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ABSTRACT 

 

 

New Caledonian crows are an exceptional species of bird, known to manufacture 

and use complex tools in the wild. In captivity, they appear to possess a causal 

understanding of many elements of tool use and to demonstrate a number of 

advanced cognitive abilities. As a member of the large-brained corvid family, these 

birds have been collectively referred to as ‘feathered apes’. However, to what 

extent are the cognitive abilities of New Caledonian crows similar to those of the 

great apes? Is it the case that these crows possess a suite of generalised cognitive 

abilities, comparable in breadth and flexibility to those of our closest primate 

relatives? Or, alternatively, have these birds evolved more specialised cognitive 

adaptions, perhaps in response to the evolutionary pressures of tool manufacture 

and use? In this thesis, I investigate the cognitive abilities of New Caledonian crows 

across a broad range of domains. I report the results of five experimental studies 

designed to tap different aspects of New Caledonian crow cognition, spanning the 

fields of causal reasoning, reasoning by exclusion, cooperation, self-control, and 

the cultural transmission of tool designs. From the results of this work I argue that 

New Caledonian crows could be characterised as possessing a portfolio of 

advanced physical cognition and reasoning abilities, but more limited social 

cognition. This body of work therefore highlights a number of similarities, but also 

a number of differences, between the cognitive abilities of New Caledonian crows 

and the great apes, and provides a window into the ways in which intelligence 

evolves.  
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Chapter One 
 
                                                     Introduction 

 

 

 

“Pigeon, rat, monkey, which is which? It doesn’t matter . . . Once you have allowed 

for differences in the ways in which they make contact with the environment, and 

in the ways in which they act upon the environment, what remains of their 

behaviour shows astonishingly similar properties.  

(Skinner, 1956) A case history in scientific method, p. 230. 

 

 

 

1.1 Tool Use and Animal Cognition 

A large number of behavioural psychologists once believed that all animal behaviour, no matter 

how complex, could be explained through the combination of a few general learning principles 

and innate predispositions. Since the 1950s – and particularly over the last 40 years – there has 

been a dramatic shift away from this view of animal cognition. Fast forward to the present-day 

and we recognise that many animals use a variety of cognitive abilities to navigate complex social 

worlds, overcome foraging challenges, and address other ecological obstacles. Today, the field of 

animal cognition is characterised by attempts to understand what specific cognitive mechanisms 

underpin the behaviour of wild animals, and the range of cognitive abilities a given species might 

possess (Shettleworth, 2009).  

One of the key events leading to this change in perspective was the startling discovery by Jane 

Goodall, in the 1960s, that chimpanzees used tools in the wild (Goodall, 1964; van Lawick-

Goodall, 1968). These findings revolutionised the contemporary view of humans as distinct from 

other animals and revealed that the natural behaviour of chimpanzees was remarkably complex. 
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Chimpanzees used grass stems to fish for termites, used leaves as drinking devices, and 

performed aimed throwing of sticks and rocks to deter threats. They also appeared to have a 

complex social system, in which males formed coalitions to compete for mating rights and both 

dominance hierarchies and relationships between individuals changed over time (Goodall, 1986). 

Today, field researchers at a number of different sites have amassed a wealth of data on the 

behaviour of wild chimpanzees and continue to reveal new discoveries about their activities 

(Boesch & Boesch, 1990; Hobaiter et al., 2014; McGrew, 1992; Whiten et al., 1999). 

In the years that followed these discoveries it became apparent that tool use, and even tool 

manufacture, was actually relatively widespread in the animal kingdom (Beck, 1980; Shumaker, 

Walkup, & Beck, 2011). Examples of tool use have since emerged for all classes of vertebrates, 

and several invertebrate species, although reports remain most common among mammals and 

birds. However, for the majority of species, tool use consists of the use of one specific tool, for 

one specific purpose, and is subsequently thought to be under strict genetic control. There appear 

to be only a small number of exceptions to this rule. The flexible and varied use of tools by great 

apes and other primates is one clear example (and for a long period of time this was considered 

to be the only exception) and the behaviour of New Caledonian crows is another. Just as Jane 

Goodall’s discoveries revolutionised our understanding of human uniqueness, so the discovery of 

complex, flexible tool manufacture among New Caledonian crows in the 1990s has revolutionised 

our notion of the uniqueness of apes. 

1.1.1 Feathered Apes 

New Caledonian crows manufacture a variety of complex tools for the purposes of extractive 

foraging in the wild. All members of this species are thought to be able to manufacture basic stick 

tools, and some manufacture more complicated tools. This includes hooked stick tools crafted 

from forked twigs (Hunt & Gray, 2004a) and barbed tools manufactured from the leaf-edges of 

screw pines (Pandanus spp.), which can come in a variety of designs (Hunt, 1996). The tools made 

by these birds are so varied that some researchers have suggested that these crows possess a 

material culture (Hunt & Gray, 2003), even suggesting that their tool designs may have diversified 

and incorporated cumulative improvements over time. 

Strikingly, New Caledonian crows belong to a large-brained family of birds – the corvids – for 

which a number of impressive behaviours have been observed. Laboratory studies have indicated 
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that various corvid species appear to possess advanced cognitive abilities, such as causal 

reasoning, the formation of memories of specific past events and taking the perspective of 

another individual (discussed in the following section). By the mid-2000s, sufficient examples of 

flexible cognitive abilities had emerged that Nathan Emery and Nicky Clayton put forward the 

claim that intelligence evolved convergently among corvids, alongside that of the great apes 

(Emery, 2004; Emery & Clayton, 2004). Indeed, they argued that the similarities between the two 

families were so pronounced that corvids could be considered ‘feathered apes’.  

This term, and the process of drawing parallels between cognition among corvids and apes, has 

been useful to spur research into corvid cognition. It has facilitated attempts to understand the 

cognitive mechanisms that underpin corvids’ behaviour on a range of tasks, including a number of 

studies that have directly compared the strategies that corvids and apes use to solve comparable 

cognitive tasks (reviewed in Seed, Emery, & Clayton, 2009a).  

However, to what extent is the label ‘feathered apes’ a good description of the cognitive abilities 

of corvids? Is it the case that these birds possess a suite of advanced cognitive abilities, 

comparable in breadth and complexity to those of the great apes? Or, as an alternative, could the 

corvid family comprise a number of species that each possess a smaller number of specialised 

cognitive adaptations, tied to the evolutionary challenges that they have faced? The answers to 

these questions have significant implications for our understanding of how intelligence evolves. 

Understanding the cognitive abilities of corvids provides us with a window to assess the extent to 

which cognitive abilities can, and have, evolved convergently. To date, the question of whether 

corvids could be considered feathered apes remains contentious (McGrew, 2013; Mendes, Hanus, 

& Call, 2007).  

In this thesis I assess whether the label ‘feathered ape’ is an appropriate description of the 

cognitive abilities of one corvid species: the tool-making New Caledonian crow. Given that a broad 

range of cognitive abilities have been demonstrated across the corvid family as a whole – 

spanning physical cognition, social cognition and reasoning – I investigated whether the cognitive 

abilities of this single corvid species were equally as broad. In the following chapters I report the 

results of five experimental studies investigating causal reasoning, reasoning by exclusion, 

cooperation, self-control, and the cultural transmission of tool designs, among these crows. I 

argue that while there are similarities between New Caledonian crows and apes in terms of their 
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physical cognition and abilities to reason, a large number of differences emerge in other cognitive 

domains.  

To put the work reported in this thesis into context, over the course of this introductory chapter, I 

provide an (inexhaustive) review of some of the cognitive abilities thought to be shared among 

corvids and apes. Starting with a brief description of each family, I discuss the fields of mental 

time travel, physical cognition, reasoning and social cognition. I then go on to consider our current 

understanding of the convergent evolution of intelligence in these lineages, before focussing on 

the specific case of the New Caledonian crows.  I conclude this introduction by outlining the 

direction I will take over the course of the remaining chapters.  

 

1.2 Cognition among Corvids & Apes 

1.2.1 Family traits 

The family Corvidae consists of over 120 species and more than 20 genera. It includes the crows, 

jays, magpies, nutcrackers, treepies and choughs, with the genus Corvus (the ‘true’ crows, 

including jackdaws, ravens and rooks) making up approximately one third of the family. The genus 

Corvus is thought to have arisen around 9-15 million years ago (Jønsson, Fabre, & Irestedt, 2012), 

and the last common ancestor of all corvids is estimated to have lived roughly 20 million years 

ago. 

 All corvids are thought to form long-term socially monogamous pair-bonds, and some species are 

cooperative breeders. However, aside from this common feature, there is considerable variation 

in terms of the social organisation and group sizes found among different corvid species. This 

ranges from territorial pair-living species, such as Eurasian jays, to the far more gregarious pinyon 

jays, and colonial rooks that can form winter roosts of hundreds or even thousands of individuals 

(Clayton & Emery, 2007).  

Corvids tend to be omnivorous generalists and have altricial young. The majority are known to 

cache food for later consumption (Vander Wall & Balda, 1981), with the ancestor of all corvids 

thought to be a moderately caching species (de Kort & Clayton, 2006). Some corvids, such as 

Clark’s nutcrackers, have become highly specialised, caching up to 30,000 seeds over the course 

of a year and exhibiting exceptional spatial memory for these caches (Balda & Kamil, 1992). 
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Others, such as jackdaws, are rarely observed to cache food (Goodwin, 1986). The corvid family is 

characterised by one of the highest rates of feeding innovations among birds (Lefebvre, Reader, & 

Sol, 2004); however, New Caledonian crows are the only corvid species known to manufacture 

and habitually use tools in the wild. 

The nonhuman great apes (family Hominidae) comprise the chimpanzees, bonobos, Bornean and 

Sumatran orangutans, and eastern and western gorillas. The last common ancestor of all great 

apes was thought to have lived around 14 million years ago, and humans, chimpanzees and 

bonobos are thought to have shared a common ancestor approximately 5-7 million years ago 

(Goodman et al., 1998; Hill & Ward, 1988). Levels of sociality vary among the great apes, ranging 

from orangutans that are relatively solitary, to chimpanzees that live in large multi-male and 

multi-female fission-fusion social groups (Marchant & Nishida, 1996). All species are omnivorous 

and have altricial young which exhibit an exceptionally long period of juvenile dependence. All 

great apes are known to use tools, with chimpanzees being the best studied and most prolific tool 

users in the wild (Shumaker et al., 2011).  

The great apes are known to possess a broad range of cognitive abilities spanning multiple 

domains (Seed & Tomasello, 2010; Tomasello & Call, 1997). A selection of these cognitive abilities 

– and their parallels among the corvids – are discussed below. Here, I present experimental 

evidence from the fields of mental time travel, physical cognition, reasoning and social cognition, 

to highlight some of the similarities and differences between the two families.  

1.2.2  Mental time travel 

Whether an animal can re-experience the past or imagine the future has been a topic of great 

debate in animal cognition. Humans possess autobiographical memories of personally 

experienced events, known as episodic memories (Tulving, 1972), which differ from our 

knowledge of facts and other information (semantic memories). We are also capable of imagining 

future events, and planning for them accordingly. Sceptics have argued that, unlike humans, 

animals are ‘stuck-in-time’, able to respond only to their current needs and desires (Suddendorf & 

Corballis, 1997, 2007, 2010). However, there is growing evidence that both the great apes and 

certain corvids may be capable of preparing for certain events in the future, and possessing 

memories of specific events in the past, comparable to human episodic memories.  
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A number of prominent studies have demonstrated that great apes perform behaviours that are 

not currently of use to them, but will provide benefits in the future. When presented with a 

selection of tools in the absence of any apparatus, several apes choose one that will be of future 

use, carrying it with them when they return to a testing chamber several hours later to complete 

a task (Mulcahy & Call, 2006a; Osvath & Osvath, 2008). Similar abilities have been observed 

anecdotally in a captive chimpanzee that stored stones in his enclosure, later using them as 

projectiles to hurl at visitors to the zoo (Osvath, 2009). A separate line of research suggests that 

chimpanzees and orangutans also have long-term memories of events that occurred in the distant 

past, remembering a tool use task that they had attempted only a handful of times 3 years 

previously (Martin-Ordas, Berntsen, & Call, 2013).  

Among corvids, Western scrub-jays have demonstrated an ability to remember what, where and 

when they cached certain foods in the laboratory. After caching two types of food in different 

locations they will retrieve their preferred food after 4 hours, but will swap to recovering their 

less preferred food after 124 hours, if they have learnt that their preferred food would have 

decayed in this time. This type of memory has been referred to as episodic-like memory (Clayton 

& Dickinson, 1998; Clayton et al., 2001). It shares several key features of human episodic 

memories – remembering an event that occurred in a particular place at a particular time – but, 

because we cannot know whether animals also experience a conscious recollection of the event, 

we cannot know if this is truly episodic.  

Western scrub jays also appear be capable of planning for events in the future (Raby et al., 2007). 

In one study, Western scrub jays, kept individually in a small three-cage aviary, learnt that they 

would be housed overnight in one of two cages. In one they received peanuts for breakfast, and in 

the other they received kibble. On the day of the test they received portions of each food type in 

a central room, which they could choose to cache in either of the overnight rooms. The jays 

preferred to cache, in each room, the type of food they did not receive for breakfast. This 

suggests that they cached food in preparation for breakfast the following day (Raby et al., 2007). 

Similar behaviour has also been demonstrated in Eurasian jays (Cheke & Clayton, 2012). While 

perhaps best labelled as ‘future-oriented behaviour’, rather than as human-like future planning 

(as it is unclear exactly what motivated this behaviour), there are clear parallels between this and 

the tool-saving behaviour of the great apes.  
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1.2.3 Physical Cognition 

Both apes and a few species of corvid have performed well on tests of physical cognition and 

causal reasoning (the ability to detect the relationship between a cause and its effect). One of the 

most extensively used tasks to assess causal reasoning has been the trap-tube problem. Initially 

designed to assess whether capuchin monkeys understand the functionality of their tools 

(Visalberghi & Limongelli, 1994), subjects must push or pull a reward through a tube, whilst 

avoiding one or more traps on the tube’s surface. This test can assess whether subjects recognise 

that pushing the reward into the trap causes it to become stuck, or whether they understand 

anything about gravity and support. Minor variations to this task produce different levels of 

success among apes. However, although apes have performed poorly in several versions, they 

appear to demonstrate causal reasoning when they can pull rather than push the reward, when 

they can use their fingers rather than tools, or when they can choose where to insert the tool, 

rather than receiving the tools pre-positioned (Girndt, Meier, & Call, 2008; Limongelli, Boysen, & 

Visalberghi, 1995; Martin-Ordas, Call, & Colmenares, 2008; Mulcahy & Call, 2006b; Povinelli, 

2000; Seed et al., 2009b; Visalberghi, Fragaszy, & Savage-Rumbaugh, 1995). 

The trap-tube has also been passed by two species of corvid: New Caledonian crows and rooks. 

The majority of rooks passed a two-tube version of the task, when adaptations were made to 

make it appropriate for non-habitual tool users (Seed et al., 2006; Tebbich et al., 2007), and three 

out of six New Caledonian crows passed this task using tools (Taylor et al., 2009b). These birds 

then passed a series of transfer tasks designed to rule out whether they depended on perceptual 

rules, by successfully transferring their experience to a causally similar but perceptually distinct 

trap-table problem. 

Physical cognition among corvids has also been assessed on a range of other tasks. The majority 

of work has been conducted with New Caledonian crows (which I discuss in more detail in a 

following section); however, a number of similarly impressive abilities have been demonstrated 

among rooks. Captive rooks have been found to be capable of stick tool use, tool manufacture, 

and the creation of hooked tools to retrieve buckets from inside a tube (Bird & Emery, 2009a). 

Rooks can also use stones as tools, dropping them onto collapsible platforms to obtain rewards 

(Bird & Emery, 2009a), and into water-filled tubes to raise the water level (Bird & Emery, 2009b). 

Similar abilities to use stone tools to displace water have been demonstrated in Eurasian jays 

(Cheke, Bird, & Clayton, 2011) and New Caledonian crows (Taylor et al., 2011a), and in Chapter 2 I 
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address whether this is underpinned by a causal understanding of the properties of water 

displacement. 

Another line of physical cognition research comes from corvids’ performance on string-pulling 

tasks. Several corvid species are known to spontaneously pull up strings to retrieve an attached 

reward (Heinrich, 1995; Heinrich & Bugnyar, 2005). Initially thought to be an example of insightful 

problem solving, this may instead be explained by a perceptual-motor feedback cycle, where birds 

repeat actions which bring the reward incrementally closer (Taylor, Knaebe, & Gray, 2012a; Taylor 

et al., 2010b). This type of paradigm – where subjects choose which of two strings, sticks or cloths 

they should pull to retrieve a reward – has been used to investigate what a number of animals 

understand about contact, connectivity, and support (Jacobs & Osvath, 2015). Great apes appear 

to use causal rather than perceptual cues to solve a number of these tasks (Mayer et al., 2014; 

Mulcahy, Schubiger, & Suddendorf, 2013). However, in a direct comparison of great apes and two 

species of corvid – carrion crows and common ravens – the corvids, unlike the apes, appeared to 

rely only on perceptual or spatial cues to succeed (Albiach-Serrano, Bugnyar, & Call, 2012). 

1.2.4  Inferential reasoning 

Great apes capacity for inferential reasoning has been studied in a number of domains. Apes can 

use the positions of flat or slanted boards to infer which one has food underneath (Call, 2007). 

They can also infer the location of food based on the effects of its weight. After observing a 

banana being placed into one of two cups on a balanced beam, chimpanzees select the lower cup 

when the beam is released and tilts in this direction due to the weight of the banana. Great apes 

are also capable of making transitive inferences (Boysen et al., 1993), and appear to be able to 

reason by exclusion – choosing one option by logically excluding all other alternatives – which has 

been demonstrated in a number of different paradigms (Call, 2004, 2006; Call & Carpenter, 2001; 

Hill, Collier-Baker, & Suddendorf, 2011; Premack & Premack, 1994). 

