chimpanzee named 

Nim Chimpsky. However, I think that our birds were not influenced in their cognitive 

abilities and their general behaviour due to rearing since we only took them from the nests at 
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3 weeks of age and they were kept in a group with conspecifics and not isolated. Furthermore 

working closely with a highly neophobic species (especially in the cognitive test battery) 

would not be possible if the birds would not be raised and frequently exposed to humans. 

However, if the lack of an adult model bird has an impact on their communicative skills is 

still ambiguous. Future studies could test if the birds differ especially in their communicative 

abilities depending on the rearing history (handraised versus parent raised birds).  

Future studies could also focus on individual differences especially in the gestural and 

cognitive abilities. Regarding gestures, it could reveal if also idiosyncratic gestures in ravens 

exist. Also in the cognitive domain it would be interesting to test for individual differences 

and a potential g within the species.  

 

 

 

Conclusion 

 
A central aim of comparative cognition is to elucidate the evolutionary origins of 

cognitive mechanisms across species (Thornton & Lukas 2012). In the course of my PhD, I 

examined the communicative and cognitive abilities of two corvid species, with a special 

focus on development. To gain a better understanding of gestural diversity, developmental 

process, and underlying cognitive skills, I integrated several methodological approaches. 

First, I conducted a developmental study on post-conflict behaviour in carrion crows 

and based on my findings I could demonstrate that post-conflict behaviour is affected by 

social relationship structure, which changes during the course of ontogeny.  

Second, I conducted the first systematic study on the gestural repertoire of ravens 

using methods from primate gestural research, enabling a direct comparison. I revealed that 

the ravens use gestures flexibly across contexts and that ravens’ gestures differentiate from 

displays and actions regarding intentional usage.  

Third, my study on the CCTB revealed, that ravens which are known for their socio-

cognitive abilities, also master physical cognitive tasks hinting at general intelligence in this 

corvid species. Furthermore, using the same procedure as in the original paper by Hermann 

and colleagues (2007), who also kindly provided the data from the great apes, enabled a 

direct comparison between the distantly related species.  
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Although I could not find a developmental change over time concerning the gestural 

production and the cognitive skills of ravens, these findings are still noteworthy, hinting at an 

accelerated ontogeny of specific cognitive skills, or at least for a major developmental 

milestone happening within the first four months of age. Overall, my studies provide novel 

evidence to the extent to which corvids resemble our closest leaving relatives in the different 

cognitive domains. Furthermore, the complex social environment of corvids can be linked to 

their advanced cognitive and communicative abilities. With my PhD project, I hope to 

encourage further studies on the development of cognitive and communicative abilities in 

non-primate species to shed more light on the processes of convergent evolution and possible 

precursors for human cognition and language.  
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