It is much less clear whether great apes can reason analogically, a capacity thought to be central 

to human cognition (Gentner, 2003), perhaps separating us from all other animals (Penn, Holyoak, 

& Povinelli, 2008). There is tentative evidence that apes can use some elements of relational 

similarity to locate food hidden in the first of two rows of cups, when the hiding place is indicated 

to the ape in the second row only (Haun & Call, 2009; Hribar, Haun, & Call, 2011). However, most 

studies addressing this question have used operant relational-match-to-sample tasks (Flemming 
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et al., 2008; Thompson, Oden, & Boysen, 1997; Vonk, 2003). Here, subjects learn to select images 

based on whether they share same/different relations with a target image (i.e. if the target is a 

circle and a square, the subject should select a triangle and a square, rather than two squares, to 

succeed). Apes perform better on these tasks than monkeys, which led some researchers to dub 

them ‘analogical apes’ (Thompson & Oden, 2000). However, this label was premature. Success on 

these tasks can typically be explained through the use of perceptual rules rather than relational 

ones, because the correct image typically shares more visual features in common with the target 

(Penn et al., 2008). Thus, whether apes can reason analogically is presently unclear.  

In contrast to apes, the reasoning abilities of corvids have been tested in only a small number of 

studies. Pinyon jays, and, to a lesser extent, Western scrub jays, can make transitive inferences 

(Bond, Kamil, & Balda, 2003), and a number of studies have looked at whether corvids can reason 

by exclusion. To date, ravens and Clark’s nutcrackers have been successful on exclusion tasks 

(Schloegl et al., 2009; Tornick & Gibson, 2013), and so have carrion crows when local 

enhancement cues from the demonstrator are controlled for (Mikolasch, Kotrschal, & Schloegl, 

2012). Jackdaws are unsuccessful even with these modifications (Schloegl, 2011), and Eurasian 

jays fail the standard version, but have not been tested whilst controlling for local enhancement 

(Shaw, Plotnik, & Clayton, 2013). However, to date, the performance of all species on these tasks 

is potentially explained by a simpler strategy than inferential reasoning: subjects might recognise 

that a container is empty, and then avoid choosing this container to succeed, without inferring by 

exclusion that the other container must contain food. Because of this, to date, there is only prima 

facie evidence that corvids, or other animals, can reason by exclusion. I address whether New 

Caledonian crows possess this ability, and control for the ‘avoidance’ explanation, in Chapter 3.  

Recently, Smirnova et al. (2015) found some evidence that two hooded crows might be capable of 

analogical reasoning.  Tested in a matching to sample task, the two subjects spontaneously solved 

a relational version, after learning the initial task. However, the critiques applied to primate 

relational matching to sample tasks apply equally here; crows may have followed a simpler 

perceptual rule, such as choosing a card that contained the same number of colours as the target 

card, rather than choosing a card that followed the same relational rule to succeed (Vonk, 2015).  

An alternative strand of research into the reasoning abilities of corvids comes from the finding 

that New Caledonian crows appear to reason about hidden causal agents (Taylor, Miller, & Gray, 

2012b). After observing a large stick probe from a hide, New Caledonian crows are cautious of 
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extracting food from next to the location where the stick probed. However, if the crows observe a 

human enter the hide, and then leave the hide after the stick is probed, they make fewer looks 

towards the hide during extraction. These crows appear to infer that the movement of the stick 

was caused by the concealed human, and are less wary when the human has left the room, 

compared to when the stick moves with no apparent cause.  

At present this evidence is tentative and a number of alternative explanations need to be ruled 

out. For example, it is possible that the birds were distracted when the human left the room, 

which led to their behaviour during food extraction (Boogert et al., 2013). Later studies using two 

humans, as well as inanimate objects, suggest this is unlikely to be the case (Taylor, Jelbert & 

Gray, in preparation). However, at present, the evidence for hidden causal agent reasoning 

among New Caledonian crows is suggestive, but not conclusive proof, of the existence of 

reasoning abilities among these birds.  

1.2.5 Social Cognition 

1.2.5.1 Theory of Mind 

Theory of mind is the ability to recognise that other individuals possess mental states, desires and 

beliefs that can differ from your own. In 1978 Premack and Woodruff spurred research into the 

social cognition of animals when they posed the question ‘Does the chimpanzee have a theory of 

mind?’ (Premack & Woodruff, 1978). Initial studies in a cooperative context with a human 

suggested that chimpanzees did not attribute mental states to other individuals (Povinelli et al., 

1996). However, a different picture emerged when these animals were tested in a competitive 

context. In a series of tasks where subordinate and dominant individuals took turns to retrieve 

food – varying whether or not the dominant individual was present when the subordinate 

observed the hiding of food – it became clear that chimpanzees could take into account what 

their competitor had and had not seen, and distinguish between knowledgeable and ignorant 

competitors (Bräuer, Call, & Tomasello, 2007; Hare et al., 2000).  

In these tasks it is possible that, rather than using elements of human-like theory of mind, the 

conspecific’s line of gaze served as an associative cue that triggered the apes’ behaviour (Penn & 

Povinelli, 2007b). However, more recent studies have demonstrated that chimpanzees display 

similar behaviours in studies without gaze cues. For example, chimpanzees appear to recognise 

that other chimpanzees make inferences (Schmelz, Call, & Tomasello, 2011). To test this, apes 
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learnt to participate in a two-way choice task, where each subject made a choice in private, but 

only the first ape would receive their choice if both subjects selected the same item when it was 

their turn to choose. Apes that witnessed the experimenter place bait under both a slanted board 

(where its location could be inferred by a naïve competitor) and in a hole under a flat board 

(where the food’s location could not be inferred), selected the flat board when they were 

required to choose second, even though they had not observed their competitor’s choice. They 

appeared to recognise that their competitor would infer the presence of food under the slanted 

board and choose this option. Thus, apes maximised their chances of success when choosing 

second, by selecting the option their competitor was unlikely to take. While sceptics  argue that 

apes are capable of only ‘behaviour-reading’, rather than human-like ‘mind-reading’ (Penn & 

Povinelli, 2007b; Shettleworth, 2010), results such as these have led others to argue that 

chimpanzees possess at least some of the precursors to human theory of mind (Schmelz & Call, 

2016; Tomasello, Call, & Hare, 2003; Whiten, 2013).  

Among corvids, cognitive tests have indicated that certain members of this family appear to 

possess abilities to attribute mental states to other individuals, which may be similar to those of 

the great apes. Here, studies of theory of mind have also been conducted in a competitive 

context, making use of the natural conflict that occurs between conspecifics that cache food. 

Individual birds cache food in order to retrieve it at a later date; however, a cache is vulnerable to 

being raided by other individuals – particularly if the potential pilferer has observed the caching 

event and is aware of the location of hidden food. Caching species, at risk of pilfering, would 

therefore benefit from developing cache protection strategies.  

Several studies have revealed that both Western scrub-jays and ravens respond to what 

conspecifics can and cannot see in a caching context, re-caching items in private that were 

previously hidden in the presence of an observer (Bugnyar, 2010; Bugnyar & Heinrich, 2005; Dally, 

Emery, & Clayton, 2006; Emery & Clayton, 2001). Rather than responding just to whether they are 

alone or with company, these birds recall which specific individual was present during the caching 

event and differentiate between knowledgeable and ignorant competitors. Strikingly, among 

Western scrub jays, this behaviour occurs only if the subject has previously experienced pilfering 

other’s caches, suggesting that having gained this experience, these birds project it on to others 

(Emery & Clayton, 2001).  
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While it is also possible that this behaviour is triggered by gaze cues (Heyes, 2015; Penn & 

Povinelli, 2007b; Shettleworth, 2010), there are reasons to believe that this type of explanation 

cannot fully account for the ravens’ and jays’ behaviour. Western scrub jays and Eurasian jays 

have also both been found to conceal auditory information – by avoiding a noisy caching 

substrate – when a conspecific could hear them, but not see them (Shaw & Clayton, 2013, 2014; 

Stulp et al., 2009); similar to behaviour observed among apes (Melis, Call, & Tomasello, 2006a). A 

recent study went further to dismiss the ‘evil-eye’ hypothesis, using ravens which had experience 

of peering through a peephole to see into an adjacent room (Bugnyar, Reber, & Buckner, 2016). In 

test trials the focal raven was allowed to cache in the adjacent room, whilst the sounds of a 

conspecific were played on the other side of the wall. When the peephole was open, ravens 

behaved as though they were being observed, finishing their caches more rapidly when compared 

to when the peephole was closed. Strikingly, this behaviour occurred even though the subject had 

not seen a competitor during the test or in the pre-training, and thus could not have formed an 

association between the peephole being open and the state of being observed by a conspecific.  

An additional line of work, conducted in the context of food-sharing between partners, has 

revealed that Eurasian jays can also make desire-state attributions (Ostojić et al., 2014; Ostojić et 

al., 2013), which could be considered a precursor to mental-state attributions. When offering 

food to a female, male jays appeared to infer what the female’s preference would be, even when 

it differed from their own. At test they took into account that the female had previously been fed 

a large amount of one type of food, and offered her a different food from the one she had been 

eating.  

In combination, these results suggest that some corvids possess an ability to read minds, which is 

at least similar to that of the great apes.  

1.2.5.2 Cooperation 

Another domain in which the great apes have demonstrated advanced levels of social cognition is 

that of cooperating with a conspecific. In the wild, chimpanzees form alliances with other group 

members, and engage in cooperative hunting (Boesch, 1994), and, in the laboratory, chimpanzees 

appear to understand how cooperation works. These apes not only cooperate, but will selectively 

recruit the best partner to assist them in a cooperative string-pulling task (Melis, Hare, & 

Tomasello, 2006b). The emergence of cooperation in the laboratory depends on the level of 
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tolerance between partners, with bonobos typically being more cooperative due to their 

increased social tolerance (Hare et al., 2007; Melis, Hare, & Tomasello, 2006c). Furthermore, 

given the choice, chimpanzees do not prefer to cooperate if they can solve a problem individually 

(Rekers, Haun, & Tomasello, 2011). However, the results of laboratory studies indicate that 

cooperation in these species is flexible and under cognitive control.  

Whether or not corvids understand the role of a partner in cooperative tasks is presently 

ambiguous. Rooks can solve cooperative string-pulling tasks, analogous to those used with apes 

(Seed, Clayton, & Emery, 2008). However, if their partner is delayed, rooks do not inhibit string 

pulling until their partner had arrived. Thus, rooks either have poor inhibitory control, or they do 

not fully understand the role of their partner in this type of task. In Chapter 4 I extend our 

understanding of cooperation among corvids by testing for similar abilities among New 

Caledonian crows.   

1.2.5.3 Social learning 

The final element of social cognition that I will discuss here is social learning. This is a vast field of 

study, which I will touch on only briefly. In the wild, chimpanzees, and other populations of great 

apes are suggested to possess cultures. That is, these species display large numbers of 

behavioural variations, without obvious ecological correlates, which are thought to be socially 

transmitted (Laland & Galef, 2009; van Schaik et al., 2003; Whiten et al., 1999). Because of the 

implications primate cultures have for understanding the origins and evolution of human culture, 

a great deal of research has focussed on the nature of social learning among primates (van Schaik 

& Burkart, 2011; Whiten, 2000).  

Early studies by Tomasello and colleagues suggested that apes were emulators rather than 

imitators. (Nagell, Olguin, & Tomasello, 1993). Chimpanzees that observed another individual 

perform a behaviour might learn something about the goal of the demonstrator, or the cause and 

effect relations of the task, but they would not reproduce a demonstrator’s actions. However, 

there is now substantial evidence that chimpanzees do imitate in a range of situations (Custance, 

Whiten, & Bard, 1995; Whiten, 1998; Whiten et al., 1996). Unlike human children, they do not 

over-imitate when actions appear to be irrelevant (Horner & Whiten, 2005). However, in captivity, 

chimpanzees are capable of sustaining behavioural traditions, and individual apes appear to 
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conform to group norms by changing their behaviour over time (Horner et al., 2006; Whiten, 

Horner, & De Waal, 2005; Whiten et al., 2007).  

Among corvids, several studies have demonstrated that various corvid species learn socially, such 

as remembering the locations of caches made by other birds (Bednekoff & Balda, 1996a, 1996b; 

Bugnyar & Kotrschal, 2002). More social species such as pinyon jays and Mexican jays appear to 

remember this information for longer than the less social Clark’s nutcrackers (Balda, Kamil, & 

Bednekoff, 1996); a pattern also found using simple non-caching tasks (Templeton, Kamil, & 

Balda, 1999). However, unlike apes, to date, no studies have revealed that corvids have the 

capacity for behavioural imitation (although this hasn’t been widely tested). Instead, their 

behaviour appears to be best explained through the use of other social learning mechanisms, 

such as local or stimulus enhancement (Heyes, 1994), in which the subject’s attention is drawn to 

a particular item or location after observing the behaviour of a conspecific (Fritz & Kotrschal, 

1999; Logan et al., 2015). 

 

1.3 The convergent evolution of intelligence 

Having reviewed research into a number of cognitive abilities, for which parallels have been 

drawn between corvids and apes, let us attempt to draw some conclusions about the convergent 

evolution of intelligence among these species. While this review was selective, directed towards 

the topics I will address later in this thesis, it highlighted many of the major similarities that led 

Emery and Clayton to dub corvids ‘feathered apes’ (Emery & Clayton, 2004). These two families 

appear to share cognitive abilities that tap elements of mental time travel and theory of mind. 

Corvids also perform well on a number of physical cognition tasks and tests of inferential 

reasoning (although of course far fewer studies of this type have been conducted among corvids 

in comparison to apes). However, it is less clear where corvids stand in terms of cooperation and 

social learning. It is also unclear whether the emergence of similar abilities in these animals 

reflects the existence of similar cognitive mechanisms, or whether these abilities emerged in 

response to similar evolutionary pressures in both lineages.  

Among primates a number of adaptive pressures have been put forward to explain the evolution 

of advanced cognitive abilities. This includes theories based on the patchy distribution of 

resources (Milton, 1981), the requirements of extractive foraging (Parker & Gibson, 1979), and 
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the use of tools (Byrne, 1997). However, the major force thought to have driven the evolution of 

intelligence among primates, was that of living in a social group (Byrne & Whiten, 1989; Dunbar, 

1998; Humphrey, 1976; Whiten & Byrne, 1997). Dubbed the social intelligence, or social brain 

hypothesis, it has been argued that the need to keep track of relationships between large 

numbers of individuals was the catalyst for the rapid expansion of brain size among humans and 

other great apes. This hypothesis has been supported by repeated demonstrations that group 

size, and other measures of social complexity, are correlated with brain size among primates 

(Byrne & Corp, 2004; Dunbar, 1995; Kudo & Dunbar, 2001).  

The picture among corvids is less clear. Seed and colleagues evaluated whether a range of 

environmental and social pressures that have been implicated in primate brain evolution, could 

be equally applicable to corvids (Seed et al., 2009a). Indeed, some of the challenges from the 

physical environment appear to be comparable among corvids and apes. For example, both 

species are omnivorous foragers. Like the great apes, corvids exploit a range of different food 

sources and engage in extractive foraging. They also face variation in food availability, with the 

majority of corvid species engaging in at least some degree of food-caching, to overcome periods 

of food scarcity. However, there are also key differences. For example, while all the great apes 

utilise tools, only one species of corvid does so, thus, the technical intelligence hypothesis (Byrne, 

1997) is only applicable to the family of apes. 

In terms of social organisation – and the evolutionary pressures this can create – corvids and great 

apes appear to be quite different. Great apes, notably chimpanzees, maintain a network of 

valuable relationships. Among both males and females, social status affects reproductive success 

(Pusey, Williams, & Goodall, 1997), and among males, the formation of stable coalitions is the key 

predictor for the acquisition of a high rank (Goodall, 1986). In contrast, the majority of corvids 

typically maintain an important relationship with only their breeding partner. The relationships 

formed between other birds are unlikely to influence a pairs’ breeding success and, therefore, it is 

likely to be relatively unimportant for these birds to keep track of the relationships of other 

individuals (Seed et al., 2009a). With this in mind, although many corvids do live in large social 

groups, group-living does not appear to present the cognitive challenges that are thought to have 

spurred the evolution of complex cognition among apes.  

There may be exceptions to this rule. For example, the social structure of ravens appears to be 

complex and it is possible that, among these birds, complex social structure is underpinned by 
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advanced social cognition, in a similar manner to the great apes (Bugnyar, 2013; Massen et al., 

2014). However, in keeping with the earlier suggestion, group size and brain size do not appear to 

be related among corvids or other families of birds. Iwaniuk and Arnold (2004) found no 

relationship between brain size and cooperative breeding group size among 155 species from the 

parvorder Corvida, and further studies have found no clear link between brain size and either 

group size (Beauchamp & Fernández-Juricic, 2004) or social structure (Emery, 2004) across several 

bird families.  

As an alternative explanation, Emery and colleagues have suggested that a form of relationship 

intelligence may have been important for the evolution of intelligence among corvids (Emery et 

al., 2007). Using brain size data from many families of birds (Iwaniuk & Nelson, 2003), Emery and 

colleagues found that avian species that had long-term monogamous pair-bonds tended to have 

the largest brains. By examining the relationship quality of some of these species, notably rooks 

and jackdaws, they suggested that some birds face an adaptive pressure to cooperate and 

coordinate their behaviour with a partner to raise altricial young, and that this may be 

underpinned by flexible cognitive abilities. Scheiber et al. (2008) critique many elements of this 

theory – including the assertion that corvids display more complex pair-bond relationships than 

other birds – noting that many ‘primate-like’ features of relationship complexity are also found in 

greylag geese, which have far smaller brains. However, similar links between brain size and pair-

bonds have been demonstrated by Shultz and Dunbar and colleagues across a range of species. 

They found that across many taxa – including birds, bats, carnivores and ungulates, but not 

anthropoid primates – monogamous pair bonds were the best predictors of relative brain size 

(Dunbar & Shultz, 2007; Pérez‐Barbería, Shultz, & Dunbar, 2007; Shultz & Dunbar, 2007).  

To explain the anomalous pattern found among primates, these authors suggest that the 

cognitive demands of pair-bonding may have triggered the initial evolution of large brains across 

the vertebrates. However, uniquely among primates, the cognitive mechanisms typically used 

solely for pair-bonding have been directed towards other relationships. That is, primates may 

form relationships with several individuals that are as complex as the pair-bonds of other animals. 

The demands of both maintaining these relationships, and keeping track of the relationships of 

others, may then have spurred the evolution of their cognitive abilities further than in other 

lineages. Given the differences between the social organisation of primates and corvids, and the 

cognitive challenges this poses, it remains unclear to whether social pressures could explain the 

evolution of corvid cognition, compared to the great apes.  
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1.3.1 Generalists or specialists? 

Whether primate, or even human, intelligence is best conceptualised as comprising of a number 

of domain-specific cognitive mechanisms, or as general faculties applicable to multiple domains, is 

still a matter of debate. A number of researchers argue that human cognition evolved with a 

domain-general form (Barrett, Henzi, & Lusseau, 2012; Barton, 2012; Buchsbaum et al., 2012; 

Frith, 2012; Heyes, 2012a, 2012b; Jablonka, Ginsburg, & Dor, 2012; Sterelny, 2012), and so uses “a 

common set of computations to process information from a broad range of technical and social 

domains” (Heyes, 2012b). Howevr, there is less consensus on whether cognition among apes is 

primarily domain-general or domain-specific (Amici et al. 2012; Fernandes, Woodley & te 

Nijenhuis, 2014; Reader, Hager & Laland, 2011). While this debate continues, irrespective of the 

underlying mechanisms, it is clear that the great apes are capable of solving large numbers of very 

different cognitive tasks. Combined, the apes’ successes on these tasks reflect a wide range of 

different cognitive abilities, applied to a wide range of different situations, including many 

situations that these animals would never encounter in the wild (e.g. cooperative string pulling: 

Melis et al. 2006b).  

In contrast, when we consider the evolution of intelligence among corvids it is important to 

recognise that many of these examples of impressive cognitive abilities come from different 

species. Moreover, many of these abilities have been demonstrated in very specific contexts, such 

as the context of caching. For example, although future-oriented behaviours have been 

demonstrated during caching by Western scrub jays (Raby et al., 2007) and Eurasian jays (Cheke & 

Clayton, 2012), we have yet to demonstrate that these birds can plan for any other types of event 

or in any other contexts. Given the specificity of this behaviour it would be inappropriate to claim 

that other corvids – particularly those that rarely cache – can also plan for the future.  

To date, a far greater amount of research has been conducted to investigate the cognitive abilities 

of the great apes, compared to the cognitive abilities of corvids. Thus, it is possible that further 

research will reveal that the cognition of single corvid species is as flexible and varied as that of a 

chimpanzee. However, an alternative possibility to be addressed is that different corvid species 

might possess specific cognitive adaptations, which evolved in response to the specific 

evolutionary pressures that they have faced. The corvid family may therefore be characterised by 

a number of species that each have particular cognitive strengths, but which are limited to only 
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very specific contexts. We do not yet know whether, or to what extent, these birds possess the 

more flexible, general suite of abilities thought to characterise the great apes.  

If it is the case that intelligence among corvid reflects specific cognitive adaptations, it remains 

likely that the most complex (‘ape-like’) cognitive abilities reviewed in the previous section 

emerged from more widespread pre-existing cognitive traits, present in the last common ancestor 

of corvids. Given the prevalence of impressive cognitive abilities among this group, some 

elements of a cognitive ‘tool-kit’ are likely to be shared across the family. However, are we over-

estimating the cognitive abilities of corvids by cherry-picking the most impressive abilities 

demonstrated by different species from across the corvid family? We can reflect on a number of 

adaptive pressures which could have led to the evolution of specific advanced cognitive abilities 

among some corvids, but not others.  

Caching is one example. Although moderate caching is widespread and ancestral among corvids, 

there is an abundance of evidence that more specialised cachers – that store and retrieve large 

numbers of caches over the course of a year – have evolved enhanced abilities in terms of spatial 

cognition and memory (Balda & Kamil, 1992; Bednekoff et al., 1997), and that this is supported by 

enlargement of the hippocampus (Garamszegi & Eens, 2004; Healy & Krebs, 1992; Krebs et al., 

1989). In terms of advanced social cognition – such as the ability to distinguish between 

knowledgeable and ignorant competitors in a caching context – it is possible that the likelihood of 

encountering other individuals whilst caching may have driven the evolution of this specific 

cognitive ability (Grodzinski & Clayton, 2010). That is, a combination of social factors, within the 

context of caching, may have created the adaptive pressure for some species to evolve cognitive 

cache-protection strategies. 

For New Caledonian crows, their initial instances of tool use may have evolved from pre-existing 

abilities, such as some level of physical intelligence, or from the motor-patterns involved in 

caching (Kenward et al., 2011). However, once established, the regular use of tools may have 

created an adaptive pressure that drove the evolution of sophisticated causal reasoning abilities 

and physical cognition in this species. Thus, in recent evolutionary history, this species may have 

been exposed to quite a different set of adaptive pressures than other corvids. These differences 

may be particularly acute when compared to species that are more social (such as ravens), or 

species that engage in specialised caching (such as Eurasian jays). 
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Thus, to date, while both corvids and apes appear to possess a number of advanced cognitive 

abilities, it remains unclear how similar corvid cognition is to that of the great apes. We do not 

know whether similar adaptive pressures led to the evolution of similar traits among corvids and 

great apes. Nor do we have a good understanding of the breadth and flexibility of the cognitive 

abilities possessed by any individual corvid species.  

In this thesis I aim to address some of these gaps in our understanding by assessing the cognitive 

abilities of New Caledonian crows. Specifically, in order to understand whether corvids possess a 

broad, flexible suite of cognitive abilities, we must develop a clearer picture of the cognitive 

abilities that are and are not possessed by individual corvid species. Thus, I conducted a range of 

studies tapping the cognitive abilities of New Caledonian crows across a broad set of domains. 

Throughout this thesis my aim was to establish what abilities are possessed by these crows, in 

comparison to those of the great apes. Understanding whether similar abilities are also 

underpinned by similar cognitive mechanisms in both lineages is the next step in this line of 

research, but was not the focus here. With this in mind, I will conclude this introductory chapter 

by summarising the current state of our knowledge of the behaviour and cognition of New 

Caledonian crows. I will then go on to outline the programme of research that will be reported in 

the following chapters.   

 

1.4 New Caledonian crows 

1.4.1 Tools, ecology and sociality 

New Caledonian crows (Corvus moneduloides) are endemic to the pacific islands of New 

Caledonia. They inhabit a range of environments across the mainland Grande Terre, and the 

offshore island Maré, where they are believed to have been introduced in the late 1800s. These 

crows live in small family groups, typically comprised of a mated pair, and one or two offspring of 

up to 2 years of age (Holzhaider et al., 2011b). They appear to mix closely outside these groups 

with only 5-6 individuals (Rutz et al., 2012), although larger groups can gather at sites of high 

resources (St Clair et al., 2015). Offspring are altricial and juveniles have a prolonged period of 

dependency on their parents, which may facilitate the learning of tool use and tool manufacture 

among these birds (Hunt, Holzhaider, & Gray, 2012). 
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New Caledonian crows show remarkable flexibility in their use and manufacture of tools for 

extractive foraging in the wild. Basic stick tool manufacture is widespread (Hunt & Gray, 2002), 

and thought to be under genetic control (Kenward et al., 2006; Kenward et al., 2005). However, 

these crows also manufacture a range of more complicated tools, including hooked stick tools 

(Hunt & Gray, 2004a), and barbed pandanus tools of wide, narrow and stepped designs (Hunt, 

1996; Hunt & Gray, 2004b). A proportion of their tool use is thought to be directed towards 

extracting beetle larvae from the decaying wood of fallen candlenut trees, which are a very high-

value food source (Rutz et al., 2010). However, there is considerable variation in both the 

materials from which tools are manufactured, and the uses that these tools are put towards in the 

wild. New Caledonian crows have been observed to manufacture tools from a wide range of other 

materials (St Clair et al., 2016), such as forming hooked tools from barbed, non-native climbing 

plants (Hunt, 2008). They have also been observed to use tools for different purposes, such as 

using dry grass stems to extract lizards from crevices in a fencepost (Troscianko, Bluff, & Rutz, 

2008), or, in the aviary, to explore potentially dangerous situations (Taylor, Hunt, & Gray, 2011b; 

Wimpenny, Weir, & Kacelnik, 2011). 

In the wild, pandanus tool manufacture appears to involve some element of social learning 

(Holzhaider, Hunt, & Gray, 2010a; Hunt, Lambert, & Gray, 2007). New Caledonian crows raised in 

captivity have not been observed to produce pandanus tools with adult-like proficiency (Hunt et 

al., 2007; Kenward et al., 2005), which suggests that juvenile New Caledonian crows may acquire 

their tool designs from their parents. The geographic distribution of the different pandanus tool 

designs raises the possibility these designs have diversified and incorporated cumulative change 

over time (Hunt, 2014; Hunt & Gray, 2003). Specifically, stepped tools are characterised by a wide 

base that tapers to a finer working tip, produced by making a series of rips and cuts into the 

pandanus leaf. Thus, it is possible that stepped designs reflect improvements to simpler un-

stepped wide tools, which made them more effective for probing into small crevices. To date, one 

of the greatest mysteries surrounding tool manufacture by New Caledonian crows is how their 

different tool designs might be passed from one generation to the next, and whether this occurs 

in a way that could support cumulative cultural evolution. In Chapter 6 I address this question, 

experimentally testing a mechanism that could account for the cultural transmission of tool 

designs among New Caledonian crows.   
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1.4.2 Studying cognition in the aviary 

Cognitive experiments conducted in an aviary setting have indicated that New Caledonian crows 

appear to understand many, but not all, of the physical properties of their tools. When offered a 

range of tools with which to complete a foraging task, these crows will select tools of both the 

appropriate length (Chappell & Kacelnik, 2002), and diameter (Chappell & Kacelnik, 2004). Birds 

that manufacture hooked stick tools in the wild appear to attend to the functional properties of 

man-made hook tools, such as whether the hook is oriented in the correct direction (St Clair & 

Rutz, 2013). When presented with man-made pandanus tools, New Caledonian crows attend to 

the presence or absence or barbs on the tools (Knaebe et al., 2015), although not to the 

orientation of these barbs (Holzhaider et al., 2008; Knaebe et al., 2015).  

Most impressively, in 2002, Betty, a captive New Caledonian crow, spontaneously manufactured a 

hooked tool from a straight piece of wire to retrieve a bucket from a tube (Weir, Chappell, & 

Kacelnik, 2002). This occurred on the fourth trial of a study in which Betty and her partner were 

provided with pre-made hooked and straight wires. On this occasion Betty’s partner had flown off 

with the hooked wire without completing the task, leaving only the straight piece of wire. Betty 

spontaneously fashioned this into a hook by wedging and twisting it on the outside of the tube. In 

later tests, Betty was found to bend and unbend aluminium strips according to whether a hook or 

a straight piece of material was required for the task (Weir & Kacelnik, 2006). However, she also 

made a number of errors, such as modifying a tool, but then probing into the apparatus with the 

unmodified end. This suggests that, although she had some understanding, she may not have had 

a full causal understanding of the properties of hooks. I return to this point in Chapter 6.  

Other experiments have indicated that these crows can solve multi-step, meta-tool problems – 

where one tool is used to obtain another (Taylor et al., 2010a; Taylor et al., 2007; Wimpenny et 

al., 2009) – and solve other tool-use problems, such as the trap-tube discussed earlier (Taylor et 

al., 2009b), and the multi-access box (Auersperg et al., 2011). They have also demonstrated 

possible elements of causal understanding in tasks that do not involve stick tool use. von Bayern 

and colleagues found that two out of four New Caledonian crows innovated a novel tool 

behaviour – dropping stones into an apparatus to collapse a platform – after learning with a 

different apparatus that they could depress the platform with their beaks (von Bayern et al., 

2009). They appeared to generalise their experience of depressing the platform in order to 

generate other means to produce the same outcome. However, on one trial a crow dropped a 
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small feather, rather than a stone, into the apparatus, suggesting that the bird may have 

recognised that contact, but not force, was needed to collapse the platform.  

In a comparable task, New Caledonian crows repeatedly nudged objects into an apparatus which 

would cause a reward to roll out. However, here the crows never intervened by deliberately 

picking up an object from the table and inserting it into the apparatus to produce the same 

outcome (Taylor et al., 2014). In an alternative paradigm using stones, these crows have also been 

shown to drop stones into water-filled tubes to raise the water level and obtain floating rewards 

(Taylor et al., 2011a). The extent to which this involves causal reasoning is assessed in Chapter 2.   

In comparison to our understanding of physical cognition among New Caledonian crows, we know 

far less about their cognitive abilities in other domains, such as whether they display inferential 

reasoning or advanced social cognition. As discussed earlier, New Caledonian crows are 

potentially able to reason about hidden causal agents (Taylor et al., 2012b). However, to date, no 

other reasoning abilities have been tested in these crows, and we do not know whether hidden 

causal agent reasoning is rare or widespread.  

Our understanding of their social cognition is even more limited. When provided with mirrors, 

New Caledonian crows can use the mirror to locate hidden food, but they do not demonstrate any 

self-directed behaviours indicative of mirror self-recognition (Medina et al., 2011). In a social 

learning task, these crows demonstrated stimulus enhancement, but not other forms of social 

learning, such as behavioural imitation (Logan et al., 2015).  

Thus, at present we have little idea whether New Caledonian crows possess advanced reasoning 

or social cognitive abilities. Indeed, we have a relatively poor understanding of any of the 

cognitive abilities possessed by New Caledonian crows in areas outside of their natural tool use. 

Because of this we do not yet know whether New Caledonian crows possess a broad range of 

flexible cognitive abilities, comparable in scope to those of the great apes, or, at the other end of 

the spectrum, whether their cognitive abilities are limited to the context of tool use. Thus, in this 

thesis, I attempt to fill some of the gaps in our understanding of New Caledonian crow cognition. I 

conducted a range of studies tapping reasoning, physical and social cognition among these birds. 
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1.5 Reasoning, physical and social cognition in New Caledonian crows 

Over the course of the following chapters I present the results of a series of studies designed to 

increase our understanding of the cognitive abilities of New Caledonian crows. To assess the 

breadth of their cognitive abilities, I presented these birds with cognitive tasks tapping the 

domains of causal reasoning, reasoning by exclusion, cooperation, self-control, and the cultural 

transmission of tool designs. The majority of this thesis consists of published articles (Chapters 2-

5), or articles in preparation (Chapter 6), and published articles are reproduced as they were in 

print, with only minor changes made to the formatting and referencing styles. The contents of 

each chapter are as follows.  

In Chapter 2 I report the results of an investigation into whether the behaviour of New 

Caledonian crows on the Aesop’s Fable task – in which subjects drop stones into tubes to raise the 

water level and obtain floating rewards – is underpinned by causal reasoning. As discussed in the 

previous section, a number of studies have suggested that New Caledonian crows are capable of 

causal reasoning in the context of stick tool use. However, it is unclear whether their physical 

cognition extends to other contexts. Here, I assessed whether these crows were able to recognise 

causal relations involved in water displacement – a situation they were unlikely to have faced in 

the wild.  

In Chapter 3 I investigated whether New Caledonian crows are capable of reasoning by exclusion. 

To date, one study has indicated that New Caledonian crows may reason about hidden causal 

agents, and there is suggestive evidence that other corvid species can reason by exclusion. 

However, firm evidence for this type of reasoning is lacking because previous studies could not 

rule out one crucial alternative explanation for their results. That, instead of reasoning by 

exclusion, subjects could simply avoid empty containers to succeed. Here, I devised a novel 

reasoning by exclusion task which could distinguish between these two possibilities. Using this 

methodology, I assess whether New Caledonian crows possess inferential reasoning abilities 

comparable to those of the great apes.  

In Chapter 4, I examined New Caledonian crows’ social cognition in a cooperative task. Given the 

proficiency with which these crows use physical tools, here, I evaluated whether they would 

perform equally well in a problem-solving task that involved a social component. That is, are these 

tool-using crows able to use a conspecific as a social tool? A series of experiments were 
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conducted which tested, first, whether these birds would collaborate to solve a task that could 

not be solved individually, and then, whether they understood the role of their partner on the 

cooperative task and whether they demonstrated sensitivity to inequity.  

In Chapter 5 I looked at self-control, which has recently been the focus of a large collaborative 

study (MacLean et al., 2014). MacLean and colleagues compared the performance of 36 different 

species on two self-control tasks. However, while primates performed similarly on both tasks, 

non-primates performed particularly badly on one of them, the A-not-B task. It is possible that 

this task selectively disadvantaged non-primates, by tapping additional skills other than self-

control that were possessed by primates, but not other species. In this chapter, I report the 

results of an intervention study designed to assess whether this is the case for New Caledonian 

crows.   

Finally, in Chapter 6, I addressed the question of how New Caledonian crows might pass on their 

tool designs to the next generation. As discussed, these crows may possess a material culture that 

has diversified and incorporated cumulative improvements over time. Among humans, 

cumulative culture is thought to depend on imitation, teaching and language (Tennie, Call, & 

Tomasello, 2009), yet New Caledonian crows do not appear to imitate (Logan et al., 2015), nor do 

they possess teaching or language. In this chapter, I introduce an alternative mechanism – mental 

template matching – which could account for the cultural transmission of tool designs among 

New Caledonian crows. I use a novel paper-ripping paradigm to assess whether these crows can 

manufacture items that match the size of previously rewarded templates, indicating whether the 

capacity for mental template matching is present among New Caledonian crows.  

In Chapter 7, I conclude this thesis. Here, I review whether or not New Caledonian crows should 

be considered to be feathered apes, in light of the experiments reported in Chapters 2-6. I discuss 

the implications of these findings in terms of the field of comparative cognition, and highlight 

some of the most productive avenues for further research. 
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Chapter Two 
 
Using the Aesop’s Fable paradigm to investigate causal 
understanding of water displacement by New Caledonian 
crows1 

 

 

Abstract 

Understanding causal regularities in the world is a key feature of human cognition.  

However, the extent to which non-human animals are capable of causal 

understanding is not well understood. Here, we used the Aesop’s fable paradigm – 

in which subjects drop stones into water to raise the water level and obtain an out 

of reach reward – to assess New Caledonian crows’ causal understanding of water 

displacement. We found that crows preferentially dropped stones into a water-

filled tube instead of a sand-filled tube; they dropped sinking objects rather than 

floating objects; solid objects rather than hollow objects, and they dropped objects 

into a tube with a high water level rather than a low one. However, they failed two 

more challenging tasks which required them to attend to the width of the tube, and 

to counter-intuitive causal cues in a U-shaped apparatus. Our results indicate that 

New Caledonian crows possess a sophisticated, but incomplete, understanding of 

the causal properties of displacement, rivalling that of 5-7 year old children. 

 

  

                                                           
1 Jelbert S.A., Taylor A.H., Cheke, L.G., Clayton, N.S. & Gray R.D. (2014) Using the Aesop’s Fable paradigm to 
investigate causal understanding of water displacement by New Caledonian crows. Plos One 9(3): e92895 
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2.1 Introduction 

As adult humans we are capable of recognising that objects in the world behave in predictable 

ways. For example, we know that two objects cannot occupy the same space, round objects will 

roll down hills, and heavy objects sink in water. Many of these expectations are present very early 

in life (Spelke, 1991; Spelke & Kinzler, 2007), whilst others emerge and evolve over the course of 

development (Smith, Carey, & Wiser, 1985). It is easy to imagine that an ability to attend to causal 

regularities in the world, and to understand the forces underlying them, would have adaptive 

significance for many animal species. Whether animals do attend to causal regularities has been 

studied using various methodologies in different species (for review see Penn and Povinelli 

(2007a)). However, finding comparative tasks to assess how causal information is processed by 

different species can be difficult. Existing tasks are often tied to specific ecologically relevant 

behaviours such as tool use (Horner & Whiten, 2005; Weir & Kacelnik, 2006), involve face-to-face 

interactions with humans (Call, 2004), or are too cognitively challenging to be attempted by more 

than a select few animals (Tecwyn, Thorpe, & Chappell, 2012). 

The most widely used paradigm – the trap-tube task – has been employed to investigate whether 

causal understanding underlies the natural tool-use found in some species of primates (Limongelli 

et al., 1995; Martin-Ordas et al., 2008; Povinelli, 2000; Visalberghi et al., 1995; Visalberghi & 

Limongelli, 1994) and birds (Taylor et al., 2009a; Teschke & Tebbich, 2011). In this task, an animal 

uses a stick to push or pull a food reward out of a perspex tube, avoiding a visible hole in the 

centre of the tube where the food would become trapped. Whilst trap-tube results have been 

interpreted comparatively to indicate differences between the cognitive abilities of great apes 

and monkeys (Visalberghi & Tomasello, 1998), and between humans and other animals (Povinelli, 

2000), as well as similarities between chimpanzees and corvids (Seed et al., 2009b; Seed et al., 

2006), the capacity of this paradigm to test causal understanding is undermined by several 

significant limitations (Taylor & Clayton, 2012). First, even slight changes to the task alter 

performance within a species. Apes, which predominantly failed standard trap-tube experiments 

(Limongelli et al., 1995; Povinelli, 2000; Visalberghi et al., 1995), were much more successful when 

they could pull rather than push food out of the tube (Mulcahy & Call, 2006b), and all subjects 

passed when they were not required to use a tool at all (Seed et al., 2009b). Second, errors made 

by animals on a key transfer task, the inverted trap-tube – where the trap is presented in a non-

functional position on the upper surface of the tube – were also made by adult humans (Silva, 
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Page, & Silva, 2005), suggesting that errors on this task cannot confirm an absence of causal 

understanding. Third, although the trap-tube has now been made accessible for non-tool using 

animals (Tebbich et al., 2007), the initial task is still difficult for most animals to grasp. The 

majority of subjects tested either fail or take a long time to perform successfully (e.g. 2 out of 5 

chimpanzees passed over 140 trials (Limongelli et al., 1995), 3 out of 6 New Caledonian crows 

passed over 150 trials (Taylor et al., 2009a), and 7 out of 8 rooks passed over 150 trials (Seed et 

al., 2006)), thus floor effects preclude its use with less capable species. With this in mind, it is 

difficult to argue that the failures of some animals on aspects of the trap-tube reflect an absence 

of causal understanding in that species.  

The recently-devised Aesop’s fable paradigm may be a more informative paradigm for testing 

causal understanding across a wide range of species. This paradigm was initially used to test 

physical cognition in rooks by Bird & Emery (Bird & Emery, 2009b), and is based on Aesop’s well-

known tale ‘the Crow and the Pitcher’. In this story a thirsty crow drops stones into a half-full 

pitcher of water, raising the water level in the pitcher until it is high enough for the crow to drink. 

In the equivalent experiment subjects are presented with a pile of stones and a tube of water 

containing a floating reward, such as a worm or meat on a cork. Bird & Emery found that rooks 

who had experience of dropping stones (Bird & Emery, 2009a), but not in the context of water, 

would spontaneously drop stones into this water-filled tube to raise the water level and obtain 

the reward. This task bears considerable similarity to the ‘floating peanut’ task, in which apes and 

children will spit or pour water into a container to obtain out-of-reach floating rewards (Hanus et 

al., 2011; Mendes et al., 2007). The strength of both these paradigms lies in their ability to 

examine the reaction of animals to novel problems that are not related to the animal’s habitual or 

customary tool use behaviours (Seed & Byrne, 2010).     

In subsequent experiments Bird and Emery found that rooks would preferentially drop large 

stones rather than small stones, would drop stones into water rather than into a tube containing 

sawdust, and tended to match the number of stones they dropped to the level of the water, only 

reaching into the tube once the worm was within their grasp. Whilst it shouldn’t be assumed that 

the rooks planned their actions in advance (Taylor & Gray, 2009), this does indicate that the 

rooks’ stone-dropping behaviour was goal-directed, with the intention of obtaining the worm, and 

that they either understood or had quickly learnt several causal features of the task; i.e. that 

objects must be dropped into a liquid, and that large objects are more functional than small 

objects. This paradigm can therefore be used as a test of causal cognition, investigating whether 
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animals can understand or learn about various causal regularities which underlie the 

displacement of water. 

Replications using the Aesop’s fable paradigm with other species – New Caledonian crows, 

Eurasian jays and human children – have confirmed that subjects are more able to use causal 

information than arbitrary information to obtain the reward in these tasks (Cheke et al., 2011; 

Cheke, Loissel, & Clayton, 2012; Taylor et al., 2011a). New Caledonian crows (Taylor et al., 2011a) 

quickly discriminated between large and small stones, heavy and light objects, and water-filled 

and sand-filled tubes in the causal stone dropping paradigm. However, they then failed a series of 

associative learning controls in which the previously-rewarded stimuli (large objects and water-

filled tubes) now indicated the location of food in an arbitrary searching paradigm. Similarly, 

Cheke and colleagues (Cheke et al., 2011) found that at least one Eurasian jay performed above 

chance on all of their causal water-displacement conditions. However, the jays were not as 

successful when given similarly rewarded conditions which followed arbitrary rules. No birds 

preferentially dropped stones into a red woodchip tube instead of a blue woodchip tube (or vice 

versa) when one of these tubes was rewarded, suggesting that instrumental conditioning alone 

cannot explain the pattern of results. Furthermore, the birds were less successful when the 

reward was moved incrementally towards the bird after each stone drop in a non-causal L-shaped 

apparatus. Thus, like New Caledonian crows, Eurasian jays used causal cues, in combination with 

instrumental learning, to solve the water-displacement tasks.  

In a further experiment of the study by Cheke and colleagues (Cheke et al., 2011), jays, and 

subsequently children (Cheke et al., 2012), were presented with an apparatus that made use of 

counter-intuitive causal cues. Referred to as the ‘U-Tube’ apparatus, it consisted of a narrow 

central tube containing a floating reward, with wider, coloured, tubes positioned on either side. 

One of the wider tubes had a concealed connection to the central tube underneath the table, but 

the other did not. Therefore, only stones that were dropped into the wide outer tube with a 

concealed connection to the central tube would raise the water level in the rewarded central 

tube; adding stones to the other wide tube that was not connected to the central tube would not 

raise the water level. The causal relation in this task was counter-intuitive: putting a stone into 

one body of water would raise the water level in another body of water. Thus, if subjects’ actions 

were guided largely by a basic understanding of causality (which could not account for a hidden 

causal mechanism) their performance should be selectively impaired on this task (see Cheke et al. 

(2011)). On the other hand, if subjects relied on an associative rule or simply made quick reactions 
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to perceptual feedback – repeating certain actions that bring the food closer within reach (Taylor 

& Gray, 2009; Taylor et al., 2012a) – they would be able to succeed. Alternatively, subjects could 

also pass by using a robust understanding of displacement to posit the existence of a hidden 

causal mechanism, that one of the outer tubes is connected to the central tube, underneath the 

table, allowing the displaced water to move between both tubes. If subjects succeeded on this 

task, the strategy they used to succeed could be identified by verbal response (for children), or in 

follow-up studies, by revealing the hidden connection, or changing the colours of the outer tubes.  

The majority of eight-year-old children, and some younger individuals, solved this task. While 

some older children inferred the presence of the hidden connection, most succeeded by 

identifying which outer tube was the ‘correct’ tube to drop stones into. Thus, the primary method 

children used to solve the task was an associative rule. At all ages, the children’s success rate on 

the U-tube task was similar to the other tasks, which followed intuitive causal rules. In contrast, 

Eurasian jays selectively failed the U-tube, suggesting that they struggled to learn a rule that 

contradicted their understanding of how the world should work. Thus, the difficult U-tube task 

can be used to investigate different types of reasoning about displacement.  

In the current study we used the Aesop’s fable paradigm to examine causal understanding in New 

Caledonian crows, producing a series of tasks to tap the extent to which animals can understand 

or learn about the causal features of displacement. New Caledonian crows are a strong candidate 

for understanding this type of causal information. These birds have exceptional tool 

manufacturing abilities, routinely making and using tools in the wild (Hunt, 1996; Hunt & Gray, 

2004a; Hunt & Gray, 2004b) as well as in captivity (Weir et al., 2002; Weir & Kacelnik, 2006). They 

attend to functional properties of their tools, such as length and diameter (Chappell & Kacelnik, 

2002, 2004), and demonstrate causal understanding in both tool-using (Taylor et al., 2009a; Taylor 

et al., 2010a; Taylor et al., 2007) and non-tool using contexts (Taylor et al., 2012b). Previous work 

using the Aesop’s fable paradigm has hinted that New Caledonian crows may understand the 

causal features of displacement (Taylor et al., 2011a), but further tests are required to probe the 

extent of their understanding.  

In a progressive series of tests we replicated past experimental conditions and then investigated 

whether these birds would choose solid instead of hollow objects, narrow rather than wide tubes, 

high rather than low water levels, and whether they would succeed or fail with the causally 

confusing U-tube task (Cheke et al., 2011; Cheke et al., 2012). If the birds fully understood the 
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causal relations involved in displacement they should recognise that solid objects displace more 

water than hollow objects, and preferentially drop solid objects into the tubes. They also should 

recognise the effect that changes in magnitude have on displacement and understand that 

objects dropped into a narrow tube will raise the water level by a greater amount than objects 

dropped into a wide tube. They should be sensitive to the starting water levels of different tubes; 

whilst a narrow tube would typically be preferable, a wide tube would become the more efficient 

option if the starting water level in this tube was substantially higher than the narrow tube.  

Finally, a basic understanding of displacement might impair the crows’ performance on the 

causally confusing U-tube apparatus (as seems to be the case for Eurasian jays), but rapid 

associative learning, or an ability to infer a hidden connection between the outer tube and 

rewarded central tube, would enable birds to succeed.  

Searching for the signature hallmarks of cognitive mechanisms, in terms of both when and why 

animals fail aspects of a task, in addition to when they succeed, can provide a much richer 

understanding of cognition than examining successes alone (Seed et al., 2012). Thus, each 

experiment in our series of tasks was designed to assess New Caledonian crows’ causal 

understanding of displacement from a slightly different perspective. In doing this, we could 

inspect the pattern of successes and failures across all of the experiments, to gain an 

understanding of how these birds solve displacement tasks. To ensure the birds’ experience could 

be comparable with previous experiments a standardised order of tasks was used for all birds. Six 

tasks were given in all: (1) water-filled tubes vs. sand-filled tubes, (2) sinking objects vs. floating 

objects, (3) solid objects vs. hollow objects, (4) narrow tubes vs. wide tubes, (5) high water level 

vs. low water level in the narrow and wide tubes, and (6) the counter-intuitive U-tube task.   

 

2.2 Method 

2.2.1 Ethics Statement 

This study was conducted under approval from the University of Auckland ethics committee 

(reference no. R602). 



Chapter 2 

 

45 

 

2.2.2 Subjects 

Subjects were six wild New Caledonian crows, caught and temporarily housed in a six-cage aviary 

on Grande-Terre, New Caledonia. Three of the birds (R, W & Y) were adults and three were sub-

adults (O, RB & WG). Based on sexual size dimorphism (Kenward et al., 2004) two of the birds (R & 

Y) were male. Two birds (WG & R) did not complete all the experiments due to lack of motivation; 

thus, six birds took part in Experiments 1 & 2, five birds took part in Experiments 3 & 4, and four 

birds took part in Experiments 5 & 6. Birds were released at their site of capture at the end of this 

experiment.  

2.2.3 Initial Training 

New Caledonian crows drop candlenuts on to hard surfaces to break them (Hunt, Sakuma, & 

Shibata, 2002) [44]. However, they are not known for dropping stones on to objects in the wild, 

nor are they known to drop stones into water. Therefore, before the experiment proper began, 

the crows were trained to drop stones into a tube to collapse a platform using a replica of Bird & 

Emery’s apparatus (Bird & Emery, 2009a). For diagram see Appendix 2: Figure 8.1.  

Birds initially used a stick and inserted it into the tube to collapse the platform. They were then 

trained to nudge stones down the tube, until they would pick up stones from the table to drop 

into the apparatus. Once birds had successfully dropped stones down the tube 10 times, a second 

apparatus was provided with a weighted platform which would collapse when multiple stones 

were dropped onto it (Figure 8.1). Birds were given experience with this apparatus until they 

obtained the reward using 2-4 stones on 10 consecutive trials.  

2.2.4 General Procedure 

Following training birds took part in 6 experiments in which they dropped objects into water-filled 

tubes, raising the water level to obtain a floating out of reach reward. In all cases the reward was 

a cube of meat attached to a cork.  

First, we established how far each bird could reach into a water-filled tube with their beak, by 

presenting floating food rewards at different water levels. Then, birds were habituated to the task 

components. Birds were given a minimum of ten habituation trials to tubes (taking scraps of meat 

from the top and base of each tube), and three to objects (taking meat from under and on top of 
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each object). Once habituated, birds were given 20 experimental trials on each of the six tasks, 

typically in two blocks of 10 trials. Tubes were pseudo-randomly presented on each side, no more 

than twice on one side, and the birds’ choices of objects or tubes were recorded. Choices were 

defined as picking up an object from the table and dropping it into a tube. In some conditions it 

was possible for the bird to take inserted objects out of the tube, and place them back on the 

table, in which case the number of choices could be larger than the total number of objects. In 

experiments involving two spatially separated tubes (Exps. 1, 4 & 5) birds were given up to 30 

seconds at the beginning of a trial to inspect both tubes before the stones or objects were placed 

on the table. Trials ended when the bird obtained the meat, used all of the objects, or twice left 

the table without interacting with the apparatus. Choices were analysed in terms of the group-

level preferences and for each bird individually using binomial tests, with Bonferroni corrections 

to account for multiple tests. Birds were tested in visual isolation in a separate cage within the 

aviary. All trials were recorded on video. For diagrams of each experimental apparatus see Figure 

2.1. For individual performance data see Appendix 2: Figure 8.2.   

2.2.5 Specific Procedure and Materials 

2.2.5.1 Experiment 1: Water- vs. Sand-filled tubes.  

Two clear Perspex tubes (170mm high, inner diameter: 40mm, outer diameter: 50mm), mounted 

onto 300 x 300mm Perspex bases, were placed on the table, one half-filled with water and one 

half-filled with sand. The water and sand levels were set at 12mm below each bird’s reachable 

height. Eight stones of similar size, each weighing approximately 15g, were arranged in between 

the two tubes. Each stone would displace 3-4mm of water in the water-filled tube, but have no 

functional effect in the sand-filled tube.  

2.2.5.2 Experiment 2: Sinking vs. Floating objects.  

A single water-filled tube (as used in Exp. 1) was placed on the table. Five heavy and five light 

objects of the same size and colour were arranged, in an alternating pattern, in front of the tube. 

Heavy objects were made from rubber (commercially available erasers), weighed 18g and would 

sink to displace 6mm of water in the tube. Non-functional light objects were made from 

polystyrene, weighed <1g, and would float on the surface of the water.  
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Figure 2.1: Diagrams of the apparatus used in each of the 6 experiments. In each experiment birds 
dropped objects into tubes to obtain an out of reach food reward. Each experiment involved either a choice 
of two tubes or a choice of two objects. The apparatus was presented on a table in the centre of a large 
testing cage, as pictured. A: Experiment 1, Sand-filled tubes v Water-filled tubes, B: Experiment 2, Sinking v 
Floating objects, C: Experiment 3, Solid v Hollow objects, D: Experiment 4, Narrow v Wide tubes, E: 
Experiment 5, High v Low water levels in Narrow and Wide tubes, F: Experiment 6, U-tube, a concealed 
connection links one of the outer tubes with the rewarded central tube.  

 

2.2.5.3 Experiment 3: Solid vs. Hollow objects.  

A single water-filled tube was placed on the table with four solid and four hollow objects 

(arranged as in Exp. 2). Solid objects were made from of a cube of fimo modelling clay, with an 

empty metal cap attached to the base. Hollow objects were shaped from bended wire, attached 
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to a metal cap containing a bolt and fimo clay to balance the weight. Thus both objects were 

similarly coloured, and were the same size and weight (15g), however solid objects would displace 

7mm of water in the tube, whilst hollow objects would displace only 2mm.  

2.2.5.4 Experiment 4: Narrow vs. Wide water-filled tubes.  

Two differently-sized square tubes (both 170mm high; attached to 300x300mm Perspex bases) 

were placed on the table. The top surface of the narrow tube had an area of 36mm² (inner area: 

24mm²), and the wide tube had an area of 56mm² (inner area: 44mm²). The volume of each tube 

was equally larger or smaller than the circular tube used in experiments 1-3. Both tubes were 

lidded, with a circular hole in the centre of the lid (D: 24mm) through which objects could be 

dropped. Twelve objects – thin rubber blocks, 40 x 10 x 10 mm, weighing 9g each – were arranged 

in between the two tubes. These blocks would displace 8mm of water in the narrow tube, but 

only 2mm of water in the wide tube. The narrow and wide tubes had slightly different reachable 

heights as the reward could float further to the side and out of reach in the wide tube (a 

difference in reachable height of 0-5mm depending on reward position). To avoid giving subjects 

exposure to this, an additional bird, not otherwise involved in the experiment, was used to 

establish the appropriate water level. The equivalent level for each bird was estimated based on 

their reachable heights in the circular tube. The water level for both tubes was set at 12mm below 

the reachable distance for the narrow tube. 

2.2.5.5 Experiment 5: High vs. Low water-level in Wide & Narrow water-filled tubes.  

The materials were identical to those used in Exp. 4, except that the water levels in the two tubes 

were not equal. In the wide tube the water level was set at 6mm below the reachable distance for 

the wide tube for each bird (i.e. ~120mm); in the narrow tube it was set consistently at 50mm. 

With 50mm of water it was impossible to raise the water enough to bring the food within reach, 

so the wide tube was the only functional choice.  

2.2.5.6 Experiment 6: U-Tube. 

The U-tube apparatus was closely modelled on Cheke and colleagues apparatus used with 

Eurasian jays and children [29,30]. It consisted of three tubes, positioned 25mm apart in the 

centre of a 400 x 300mm opaque Perspex base. The three tubes extended 170mm above, and 

70mm below the base. The two outer tubes (OD 40mm, ID 30mm) were un-baited tubes into 
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which stones could be dropped. The middle tube (OD 20mm, ID 14mm) was baited, but was too 

narrow for stones to be dropped into. One of the outer tubes was connected to the middle tube 

underneath the base, such that stones dropped into this tube would raise the water level in both 

this tube and the middle tube, bringing the reward within reach.  The other tube was 

unconnected, so stones dropped into this tube would have no effect on the water level in the 

middle tube.  As the mechanism was concealed, to discriminate between the connected and 

unconnected outer tubes one was marked with a blue rim and a blue square around the tube 

base, the other with a red rim and a red triangle. For three birds the red triangle marked the 

connected tube, and for one bird it marked the unconnected tube. Following habituation, the 

reachable height for the middle tube was established for each bird, and the water level for all 

three tubes was set at 12mm below this level. Eight stones of a similar size, weighing 12g, were 

presented, with 4 stones to the side of each tube.  

 

2.3 Results 

Four of the six birds took part in all of the experiments. Two birds (WG & R) did not complete all 

experiments due to diminished motivation. These birds stopped after Experiment 4 and 

Experiment 2, respectively. Thus, six birds took part in Experiments 1 & 2, five birds took part in 

Experiments 3 & 4, and four birds took part in Experiments 5 & 6. See ESM Movie S3 for an 

example trial from each experiment.  

2.3.1 Results from each experiment 

2.3.1.1 Experiment 1: Water- vs. Sand-filled tubes.  

All birds dropped significantly more stones into the water-filled tube (76.3% of stone drops), than 

the sand-filled tube, across 20 trials (binomial test, p = 0.001, Figure 2.2).  Individually five out of 

six birds’ performance reached significance within 15 trials (binomial test, p value < 0.001), the 

remaining bird (R) approached significance at 20 trials (binomial test, p = 0.01, ns with a 

Bonferroni adjusted alpha level of 0.007).  
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Figure 2.2: Average performance in all six experiments. Mean proportion of choices made to the correct 
option, over 20 trials, in each experiment. (1: Sand v Water, 2: Sinking v Floating, 3: Solid v Hollow, 4: 
Narrow v Wide, 5: High v Low water levels, 6: U-tube.) Error bars are ± 2 SE. * = significantly different from 
chance (binomial tests, p < 0.001).  

 

2.3.1.2 Experiment 2: Sinking vs. Floating objects.  

All birds dropped sinking objects (88.0% of choices) into the water-filled tube more often than 

floating objects across 20 trials (binomial test, p < 0.001). One bird (R) picked up and discarded 

the floating object 16 times, but never dropped a floating object into the tube. Across the 

experiment, birds discarded the floating objects 65% of the times they picked one of them up, and 

discarded the sinking object on 0.02% of pickups, which was significantly different (paired t-test, 

t(5) = 6.21, p = 0.002). Individually, all birds demonstrated a significant preference for the sinking 

object; four birds did so within 10 trials and two birds (O & WG) did so within 20 trials (binomial 

test, p < 0.001). 

2.3.1.3 Experiment 3: Solid vs. Hollow objects.  

All birds dropped solid objects (89.0% of choices) into the tube more often than hollow objects, 

across 20 trials (binomial test, p < 0.001). Four of the five birds reached significant individual 

performance in eleven trials or less (binomial test, p < 0.001), the remaining bird (W) reached 
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significance by the 20th trial (binomial test, p = 0.005, significant with a Bonferroni adjusted alpha 

level of 0.008). No bird selected a hollow object on their first trial, and two of the five birds (RB & 

Y) never dropped a hollow object into the tube. There was no difference in the proportion of solid 

and hollow objects discarded (hollow: 28% of pickups, solid: 0.04% of pickups, paired t-test, t(4) = 

1.75, p = 0.15). 

2.3.1.4 Experiment 4: Narrow vs. Wide water-filled tubes.  

Birds did not drop more objects into the more efficient narrow tube (39.3% of object drops) than 

the wide tube, in fact in total they dropped significantly more objects into the wide tube (binomial 

test, p < 0.001). However, the birds were able to obtain the reward from both tubes, and they 

frequently dropped objects only into the first tube they selected, rather than switching between 

the two tubes. On average birds retrieved the reward from the wide tube after 7 object drops, 

and from the narrow tube after only 2 drops. Thus, birds probably dropped more objects into the 

wide tube simply because, if they chose this tube first, more objects were required to obtain the 

reward. Importantly, on their first object drop per trial, across 20 trials, birds showed no 

preference for either the narrow or wide tube (narrow tube chosen first on 56% of trials, binomial 

test, p = 0.27), and individually no bird dropped significantly more objects into either tube. Birds 

showed no sign of developing a preference for the narrow tube over 20 trials (see Figure 2.3).  

2.3.1.5 Experiment 5: High vs. Low water-level in Wide & Narrow water-filled tubes.  

Across 20 trials all birds dropped more objects into the wide tube with high water level (86.8% of 

choices) than the narrow tube with a non-functional low water level (binomial test, p < 0.001). All 

birds dropped 3 or more objects into the narrow tube on their first trial, but then learnt to avoid 

this tube (indicated in Figure 2.3), with each bird reaching significance individually between trials 

6-11 (binomial test, p < 0.001).  

2.3.1.6 Experiment 6: U-Tube.  

All birds performed at chance levels, dropping on average 48.9% of stones into the connected 

tube over 20 trials (binomial test, p = 0.79). They showed no signs of learning which tube would 

bring the reward within reach over the course of the experiment, performing worse in later trials 

due to increasing tendencies to side bias and repeatedly drop items into one tube rather than 

switching between both tubes (Figure 2.3). An inspection of each bird’s individual stone drops 
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(ESM Data S2) did not reveal any patterns suggesting that birds responded to perceptual-motor 

feedback (i.e. repeat actions which bring the food closer, switch if the action does not).   

 

 

 

Figure 2.3: Changes in mean performance over the course of each experiment. Each panel gives the mean 
percent correct choices over trials 1-5, trials 6-10, 11-15 and 16-20, in each experiment, to indicate changes 
in performance over the course of 20 trials. (A: Sand v Water, B: Sinking v Floating, C: Solid v Hollow, D: 
Narrow v Wide, E: High v Low water level, F: U-tube.) Error bars are ± 2 SE.   

 

 

2.4 Discussion 

Taken together, the results presented here show that the New Caledonian crows we tested were 

successful on some, but not all, of the displacement experiments. In line with previous work 

(Taylor et al., 2011a), they preferentially dropped stones into water-filled tubes rather than sand-

filled tubes, and they dropped sinking objects more often than floating objects. This performance 

is comparable to 5- to 7-year old children, who learned to pass similar versions of these tasks over 

the course of 5 trials (Cheke et al., 2012). New Caledonian crows also attended to the water level 

of the tubes, dropping more objects into a tube with a high rather than low starting water level. 
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Intriguingly, in the current study the crows also demonstrated strong preferences to drop solid 

objects rather than hollow objects into the water-filled tubes. This is the first time an 

understanding of solidity has been studied in this paradigm, and the fact that New Caledonian 

crows are successful on this task supports the claim that they have a causal understanding of 

displacement. In all experiments in which they were successful, the birds demonstrated rapid 

learning.   

Before they took part in the water-based experiments, all birds were trained to drop stones into a 

Perspex apparatus with a collapsible platform. Their ability to drop stones and other objects into 

the water-filled tubes in the experimental conditions is therefore not a result of insightful 

problem solving (unlike von Bayern et al. (2009), for example). However, during training birds 

were provided with natural stones only, they did not have previous experience dropping light and 

heavy objects, or solid and hollow objects into the apparatus, and they did not have experience 

dropping stones into sand or water before the experiment began. The birds’ specific preferences 

for the correct tubes and correct objects in these four experiments are therefore difficult to 

explain as the result of an associative rule learnt during training.  

To be comparable with previous experiments (Cheke et al., 2011; Cheke et al., 2012; Taylor et al., 

2011a) all birds received the tasks in a fixed order. Thus, it is possible that experience with objects 

and water on the earlier tasks facilitated the bird’s performance on later tasks. Presenting the 

experiments in a different order could rule this out; however, given that a different physical 

property was relevant in each experiment (i.e. different substrates, weights, solidities, or volumes 

of water), prior experience is unlikely to fully account for success on the four different tasks.  

In contrast to their success on four of the tasks, New Caledonian crows did not differentiate 

between narrow and wide tubes, nor did they succeed on the causally confusing U-tube task. As 

only a small number of birds took part in this study, we cannot assume this reflects a species-wide 

failure. It is notable, however, that all of the New Caledonian crows tested failed these two tasks, 

whereas all of the crows reached significance, or approached significance (one bird on one 

experiment) in the remaining four tasks, indicating that the U-tube and the narrow vs. wide tubes 

tasks are considerably harder for New Caledonian crows to pass.  

In the narrow and wide tubes experiment, New Caledonian crows showed no preference for the 

narrow tube on their first object drop per trial, and overall dropped more objects into the wide 
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tube, rather than the narrow tube, to obtain the reward. Individually, no bird had a preference for 

either tube. It is possible that this lack of success was because they could not distinguish visually 

between the two tubes. However, this seems unlikely as the wide tube was more than double the 

size of the narrow tube, and New Caledonian crows have excellent vision (Troscianko et al., 2012). 

Alternatively, since the birds could eventually retrieve the reward from either tube, the difference 

was only one of effort, and this may have provided insufficient motivation to prefer the narrow 

tube. This also seems unlikely in the light of previous work showing that the New Caledonian 

crows preferred to drop efficient large stones rather than small stones into tubes (Taylor et al., 

2011a) and the observation that some of the crows began to lose motivation towards the end of 

this task. If these birds understood the quickest way to access the food, it is likely that they would 

have applied this strategy on every trial.  

It is intriguing then, that birds passed the solid and hollow objects condition but failed the narrow 

and wide tubes, given that the amount of water displaced was equivalent in both. This result 

could have stemmed from differences in the size, proximity or quantity of the objects and tubes, 

or it could reflect the difficulty of recognising that the volume of a tube can be a relevant causal 

property, compared to the potentially more salient properties of solidity or weight. It could also 

reveal a more general principle: it may be easier for this tool-using species to recognise the 

functional properties of various tools than to recognise the functional properties of the substrates 

their tools interact with. In support of this, although birds passed the sand- vs. water-filled tubes 

condition, they made more errors on this task than on either of the object discrimination tasks. 

Confirming reasons for the birds’ failure requires further research, but our results do suggest a 

limit on New Caledonian crows’ understanding of displacement, at least in this sample. These 

birds potentially possess a heuristic that ‘objects dropped into water make the water-level rise’, 

and can discriminate amongst the different causal properties of these objects; however, the 

relationship between tube width and magnitude of water displacement does not seem to be 

something these crows are aware of, or something that they can quickly learn.  

The final experiment tested whether New Caledonian crows would pass or fail the causally 

confusing U-tube task. Success on this task could be achieved in two distinct ways: (1) at a low 

level, by relying on perceptual-motor feedback to repeat actions which bring the reward 

incrementally closer (Taylor & Gray, 2009; Taylor et al., 2012a), or by associating one of the 

coloured outer tubes with reward, or (2) at a high level, by inferring a hidden connection between 

two of the tubes, which would allow water to pass between them. Children passed this task 
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reliably from 8 years of age, and individually 4- to 10-year-old children reported using both of 

these strategies, but only the low level rule was statistically related to success (Cheke et al., 2012). 

However, Eurasian jays failed this task (Cheke et al., 2011) despite passing other causally-

consistent tasks, suggesting that a basic understanding of causality – of how things should work – 

prevented them from using any other information to succeed.  The results from the current U-

tube experiment suggest that New Caledonian crows are comparable to Eurasian jays, but differ 

from human children. New Caledonian crows performed at chance, showing no signs that they 

could learn the identity of the correct tube over 20 trials. Thus, they were clearly unable to use a 

full understanding of displacement to infer the existence of a hidden connection, nor could they 

solve the task using only perceptual feedback or associative rules. This suggests the possibility 

that, like Eurasian jays, the New Caledonian crows possess a level of causal understanding which 

hindered their performance on this task with counter-intuitive causal cues. 

It is perhaps surprising that birds could not use perceptual-motor feedback alone to solve the U-

tube. New Caledonian crows are known to depend on perceptual-motor feedback to 

spontaneously solve string pulling tasks  (Taylor et al., 2012a; Taylor et al., 2010b), based on 

findings that the performance of both experienced and naïve birds is significantly impaired when 

visual access to the string is restricted. However, in an alternative string-pulling paradigm 

(Heinrich & Bugnyar, 2005) inexperienced ravens could not solve a counter-intuitive task (where 

the string had to be pulled down, to move the reward up), despite the solution involving a 

comparable action pattern to a standard string pulling task. Thus, the findings from the current 

set of experiments are consistent with previous work indicating that corvids struggle to use 

perceptual-motor feedback to solve problems which do not follow intuitive causal rules, and 

support our suggestion that New Caledonian crows used causal cues to pass those tasks on which 

they were successful.  

There are, however, two explanations for these similar results. The first possibility, which we are 

not able to rule out here, is that birds are less able to use perceptual-motor feedback when they 

need to focus their attention on more than one location. For example, in the study by Heinrich 

and Bugnyar (2005), the string which must be pulled is located above the perch, and the reward 

hangs below. In the U-tube, the tube into which stones can be dropped is separate from the tube 

which contains the reward. A difficulty attending to all the relevant features of the tasks could 

explain the poor performance of corvids on the U-tube and the counter-intuitive string pulling 

problems. This could also explain the difference in performance of children and corvids on the U-
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tube. The U-tube is comparatively much larger for the birds than for the children, and they must 

use their beaks to manipulate the objects. Whereas children could view all the components of the 

U-tube simultaneously from a distance, the birds could not; therefore, attending to perceptual-

motor feedback in this task could have been specifically more difficult for the birds. Alternatively, 

corvids may require both intuitive causal information and perceptual-motor feedback to pass a 

task, and fail when one of these requirements is not met, supported by the series of stone 

dropping experiments conducted with Eurasian jays (Cheke et al., 2011). Given that the New 

Caledonian crows failed the U-tube in the current study, we should determine whether birds still 

fail a version of this task when all the relevant task components are clearly presented within the 

birds’ line of sight. This would provide stronger evidence that it is the counter-intuitive causal 

information, and not the perceptual layout of the task, which impairs the birds’ performance.  

There are other factors which could have influenced the crows’ performance on the U-tube 

(Mulcahy & Call, 2009). Here, the identity of the connected tube was indicated by an arbitrary 

cue: red or blue markers. Although attending to this cue was unnecessary if birds could rely solely 

on perceptual-motor feedback, for all other successful strategies subjects had to associate 

movement or causal cues with the arbitrary colour of the tubes, which might have been easier for 

the children. Furthermore, the tubes in the U-tube apparatus were not as spatially separated as in 

other experiments (7cm apart, as opposed to 30cm apart in Exps. 1, 4 & 5), which may have made 

it harder for birds to inhibit unsuccessful actions towards them (see Mulcahy and Call (2009)), or 

to distinguish between the tubes. The children’s superior performance could also reflect a 

fundamental difference in the cognitive abilities of corvids and humans. Many successful children 

inferred a hidden connection between the two tubes, yet it has been claimed that non-human 

animals are incapable of making inferences about unobservable causes (Penn et al., 2008). Thus, 

although New Caledonian crows are able to reason about hidden causal agents (Taylor et al., 

2012b), reasoning about hidden causal mechanisms may be cognitively beyond corvids’ grasp. 

Although, alternatively, the ability to infer the hidden connection could predominantly stem from 

children’s prior experience with hidden causes, or with containers of water, which is likely to 

greatly exceed the crows’.  

We do not yet know if New Caledonian crows could pass the U-tube with modifications to address 

the limitations above. In particular, would their performance improve if we presented birds with 

spatially separated tubes, brought the locations of the stone drops and the reward closer 

together, or modified the use of arbitrary cues? Equally, we do not know if they could pass this 
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task if the hidden mechanism was explicitly revealed; i.e. do New Caledonian crows understand, 

in principle, that dropping stones into a connected tube could bring a floating reward within 

reach? Such experiments could help to pinpoint exactly why birds failed the U-tube, and indicate 

whether the birds follow a heuristic such as ‘objects raise the water level’ – suggested by their 

performance on the narrow vs. wide task – or whether they can recognise some of the causal 

properties underlying the displacement of water in differently shaped tubes.  

Overall, the results of our six experiments suggest that New Caledonian crows do possess a causal 

understanding of displacement, but this understanding has limits. The New Caledonian crows we 

tested here could not respond appropriately to functional differences in the volume of tubes, nor 

could they infer the presence of a hidden connection in the U-tube apparatus. Their ability to 

select appropriate objects to drop into tubes, however, was very robust. They reliably 

discriminated between sinking and floating objects, and between solid and hollow objects, 

selecting the correct option almost 90% of the time on these tasks. They also preferred to drop 

objects into water rather than sand, and into tubes with high rather than low water levels. 

Furthermore, their inability to pass the U-tube suggests that these crows may possess a level of 

causal understanding which prevented them from learning rules involving counter-intuitive causal 

cues, although this should be confirmed by further research. The ability to detect and respond to 

relevant causal properties demonstrated here, is striking, in spite of its limits, and rivals that of 5-

7 year old children (Cheke et al., 2012).  

The Aesop’s Fable paradigm has so far been applied successfully to understand cognition in rooks, 

Eurasian jays, four-ten year old children and New Caledonian crows (Bird & Emery, 2009b; Cheke 

et al., 2011; Cheke et al., 2012; Taylor et al., 2011a). However, to date, although chimpanzees and 

orangutans have used water as a tool to raise water level (Hanus et al., 2011; Mendes et al., 

2007), their understanding of displacement in this similar task has not been tested. This method 

of studying cognition has strong potential for comparative work as it does not centre on a 

behaviour that only some species perform in the wild. Nor does it require human involvement or 

demonstration. Any animal capable of picking up stones could potentially participate, and – once 

trained to drop stones – few trials are required to assess performance. Given that it is unlikely 

that any animals drop stones to raise water levels in the wild, this paradigm can assess to what 

extent different species demonstrate an understanding of displacement, without the task having 

more ecological relevance for some species than others. To date both Eurasian jays and New 

Caledonian crows have failed the U-tube, suggesting that there is a cognitive limit on the level of 
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causal information processing possible by these species. Whether this limit is common to corvids, 

common to birds, or indeed perhaps common to all non-human animals, is yet to be discovered. 

The Aesop’s Fable paradigm can help us answer this, and so help establish how the ability to 

process causal information has evolved across the animal kingdom.  
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Chapter Three 
 
Reasoning by exclusion in New Caledonian crows cannot be 
explained by avoidance of empty containers1 

 

Abstract 

Whether animals can reason or merely learn associatively is a long-standing 

debate. Researchers have approached this question by investigating whether dogs, 

birds and primates can reason by exclusion (choosing by logically excluding all 

other alternatives). However, these studies have not resolved whether animals are 

capable of inferring which option is rewarded or are merely avoiding options 

known to be incorrect. Here, we used a forced-choice tubes task, where strategies 

of ‘reasoning by exclusion’ and ‘avoidance of empty containers’ predicted different 

responses. Two tubes (one straight, one bent) were presented in five types of 

orientation, varying whether the rewarded location could be inferred. We 

compared predictions from both strategies to the observed performance of eight 

wild-caught New Caledonian crows. Two of the eight birds’ choices were entirely 

consistent with reasoning by exclusion only. A further four birds followed a mixed 

strategy, where both reasoning and avoidance could have influenced their 

decisions. Thus, although avoidance plays a role, it cannot fully explain the crows’ 

choices. Confirming how animals naturally solve problems is increasingly important 

in animal cognition; we demonstrate that New Caledonian crows can inferentially 

reason without explicit training, but, like humans, most do not rely solely on 

reasoning to make decisions.   

  

                                                           
1 Jelbert S.A., Taylor A.H. & Gray R.D. (2015) Reasoning by exclusion in New Caledonian crows cannot be 
explained by avoidance of empty containers. Journal of Comparative Psychology 129(3): p. 283-290. 
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3.1 Introduction 

Since the times of the ancient Greeks we have wondered whether animals possess the ability to 

reason (Griffin, 2013; Penn & Povinelli, 2007a; Sorabji, 1995; Suddendorf, 2013). Over the last 20 

years researchers have attempted to answer this question by investigating whether animals 

inferentially reason by exclusion: making a choice by logically excluding all other alternatives (Call, 

2004; Kaminski, Call, & Fischer, 2004; Mikolasch, Kotrschal, & Schloegl, 2011; Mikolasch et al., 

2012; Pepperberg et al., 2013; Premack & Premack, 1994). Despite the historic interest in this 

question, and many years of research effort, to date only prima facie evidence for reasoning by 

exclusion exists, as the cognitive mechanism underlying success on exclusion tasks is often 

unclear. In existing studies subjects could succeed by excluding the unrewarded options and 

inferring the correct option, or (more parsimoniously) by simply avoiding the unrewarded options 

(Paukner, Huntsberry, & Suomi, 2009). 

In the most common exclusion paradigm – an object choice task known as the ‘cups’ task – one of 

two cups is rewarded.  The experimenter shows subjects the contents of either both cups, the 

baited cup only, or the empty cup only, and subjects are considered to have ‘reasoned by 

exclusion’ if they select the baited cup, having only viewed the contents of the empty cup (Call, 

2004). However, success could also be achieved if subjects simply avoid choosing empty cups 

(Paukner et al., 2009). Some great apes and parrots have shown impressive levels of success in an 

auditory version of this task where cups are shaken rather shown, producing noise when baited, 

but silence when empty (Call, 2004; Hill et al., 2011; Schloegl et al., 2012), yet again success could 

be accounted for by avoidance, as subjects might infer that a silent shaken cup cannot contain 

food, but then avoid choosing this cup. Call (Call, 2004) attempted to test whether apes were 

merely avoiding the empty silent shaken cup, by contrasting it in one forced-choice condition with 

a silent rotated cup, finding that, in fact, subjects had a moderate preference for the silent shaken 

cup. But, here, neither cup contained a reward – both were manipulated and both were silent – 

thus this control was only able to test whether subjects were specifically avoiding the silent 

shaken cup. Subjects could still have chosen by avoiding any cup which could not contain a 

reward. 

The difficulty separating out explanations based on reasoning and avoidance also applies to two-

food tasks (Mikolasch et al., 2011; Premack & Premack, 1994), in which different food items are 
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placed into each of two containers. Before being allowed to make a choice, subjects witness the 

experimenter eating one food item (e.g. a banana). The subject must then infer, first, that the 

banana is no longer in its container, and second, that the other food item must still be available to 

choose. Whilst this is more complex than the standard cups task, it again suffers the same 

limitation. Subjects could make the first inference that the banana is no longer in its container, 

but then avoid this container to succeed. 

To date, the best evidence that animals can reason by exclusion – ruling out the explanation of 

avoidance – comes from a computer-based task where dogs discriminated between pairs of 

positive and negative stimuli presented on a screen (Aust et al., 2008). In critical trials, dogs 

spontaneously chose a novel stimulus (S’) over a negative stimulus (S-). They then continued to 

prefer S’ when presented with another novel stimulus (S”). This behaviour suggests that the dogs 

inferred S’ was positive, rather than choosing by simply avoiding S-. However, as this task involved 

extensive training it is still unclear whether reasoning by exclusion best accounts for dogs’, or any 

animals’, behaviour under more natural conditions. 

In addition to the problem of avoidance, the standard cups task is limited by its dependence on 

human involvement and memory demands. While the visual cups task has been passed by great 

apes, capuchins, baboons, ravens and Clark’s nutcrackers (Hill et al., 2011; Sabbatini & 

Visalberghi, 2008; Schloegl et al., 2009; Schmitt & Fischer, 2009; Tornick & Gibson, 2013), other 

species have performed poorly for reasons unrelated to reasoning. Dogs, carrion crows and goats 

all failed due to local enhancement, choosing the manipulated cup regardless of whether it was 

baited or empty (but succeeded when large outer cups were lifted to balance these cues) 

(Erdőhegyi et al., 2007; Mikolasch et al., 2012; Nawroth et al., 2014),  and gibbons failed to 

complete the task due to attentional problems (Hill et al., 2011). Eurasian jays also failed the 

standard task, but could not be tested in a version controlling for enhancement (Shaw et al., 

2013). Given that the cups task is unable to determine whether subjects actually reason – and 

that this design is unsuitable for several species – we require new approaches to shed light on 

animal reasoning. 

One alternative – the ‘tubes’ task – involves presenting a subject with two or more straight or 

bent tubes. The subject is freely allowed to search the ends of the tubes, and is said to 

demonstrate reasoning by exclusion when, having inspected one or more of the tubes and found 

it empty, they choose the remaining tube without inspecting it first. Chimpanzees and orangutans 
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made exclusion choices on 27% of trials where this was possible (Call & Carpenter, 2001), ravens  

on 19%, jackdaws on 8% and keas on 4% (Schloegl, 2011; Schloegl et al., 2009). However, as there 

are no penalties to the subject for exhaustive searching and subjects made exclusion choices on 

only a few trials, it is unclear whether subjects occasionally guess without searching, or 

deliberately reason on some trials.  

In the current study we modified the ‘tubes’ task, to overcome limitations of both the ‘cups’ and 

the ‘tubes’ tasks, and investigate exclusion in New Caledonian crows. New Caledonian crows are 

an exceptional species of bird, known to make tools in the wild (Hunt, 1996; Hunt & Gray, 2004a) 

as well as in captivity (Weir et al., 2002). Growing evidence suggests they may be capable of 

reasoning both about physical properties (Jelbert et al., 2014; Taylor et al., 2011a; Taylor et al., 

2009b) and about hidden causal agents (Taylor et al., 2012b), but see (Boogert et al., 2013; 

Dymond, Haselgrove, & McGregor, 2013; Taylor, Miller, & Gray, 2013a, 2013b). However, the 

extent of their inferential reasoning abilities is unknown. 

We presented New Caledonian crows with two tubes – one bent and one straight – in pre-

determined positions, similarly to Schloegl et al. (Schloegl et al., 2009). Critically, we used a forced 

choice, rather than free search, design, where crows could view both tubes from a distance and 

then approach one to find food. The tubes and the reward were presented in different 

orientations on each trial to provide different information to the subject – comparable to the 

‘show both’, ‘show baited’ or ‘show empty’ trials of the ‘cups’ task (Call, 2004), but without 

movement, memory demands or human involvement. Importantly, unlike previous studies, here 

we were able to directly compare the strategies of ‘reasoning by exclusion’ and ‘avoiding empty 

containers’, to the performance of our subjects, as the two strategies made different predictions 

about choices on key trials. In particular, if the bent tube was presented so that the subject could 

view into one end, and see that there was no visible reward, subjects following an avoidance 

strategy would be expected to avoid this tube, as it appears to be empty. However, subjects that 

could reason by exclusion, should, on occasion, choose this apparently empty bent tube if they 

can exclude all other reward locations and infer that the side of the tube (the contents of which 

are not visible) must contain the reward.  

By comparing the crows’ observed performance to predictions made by the strategies of 

‘reasoning’ and ‘avoidance’ we determined whether subjects were most likely to be avoiding 

tubes which appeared to be empty or approaching tubes which could contain a reward – 
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consistent with inferential reasoning by exclusion. In doing so, we also addressed additional 

explanations for subjects’ performances, including whether they (a) followed win-stay, lose-shift 

strategies, (b) possessed a general preference for one of the tubes, (c) followed a conditional rule, 

or (d) could have succeeded by avoiding only specific sections of the tubes. 

 

3.2 Method 

3.2.1 Subjects 

Subjects were eight wild New Caledonian crows (Corvus moneduloides), caught and temporarily 

housed in an eleven-cage outdoor aviary on Grande-Terre, New Caledonia. Cages varied in size, 

but all were at least 2x3x3 m. Based on mouth colouring, four birds were adults (G, B, W, OO) and 

four were sub-adults (BO, WO, WLB, WR). Based on sexual size dimorphism (Kenward et al., 2004)  

four birds were female (G, W, WO, WR). Birds were caught using Whoosh nets at various sites on 

Grande Terre, and transported for 1 to 3 hours to the aviary, in custom-made wooden boxes. 

They were fed a diet of dog biscuits, eggs, papaya and meat, and had access to water ad libitum. 

Birds had been in the aviary for 4 to 6 weeks before this study began, and all birds were released 

at their site of capture after 3 months. This study was conducted under approval from the 

University of Auckland ethics committee (reference no. R602).  

3.2.2 Preliminary Tasks  

Before the experiment proper began birds first received two preliminary tasks using small training 

tubes (2cm sections of plastic tube with wooden bases and backs, Figure 3.1), to gain experience 

that one piece of food was presented and that they were permitted to make only one choice. 

First, both training tubes were presented open-end-forward. The contents of both tubes (empty 

and baited) were clearly visible to the birds. Birds received one block of ten trials, and all birds 

chose the baited tube on every trial. In the second stage, one tube was presented end-forward, 

and one side-forward. Either the end-forward tube (visible trials), or the side-forward tube 

(hidden trials) was rewarded. Birds moved on when they chose correctly on 9/10 hidden trials. 

Four birds achieved this on their first 10 hidden trials (WO, WR, B, G), three on their second (BO, 

W, WLB), and one on his third (OO).   
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Figure 3.1: Training tubes. These could be presented either side-forward (left) or end-forward (right). The 
tube orientations, rewarded tube and rewarded side were all pseudo-randomised, with the provision that 
none were repeated more than twice consecutively. 

 

3.2.3 Materials and Familiarisation 

The experimental tubes were lengths of plastic tube (7.5cm long, 3cm diameter), spray-painted 

white, mounted onto wooden boards (27cm²); the bent tube comprised two pieces, connected 

with a right-angled bend. Birds were familiarised to both tubes, by placing a single tube on the 

table with one location baited, either the front of the straight tube, the front of the bent tube or 

the side of the bent tube. The front of the straight tube was baited twice as often as the front or 

side of the bent tube, so that overall both tubes were equally rewarded. Each tube was presented 

open-end-forward, then side-forward; on the left, and then on the right side of the table, three 

times per bird. Birds did not witness baiting at any stage during the experiment; therefore this 

familiarisation ensured that birds were aware of the three locations where food could be hidden, 

before the experiment proper began. 

3.2.4 General Procedure  

On each trial the experimenter entered the room and placed both tubes on the table – starting 

from the left – on either side of a 30cm high divider (Figure 3.2). Tubes were baited outside of the 

experimental cage and carried into the room horizontally, facing away from the bird, to ensure 

the contents could not be seen in advance. Perches were set up to guide the birds’ approach to 

the table, and the experimenter baited the centre of the perch to make birds start from this point. 

Wooden panels prevented birds approaching the table from the side or the back. Birds could not 

gain further information about a hidden reward without stepping on to the table, and the side 

they stepped onto was considered their choice. When birds moved away from their chosen tube, 

the experimenter re-entered the cage, collected both tubes and exited the room. If a bird did not 
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come down to the perch once baited, the block was paused and resumed approximately 1 hour 

later. If a bird took the bait from the perch but did not choose a tube, the experimenter removed 

the tubes, and the trial was either repeated immediately, or the block was resumed after a delay 

(one bird only: G).  

 

3.2.5 Orientations of the Experimental Tubes 

The experimental tubes were presented in 20 different orientations (Figure 3.3); ten with the 

straight tube on the left and ten on the right, grouped into five types of trial:   

 

Visible The baited tube is presented open-end-forwards; the food is visible 

to the bird. 

Inference Type 1 The empty straight tube is presented end-forward and can be 

excluded; the food must be in the bent tube. 

Inference Type 2 The empty straight tube and the bent tube are both presented end-

forward. These locations can both be excluded; the food must be in 

the side of the bent tube. 

Incomplete Information The bent tube is presented end-forward. The front of the bent tube 

can be excluded; however, the food could be located in the straight 

tube or the side of the bent tube. 

No Information Neither tube is presented end-forward; there is no information on 

which to base a choice. 

 

Birds received 120 trials, including 6 trials of each orientation, in blocks of 10 trials at a time 

(seven birds) or 5 at a time (one bird, WR, who was more motivated with short blocks). In total, 

each bird received 48 visible trials, 24 Incomplete Information, 24 No Information, 12 Inference 

type 1, and 12 Inference type 2 trials. Trial order was pseudo-randomised with the provision that 

the side of the reward, the type of tube rewarded, and type of trial were not repeated more than 
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twice consecutively, and each orientation was presented once every 20 trials. Individual birds 

were considered to have passed the two inference conditions if they reached a criterion of 10/12 

correct choices (binomial test: p = .04). It was not possible to obtain the reward more often than 

chance on Incomplete Information and No Information trials unless birds could gain information 

from unintended cues.  

 

 

Figure 3.2: Diagram of the experimental set-up. The tubes are presented in an Inference 2 orientation. Side 
panels represent the location of the cage walls. When the experimenter left the room, birds would land on 
the baited perch and could inspect both tubes before making a choice. 

 

3.2.6 Expected Performance 

We compared the birds’ observed performance to the performance predicted by the strategies of 

‘reasoning by exclusion’ and ‘avoidance of empty tubes’. Importantly, when the straight tube was 

presented empty end-forward it could be excluded; however, when the bent tube was presented 

empty end-forward it could not be excluded – the reward could be present in the side of the tube. 

Thus, subjects capable of reasoning by exclusion should, where relevant, search in the side of the 
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bent tube, even when the front is visibly empty. In contrast, subjects avoiding unrewarded 

locations should avoid the bent tube when the front section is visibly empty, irrespective of 

whether the side could contain food.  

Inference 1 trials, therefore, tested whether New Caledonian crows could make exclusion choices, 

using any strategy, and Inference 2 trials tested whether birds made exclusion choices when this 

could only be achieved through reasoning. Importantly, Incomplete Information trials tested 

whether birds tended to make choices by avoidance, when the correct choice could not be 

inferred. The following specific predictions were made: 

3.2.6.1 Reasoning by Exclusion 

If birds could reason by exclusion (and if this was the only strategy they followed) they would 

choose correctly on Visible, Inference 1 and Inference 2 trials. They would choose at random on 

Incomplete Information and No Information trials, where it was not possible to infer the location 

of the reward, selecting the bent and the straight tubes equally often.  

3.2.6.2 Avoidance of Empty Tubes  

If birds were avoiding empty tubes they would choose correctly on Visible and Inference 1 trials, 

but perform at chance on Inference 2 trials, where both the straight tube and the front section of 

the bent tube are visibly empty and should be avoided. Here, birds should choose both tubes 

equally often or avoid making a choice at all. On Incomplete Information trials birds should avoid 

the visibly empty front section of the bent tube, choosing the straight tube on 100% of trials. They 

would obtain the reward on 50% of trials, when, by chance, the reward was in the straight tube. 

On No Information trials they should choose at random, selecting the straight and bent tubes 

equally often. 

3.2.6.3 Preference for Bent Tubes  

Birds could also pass the Inference conditions if they had a preference to choose the bent tube 

instead of the straight tube on all non-visible trials. This was a possibility as the reward schedule 

of the experiment favoured the bent tube overall (the bent tube was rewarded in 6 out of 10 

trials); therefore we also considered this strategy. Birds exclusively choosing the bent tube would 
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obtain the reward on 100% of Inference 1 & 2 trials, and 50% of Incomplete Inference and No 

Information trials.   

 

 

 

Figure 3.3: Diagram of each orientation presented to the birds, viewed from above. Arrows indicate tubes 
the bird could see into from the perch; filled squares represent the reward. The five different trial types are 
shown (a-e). All orientations were also presented as mirror images, with the straight tube on the right. 

 

3.2.7 Analysis 

We determined whether group performance was consistent with reasoning by exclusion or an 

alternative strategy using one-sample t-tests to compare the observed choices in each condition 

to chance. We then considered the performance of each bird individually, classifying each bird’s 

performance according to the strategy it was most similar to: ‘reasoning by exclusion’, ‘avoidance 

of empty tubes’, ‘preference for bent tubes’, or a mixed strategy. Birds classified as following 

‘reasoning by exclusion’ or ‘mixed’ strategies were included in further analyses to rule out 

alternative explanations for their performance, namely (a) that they followed a win-stay, lose-

shift strategy, or (b) that they possessed a general preference for the bent tube, as well as 

questioning whether they could have followed a conditional rule. Finally, we analysed whether 

these results could be explained by avoiding the empty front end of the bent tube.  
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Analyses were run in SPSS v.21, and all tests were two-tailed. Data was checked for normality 

before running parametric tests. Exact p-values are reported for binomial tests, and approximate 

p-values for all other tests.  All trials were recorded on video, and all choices were unambiguous. 

A second observer coded 10% of the videos, finding 100% agreement with the data.  

 

3.3 Results & Discussion 

We presented eight New Caledonian crows with straight and bent tubes in different orientations, 

and allowed birds to choose one tube to obtain a hidden or visible reward (see electronic 

supplementary material for data and movie). On food-visible trials, crows were successful on all 

but one trial (mean ± s.e.: 99.8% ± 0.26). Thus, they were highly motivated to obtain the reward. 

On Incomplete or No Information trials, crows performed at chance (50.0% ± 3.94 and 50.5% ± 

2.78, respectively on Incomplete and No Information trials). This indicates that they could not 

locate the reward through any unintended cues, such as odour. Importantly, when the reward 

was not visible, but one of the tubes could be excluded, New Caledonian crows chose the correct 

tube significantly more than chance; choosing correctly on both Inference 1 (89.6% ± 3.05, one 

sample t-test: t(7) = 12.98, p < .001), and Inference 2 trials (74.0% ± 3.32, t(7) = 7.22, p < .001). 

Seven out of eight birds reached criterion (10/12) on Inference 1 trials, and three out of eight on 

Inference 2 trials. 

Performance on Inference 1 trials indicates that New Caledonian crows are highly capable of 

making exclusion choices (i.e. they chose the bent tube over the empty straight tube). All eight 

birds chose correctly on their first trial and two birds never made a mistake in this condition. 

Therefore, we examined performance on the remaining trials to evaluate the strategies 

underlying exclusion choices by these crows.  

Reasoning by exclusion predicted that birds would pass both inference conditions, but choose the 

straight and bent tubes equally often when they could not infer the correct tube. The avoidance 

strategy predicted birds would pass the Inference 1 trials, but choose at random, or avoid 

choosing at all, on the Inference 2 trials (as both options involved visibly empty sections of tube) 

and, importantly, prefer the straight tube on Incomplete Information trials (by avoiding the visibly 

empty front of the bent tube).  
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As a group, the birds’ performance was most consistent with reasoning by exclusion (Figure 3.4). 

Birds chose correctly on both Inference conditions, and chose the bent and the straight tube 

equally often on Incomplete Information trials. They did not fail to choose on Inference 2 trials, 

which was one prediction from the avoidance strategy: in total birds failed to choose on only 10 

trials (one Inference 1, three Inference 2, three Incomplete Information, and three No Information 

trials). However, group-level performance did not entirely match reasoning by exclusion as birds 

were more successful on Inference 1 than Inference 2 trials (paired samples t-test: t(7) = 4.26, p < 

.01), which was not predicted by a strategy of reasoning by exclusion alone. Because birds could 

have been following different strategies, we then examined each bird’s individual choices.  

 

 

 

 Figure 3.4: A comparison of the mean percent of choices made to the bent tube in the non-visible 
conditions. The first two columns indicate the expected performance of two competing strategies, (a) 
Reasoning by Exclusion and (b) Avoiding Empty Tubes. The third column shows the actual choices made by 
the birds. 100% = total preference for the bent tube, 0% = total preference for the straight tube, 50% = no 
preference for either tube. Error bars ± S.E. ** = significantly different from chance, one-sample t-test, p < 
.01; *** p < .001.  
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We classified birds’ performance according to the strategy it was most similar to, finding that two 

birds (WO & G) behaved exactly as predicted by the strategy of reasoning by exclusion (Table 3.1). 

The majority of birds, however, showed a pattern of responses consistent with a limited ability to 

reason by exclusion, but which was influenced by other factors (BO, B, W & WR). One bird (BO) 

significantly preferred the straight tube on Incomplete Information trials, which suggests he may 

have avoided the ‘empty’ bent tube. But he also reached criterion on Inference 2 trials, suggesting 

he could make exclusion choices when this couldn’t be achieved through avoidance. Thus, BO 

showed characteristics of both reasoning and avoiding. Three birds (B, W, WR) did not reach 

criterion on Inference 2 trials, although they did chose the bent tube more than the straight tube 

on these trials. They also did not significantly prefer the straight tube on Incomplete Information 

trials, but did choose the straight tube slightly more than the bent tube. BO, B, W & WR were 

therefore classified as following mixed strategies; they may have chosen correctly on some trials 

through inferential reasoning, but their failures suggest that avoidance of empty tubes (or 

additional factors) played a role in their decision making. 

The remaining two birds followed different strategies from the rest of the group. One showed a 

strong preference to choose the bent tube on all non-visible trials (WLB); the other did not reach 

criterion in either Inference 1 or Inference 2 trials, and chose both tubes equally on Incomplete 

Information trials, but preferred the bent tube on No Information trials (OO). As this bird’s 

performance did not fit with any of our strategies – and as he failed to reach criterion on even the 

first Inference condition – we classified this bird as choosing at random. These two birds were 

excluded from later analyses. In support of our classifications, we found no evidence that the 

crows were following strategies contingent on their previous successes, such as a win-stay lose-

shift strategy, which could have led to moderate success. On non-visible trials birds were no more 

likely to ‘stay’ than ‘shift’ after correctly choosing the bent or straight tube, (win-stay = 51% of 

observations, paired t-test: t(5) = 0.43 p = .68), nor to ‘shift’ than ‘stay’ after incorrect choices 

(lose-shift = 55%, t(5) = 1.14, p = .31).  

These results cannot be explained by a general preference for the bent tube. A one-way repeated 

measures ANOVA among the six birds classified as ‘reasoning’ or ‘mixed’ revealed a significant 

effect of trial type (Inference 1, Inference 2, Incomplete Information & No Information) on 

proportion of choices of the bent tube (F (3,15) = 30.21, p < .001). Post-hoc analyses with a Sidak 

correction revealed that birds chose the bent tube significantly more on both Inference 1 and 
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Inference 2 trials than on either of the other trial types (all p < .05), but revealed no difference 

between the two Inference conditions (p = .17), nor between the Incomplete and No Information 

conditions (p = .44). Furthermore, a comparison of choices on the first and second half of the 

experiment indicates that choices of the bent tube increased over the course of the experiment 

on No Information trials (t(5) = 2.74, p = .04, Figure 3.5), but not on Inference 1 and 2 trials (nor 

on Incomplete Information trials: t(5) = 1.87, p = .12). Thus, while performance on Inference trials 

was consistent across the experiment, birds appeared to learn to prefer the bent tube on trials 

when no other information was given, because the reward schedule of the experiment favoured 

this tube (rewarded in 6/10 trials).  

 

 
1a. Observed percent choices of the bent tube by each bird 

Subject Sex Age Inference 1 Inference 2 
Incomplete 
Info No Info Strategy Followed 

G F A 83* 83* 54 42 Reasoning 

WO F J 83* 83* 33 71 Reasoning 

BO M J 100*** 83* 21** 63 Mixed 

B M A 100*** 75 38 58 Mixed 

W F A 92** 75 29 63 Mixed 

WR F J 92** 67 38 33 Mixed 

WLB M J 92** 67 79** 79** Chose Bent tube 

OO M A 75 58 54 83** Chose Randomly 

Mean - - 90 74 43 61 - 

 
1b. Expected percent choices of the bent tube for each strategy 

Strategy Inference 1 Inference 2 
Incomplete 
Info No Info - 

Reasoning by Exclusion 100 100 50 50 - 

Avoiding Empty Tubes 100 50 0 50 - 

Preference for Bent Tube 100 100 100 100 - 

 

Table 3.1. Percent of choices to the bent tube made by each bird (1a.). Strategy predictions are presented 
for comparison (1b.). A = adult, J = juvenile. Birds received 12 (Inference 1 & 2) or 24 trials (Incomplete & 
No Info) per condition. Entries in bold indicate that criterion was met (10/12 correct). Birds’ performances 
were compared to each strategy, and classified by similarity. Reasoning = reasoning by exclusion. Mixed = 
similar to both reasoning and avoidance. Chose randomly = does not fit any defined strategy. * = 
significantly different from chance; binomial test, p <0.05, ** = p < 0.01, *** = p < 0.001. 
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The lack of a learning effect on Inference trials fails to support a hypothesis that the birds learnt a 

conditional rule over the course of the experiment that mimicked the predictions of the reasoning 

strategy (such as ‘if the straight tube is visibly empty choose the bent tube, but on all other trials 

choose randomly’). Such learning would be characterised by birds performing at chance early on 

in the experiment and then increasing their performance as they gained more experience. 

However, there was no indication that birds learnt to choose the bent tube on inference trials, 

nor that they learnt to choose randomly on the other trials. Furthermore, the finding that birds 

began to choose the bent tube more on No Information trials, but not Inference trials, is exactly 

the opposite of what an account based on a learnt conditional rule would predict.  

 

 

 

 

 

 

Figure 3.5 A comparison of bird’s choices on the first and the second half of the experiment for each trial 
type, for those birds classified as ‘reasoning’ or ‘mixed’. Birds clearly following alternative strategies (OO & 
WLB) were excluded. Error bars ± S.E.* = significant difference in choices made on the first and the second 
half of the experiment, paired t-test: p < .05. 
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One final alternative explanation to address is that birds may have been able to choose correctly 

on Inference 2 trials, purely through avoidance, if they viewed the two ends of the bent tube as 

different locations. Birds could succeed by avoiding the empty straight tube, avoiding the empty 

front of the bent tube, and then approaching the side of the bent tube as the only remaining 

option. If birds’ successful choices were solely based on avoidance in this manner, this would be 

characterised by a signature behaviour: birds would approach the bent tube from the side, to 

avoid the aversive empty front end of the tube. We examined whether birds were less likely to 

approach the front of the bent tube (defined as stepping on to the table directly in front of the 

open end of the bent tube), than the side of the bent tube, on correct Inference 2 trials. Three 

mixed-strategy birds, BO, WR, and W, approached the front on only 1/10, 1/8 and 0/9 trials, 

respectively (binomial test: all p < .05). Thus, it is possible that these birds followed an avoidance 

strategy, avoiding both of the empty tube ends on Inference 2 trials. However, B approached the 

front of the tube on 3/9 trials, and, importantly, both of the two ‘reasoning’ birds were equally as 

likely to approach the front of the bent tube as the side of the tube (W: 5/10, G: 4/10). These 

birds clearly did not avoid the empty front of the bent tube. Thus, this behaviour confirms that it 

is highly improbable that these birds succeeded by avoiding empty tubes.  

To date, behavioural studies of reasoning by exclusion have included controls for several 

associative rules, particularly in auditory versions of the ‘cups’ task (Call, 2004; Hill et al., 2011; 

Hill, Collier-Baker, & Suddendorf, 2012; Schloegl et al., 2012); however, strong evidence for 

inferential reasoning is lacking as exclusion studies have not adequately controlled for the 

possibility that subjects merely avoid empty containers or unrewarded stimuli (although see 

Pepperberg et al. (2013) and Schloegl et al. (2012) which address some aspects). In one notable 

exception, dogs – trained to discriminate between pairs of positive and negative stimuli presented 

on a screen – spontaneously chose a novel stimulus (S’) over a negative stimulus (S-) (Aust et al., 

2008), similarly to fast mapping (Kaminski et al., 2004). Crucially, in subsequent trials they also 

preferred S’ to another novel stimulus, indicating they inferred S’ was positive, rather than 

choosing by preferring novelty or avoiding S-. Although it is possible that the dogs chose based on 

familiarity in their final test, these findings are suggestive that dogs can reason by exclusion. 

However, it remains unclear how dogs, or any other animal, solve tasks which do not involve 

extensive prior training, e.g. (Bräuer et al., 2006).  
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By testing New Caledonian crows in this forced-choice tubes task we provide evidence for the 

capacity for inferential reasoning by exclusion in this species. Two of the crows tested here 

performed exactly as predicted by reasoning by exclusion only. They reached criterion in 

Inference 1 and in Inference 2 – when both tubes were presented empty-end-forward  – and they 

did not avoid the bent tube when presented empty-end-forwards in Incomplete Information 

trials. These birds showed no signs that they made choices by avoiding empty containers. By 

ruling out the possibility that ‘avoiding empty containers’ can explain the performance of at least 

some birds, this study provides strong evidence that New Caledonian crows are capable of 

reasoning by exclusion.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

Given that two birds demonstrated reasoning by exclusion, when considering the remaining birds, 

a plausible explanation for our ‘mixed’ strategy crows is that they used elements of both 

reasoning and avoidance of empty tubes to make decisions in this task. In order to confirm that 

subjects only followed a strategy of reasoning by exclusion, our design required subjects to 

choose tubes at random on control trials (Incomplete and No Information trials). However, as 

there were no penalties for adopting a strategy other than random choice on these trials, the 

emergence of mixed strategies is not unexpected. Our results suggest that, like humans 

(Kahneman, 2011), most New Caledonian crows do not appear to rely solely on reasoning to make 

decisions. 

Overall, our findings support the hypothesis that New Caledonian crows have relatively 

sophisticated cognitive abilities: i.e. their performances cannot be explained just in terms of 

operant conditioning and associative learning. Suggestive evidence for causal reasoning has been 

found when this species has tackled physical tasks such as the trap-tube and the Aesop’s fable 

task (Jelbert et al., 2014; Logan et al., 2014; Taylor et al., 2011a; Taylor et al., 2009b). They also 

appear to reason about hidden causal agents (Taylor et al., 2012b); New Caledonian crows 

witnessing a human entering a hide, and a stick probing out of the hide, will attribute the 

movement of the stick to the hidden human. The ability to reason about hidden causal agents has 

obvious ecological benefits in terms of predator detection (e.g. inferring that movement of 

branches in a canopy could be caused by an approaching predator), and may have evolved 

specifically for this purpose. However, our results suggest that the inferential reasoning abilities of 

New Caledonian crows could potentially be broader – hidden causal agents might be just one of 

several concepts that New Caledonian crows could reason about. Whether New Caledonian crows 
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are unique in this respect remains unclear at present. Further studies of reasoning by exclusion, 

using the forced-choice tubes task adopted here, might find that inferential reasoning – not 

merely avoidance – is more ubiquitous than previously thought.  
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Chapter Four 
 
New Caledonian crows rapidly solve a collaborative 
problem without cooperative cognition1  

 

 

Abstract 

There is growing comparative evidence that the cognitive bases of cooperation are 

not unique to humans. However, the selective pressures that lead to the evolution 

of these mechanisms remain unclear. Here we show that while tool-making New 

Caledonian crows can produce collaborative behaviour, they do not understand the 

causality of cooperation nor show sensitivity to inequity. Instead, the collaborative 

behaviour produced appears to have been underpinned by the transfer of prior 

experience. These results suggest that a number of possible selective pressures, 

including tool manufacture and mobbing behaviours, have not led to the evolution 

of cooperative cognition in this species. They show that causal cognition can evolve 

in a domain specific manner – understanding the properties and flexible uses of 

physical tools does not necessarily enable animals to grasp that a conspecific can 

be used as a social tool. 

 

  

                                                           
1 Jelbert S.A., Singh, P.J, Gray R.D. & Taylor A.H. (2015) New Caledonian crows rapidly solve a collaborative 
problem without cooperative cognition. Plos One 10(8): e0133253 
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4.1 Introduction 

Human cooperation is based upon two cognitive building blocks. The first is an understanding of 

the causality of cooperation: that a conspecific can be used as a social tool to achieve a goal that 

is inaccessible via individual action. The second is a sense of fairness (inequity aversion): 

cooperators must avoid situations where they put a lot of effort into a cooperative task and 

receive little reward compared to their partner(s). Whilst these cognitive mechanisms are well-

developed in humans (Fehr & Schmidt, 1999), we do not fully understand the selective pressures 

that led to their evolution. However, by examining what different animal species understand 

about the role of a partner, and how they react to unequal outcomes in cooperative tasks, we 

may be able to gain insight into how cooperative cognition evolved.  

In recent years, cooperative string-pulling tasks have yielded evidence that pairs of animals from a 

variety of species can perform actions simultaneously to achieve a goal (Drea & Carter, 2009; Hare 

et al., 2007; Melis et al., 2006b; Melis & Tomasello, 2013; Mendres & de Waal, 2000; Ostojić & 

Clayton, 2014; Peron et al., 2011; Plotnik et al., 2011; Seed et al., 2008). However, evidence for 

cooperative cognition is frequently harder to find.  Notably, both chimpanzees and elephants not 

only cooperate, but appear to understand how cooperation works (Melis et al., 2006b; Melis & 

Tomasello, 2013; Plotnik et al., 2011). Elephants will wait for up to 45 seconds for a partner to 

arrive before they begin to act on a cooperative task (Plotnik et al., 2011); and chimpanzees not 

only wait for a partner, but will actively recruit help when needed (Melis et al., 2006b), 

remembering previous successes to recruit the most effective partner. Their performance stands 

in contrast to capuchins, hyenas, parrots and rooks who can solve cooperative tasks, but, when 

their partners are absent or delayed, fail to wait for them to arrive before acting (Drea & Carter, 

2009; Mendres & de Waal, 2000; Peron et al., 2011; Seed et al., 2008). Dogs are also able to 

successfully wait for a partner, but only over short delays (2 seconds with a conspecific partner) 

(Ostojić & Clayton, 2014), whereas bonobos, with their high levels of social tolerance, can 

outperform chimpanzees on some cooperative tasks (Hare et al., 2007). Other primates, including 

orangutans (Chalmeau et al., 1997) and cotton-top tamarins (Cronin, Kurian, & Snowdon, 2005), 

tested in simultaneous handle-pulling tasks, may also recognize the role of a partner, with some 

individuals appearing to monitor their partner’s behaviour and coordinate their actions in these 

tasks. Moreover, female orangutans tested in mother-offspring dyads have been observed to use 

their offspring directly as social tools, by manipulating the young orangutans’ limbs to retrieve 
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food or tools that are only accessible through small gaps, or by passing their offspring tools to 

obtain out of reach rewards (Völter, Rossano, & Call, 2015). Recently, comparable abilities have 

also been demonstrated in fish. Trout will recruit the more effective of two artificial moray eels in 

an ecologically relevant collaborative hunting task (Vail, Manica, & Bshary, 2014). However, in this 

highly specific context it is unclear what cognitive mechanisms underpin the trout’s behaviour. 

Thus, to date, certain primates, elephants, and perhaps dogs, but arguably not several other 

species, appear to recognize that other agents can act as social tools. That is, they understand 

that conspecifics can create effects in the world which – when combined with their own actions – 

can allow them to achieve goals that cannot be achieved alone.  

The second key mechanism for cooperative cognition – inequity aversion – has been identified in 

some non-human animals (see (Brosnan & de Waal, 2014) for review). Chimpanzees, capuchins, 

macaques and possibly bonobos will reject a reward if a partner receives a better reward for the 

same effort (Bräuer, Call, & Tomasello, 2009; Brosnan & De Waal, 2003; Brosnan, Schiff, & de 

Waal, 2005; Brosnan et al., 2010; Fletcher, 2008; Massen et al., 2012; Takimoto, Kuroshima, & 

Fujita, 2010; Van Wolkenten, Brosnan, & de Waal, 2007). Domestic dogs stop participating if a 

partner receives an award but they receive none (Range et al., 2009). However, they do not show 

sensitivity to reward type or degree of effort, suggesting their inequity aversion may have 

different cognitive underpinnings. Carrion crows and ravens possibly demonstrate inequity 

aversion; however, the corvids also reject low value rewards when tested individually, suggesting 

they may respond only to food value (Wascher & Bugnyar, 2013). Orangutans, squirrel monkeys, 

owl monkeys, marmosets and tamarins are not sensitive to inequity (Bräuer et al., 2009; Brosnan 

et al., 2011; Freeman et al., 2013; Neiworth et al., 2009; Talbot et al., 2011), and elephants have 

not yet been tested. 

At present it is difficult to make firm conclusions about the selective pressures that do, and do not 

lead, to cooperative cognition. It has been suggested that living in complex social groups leads to 

enhanced social cognition (i.e. the social intelligence hypothesis (Byrne & Whiten, 1989; Whiten & 

Byrne, 1997)). However, in terms of the ability to understand that conspecifics can be used as 

social tools, this ability has been most clearly identified in species that are not only highly social 

(Goodall, 1986; Nishida, 1979; Schulte, 2000; Sukumar, 1993) – although see orangutans (Wich, 

2009) – but also show sophisticated tool behaviours in the wild, such as the use of natural 

materials for termite fishing (chimpanzees), fly swatting (elephants) or scratching (orangutans) 

(Chevalier-Skolnikoff & Liska, 1993; Goodall, 1986; Hart et al., 2001; McGrew, 1992; McGrew, 
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2010; van Schaik et al., 2003). It is therefore difficult to pinpoint which of these species’ 

characteristics could have led to the evolution of the understanding that others can be used as 

social tools. Has interaction with conspecifics led to sophisticated social cognition, or has an 

understanding of the causal relations behind tool use and manufacture been transferred to the 

social domain?  

In terms of inequity aversion, it has been suggested that inequity aversion evolves in order to 

foster long-term cooperation between unrelated individuals (Brosnan, 2006, 2011; Fehr & 

Schmidt, 1999). In particular, Brosnan suggests that responding to inequity facilitates partner 

choice; increasing an individual’s fitness by enabling them to reject partnerships which repeatedly 

lead to unequal outcomes (Brosnan, 2011; Brosnan, 2013; Brosnan, Freeman, & De Waal, 2006). 

In support of this, inequity aversion is found in highly-cooperative capuchins, but not in the 

closely related, less cooperative squirrel monkey (Talbot et al., 2011); and in cooperative 

chimpanzees, but not in typically less cooperative orangutans (Brosnan et al., 2011). However, to 

date, the only species showing sensitivity to inequity are not just frequent cooperators, but are 

also highly social in the wild. This leaves open the question of whether the combination of high 

sociality and cooperation is essential for the evolution of inequity aversion, or whether inequity 

aversion could also evolve in cooperative species with low levels of sociality. 

Here, we investigate the cognitive mechanisms New Caledonian crows use to tackle problems 

requiring cooperation. New Caledonian crows live in small family groups (Holzhaider et al., 2011a) 

and appear to mix closely outside of these groups with only 5-6 individuals (Rutz et al., 2012). 

These crows therefore have smaller group sizes than both African elephants (mean group size: 

6.75 (Archie, Moss, & Alberts, 2006; Durand, Blum, & François, 2007)) and chimpanzees (mean: 

53.5 (Dunbar, 1992)), as well as other corvid species, such as rooks, which can form groups of over 

200 individuals (Emery et al., 2007). However, New Caledonian crows are known to mob 

predators such as raptors (see Figure 4.1); a behaviour which benefits other crows in the area 

whether they mob or free-ride. Thus, despite their limited sociality, New Caledonian crows carry 

out some cooperative behaviours in the wild, and this characteristic allows us to test whether 

cooperation, without high levels of sociality, can lead to the evolution of inequity aversion.  

Furthermore, New Caledonian crows produce a range of complex tool behaviours, both in the 

wild (Hunt, 1996; Hunt, 2000; Hunt & Gray, 2004a; Hunt & Gray, 2004b) and in captivity (Taylor et 

al., 2011a; Taylor, Hunt, & Gray, 2011b; Taylor et al., 2007). They appear to have an abstract 
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understanding of tool use (Taylor et al., 2010a; Taylor et al., 2007), and reason about both object-

object interactions (Jelbert et al., 2014; Logan et al., 2014; Taylor et al., 2009a; Taylor et al., 

2009c) and hidden causal agents (Taylor et al., 2012b). Thus, these crows have an understanding 

of both tool use and physical causal relations that is arguably comparable with chimpanzees’ 

(Martin-Ordas & Call, 2009; Martin-Ordas et al., 2008; Taylor et al., 2009c). This species is 

therefore an ideal candidate to test whether social or technical selection pressures shape the 

evolution of the understanding that a conspecific can be used as a social tool.  

In the current study we presented two groups of New Caledonian crows with a novel cooperative 

problem. Crows had to pass a stone to a partner in an adjacent cage, which the partner could use 

to trigger an apparatus, releasing food into both cages. By manipulating whether or not the 

partner was present, and the type and amount of food available to each bird, we examined 

whether New Caledonian crows understood the causality of cooperation and were sensitive to 

inequity in a cooperative task. The first group of crows we tested received a spontaneous stone 

passing task, followed by a test of inequity aversion. Then, the second group of crows received a 

spontaneous stone passing task, a social vs. asocial control test, and a different test of inequity 

aversion. Results are presented for both groups simultaneously.  

 

 

 

Figure 4.1: A sequence of photos showing New Caledonian crows mobbing a raptor.  
Photo credit: Mick Sibley. 
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4.2 Method 

4.2.1 Ethics Statement  

All aspects of this study were conducted under approval from the University of Auckland ethics 

committee (reference no. R602). The Loyalty Islands Provincial Administration granted us 

permission to work on Maré, and the Province Sud granted us permission to work on Grande 

Terre. All birds were caught on private land with permission from the land owners and were 

released at their site of capture at the end of testing.  

4.2.2 Group 1 

4.2.2.1 Subjects 

Subjects were 6 wild-caught New Caledonian crows, captured from various sites on the island of 

Maré between June and September 2010 using Whoosh nets, and housed in a six-cage outdoor 

aviary. Cages varied in size but all were at least 2m² x 3m. Crows were fed a diet of papaya, meat, 

dog biscuits and egg, twice daily, and had access to water ad libitum. All subjects were released at 

their site of capture after testing.  

4.2.2.2 Materials 

The apparatus consisted of a clear acrylic box (L x W xH: 40 x 20 x 30 cm, Figure 4.2) with a 

collapsible middle platform which could be baited with food. Stones dropped through a 5cm² hole 

on the top surface of the box would collapse the platform, allowing subjects to obtain the 

rewards. The apparatus was placed between two adjacent cages, separated by a wire mesh wall. 

The hole was only accessible to the bird on one side of the wire mesh divider; however collapsing 

the platform would provide rewards to both birds.  A perch ran parallel to the apparatus providing 

the crows with full visibility of each other and of the rewards on either side of the apparatus. 

4.2.2.3 Procedure 

All subjects were habituated to the apparatus and the testing cages. They were then individually 

trained, from one side of the divider, to drop stones into the apparatus to collapse the platform. 

Birds initially nudged stones placed in close proximity to the hole, and training continued until 

they reliably picked stones up from the table and dropped them into the hole.  
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4.2.2.4 Test 1a: Spontaneous Stone Passing 

Following training, birds were paired with another individual to take part in a spontaneous 

cooperation task. One bird was let into each cage: one with access to the hole (the 

‘dropper’/partner), and one provided with a stone (the ‘passer’/subject). Two gaps in the dividing 

mesh wall acted as passing locations, one on top of the apparatus, and one along the table, where 

the passer bird could place the stone within reach of its partner. The partner could then drop the 

stone into the apparatus to collapse the platform, providing rewards to both birds. If the stone 

was not passed the dropper was unable to trigger the apparatus. Each pair received seven trials 

per block, consisting of 4 ‘cooperation’ trials (as described), and three ‘motivational’ trials where 

the experimenter placed the stone on the dropper’s side. A trial ended when the crows obtained 

the food, or when 2 minutes had elapsed. Testing continued until crows passed the stone on 75% 

of trials within one block.  

 

 

Figure 4.2: Experimental setup and apparatus used by group one. The diagram of the box shows the 
cooperative apparatus. Stones dropped through the hole on the surface of the box would hit a baited 
central platform, causing the platform to swing downwards and release the food.  The large diagram shows 
the setup of the box between two cages. The crow on the left (‘passer’/subject) had to pick up a stone and 
place it next to one of two gaps in the wire mesh divider (passing locations). The crow on the right 
(‘dropper’/partner) could then drop the stone into the apparatus and release food into both cages. For 
group two, the hole in the apparatus was on the left. Diagram by Vivian Ward.  
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4.2.2.5 Test 1b: Inequity Aversion 

Birds then received an Inequity task, where the quantity of food available to each bird was varied 

on each trial. There were five types of trial: (1) low equity (both the passer and the dropper 

received one small meat reward), (2) high equity (both partners received one large meat reward), 

(3) low inequity (the passer received one small reward, whilst the dropper received five small 

rewards), (4) high inequity (the passer received one large reward, whilst the dropper received five 

large rewards) and (5) super inequity (the passer received one small reward, whilst the dropper 

received five large rewards). Each small meat reward was around 150 mm3, while each large one 

was 750 mm3. Birds received 5 blocks of 10 trials. Trials lasted 1 minute, and whether or not the 

target bird passed the stone within this time, was recorded. 

4.2.3 Group 2 

4.2.3.1 Subjects 

Subjects were 6 wild-caught New Caledonian crows, captured from two sites on Grande-Terre in 

April 2014 and housed in a 10-cage outdoor aviary. Crows were housed and fed as in Experiment 

1. All crows were released at their site of capture at the end of testing. 

4.2.3.2 Materials 

The cooperative apparatus was identical to Experiment 1. In addition, an ‘individual’ apparatus 

was used in Test 2b, comprised of a smaller Perspex box (18 x 12 x 9 cm) with a collapsible middle 

platform. This apparatus could be operated individually by dropping a stone into a (5 cm²) tube on 

the top surface.  

4.2.3.3 Procedure 

All birds were individually trained to drop stones into the cooperative apparatus, as in Experiment 

1. In preparation for Test 2b, they were also trained to attend to different food rewards placed 

inside the cooperative and individual apparatuses. During training, both apparatuses could be 

operated individually, and on each trial one apparatus contained meat (high value) and one 

contained dog-food (low value). A single stone was provided. Birds continued training until they 

dropped the stone into the apparatus containing meat on 9/10 trials, indicating that they 
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attended to the contents of the two apparatuses before making a choice. To ensure birds would 

still work for dog-food after this experience they received 10 trials dropping stones into an 

apparatus containing only dog-food in an adjacent room.  

4.2.3.4 Test 2a: Spontaneous Stone Passing 

Following training, birds took part in a spontaneous cooperation experiment. The procedure was 

identical to Task 1a except that two, not three, motivational trials were given per block. 

4.2.3.5 Test 2b: Social v Asocial Conditions 

Birds then received a social vs. asocial test, where the presence or absence of a partner was 

manipulated across blocks of trials. Here, the cooperative and individual apparatus were both 

presented, 50cm apart, in the passer’s cage (see Movie S1 for set-up). The individual apparatus 

could be operated alone, but the cooperative apparatus required a partner. On all trials the 

cooperative apparatus contained meat (high value) and the individual apparatus contained dog-

food (low value). A single stone was provided in between the two apparatuses. If individuals 

possessed cooperative cognition, they were expected to prefer to pass the stone on top of the 

cooperative apparatus in social trials, when their partner was present, to obtain the high value 

reward. However, they were expected to drop the stone into the individual apparatus, in asocial 

trials, to obtain the low value reward when obtaining the high value reward was impossible. Given 

the small sample size (n=6), individual performance was analysed in addition to group means to 

determine whether any individual bird showed choices consistent with cooperative cognition. 

If birds did not pass the stone or obtain either reward within two minutes the trial was ended. 

Birds received 5 blocks of 4 trials in each condition. Blocks were pseudorandomised, with the 

provision that all birds received a social block first and the same block was not repeated more 

than twice consecutively. Birds were given blocks of each condition, rather than individual trials to 

minimise the disturbance caused by moving the partner in and out of the adjacent cage, and to 

maintain their motivation for the task.  

4.2.3.6 Test 2c: Inequity Aversion 

To test the robustness of our findings with group 1, birds in group 2 received a different inequity 

task where the quality, rather than quantity of food was varied. Birds received four types of trial, 
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pseudorandomised in four blocks of 10 trials, with the provision that trials were not repeated 

more than twice consecutively. Trial types were: (1) low equity (both partners received dog-food), 

(2) high equity (both partners received meat), (3) advantageous inequity (the passer received 

meat, but the dropper received dog-food), and (4) disadvantageous inequity (the passer received 

dog-food, whilst the dropper received meat). Only the cooperative apparatus was presented. 

Trials lasted 1 minute, and whether or not the bird passed the stone within this time was 

recorded.    

4.2.4 Analysis: 

Experimental trials were video recorded for later analysis. A second observer coded 10% of the 

videos, finding 100% agreement with the data, Kappa = 1.0. Actions were coded as ‘stone passing’ 

when the subject placed the stone within reach of the partner, who then used it to trigger the 

apparatus. In trials where no partner was present stones were considered to have been ‘passed’ 

when they were placed within 5cm either side of the divider (unambiguous passing) or placed 

within the potential reach of their specific partner, determined by the pair’s behaviour on social 

trials (pair-specific passing).  

Individual performance on the social vs. asocial task was assessed using binomial tests to 

determine whether the subject chose the cooperative apparatus more often than chance. Mixed 

logistic regressions, with random intercepts for birds, were used to analyse the group level 

performance on the social vs. asocial and inequity aversion tasks, and a GLMM assuming a 

negative binomial distribution was used to analyse the latency to pass the stone in the social vs. 

asocial task. Holm-Bonferroni corrections were applied to account for multiple tests. All analyses, 

except the binomial tests, were conducted using the glimmix procedure in SAS version 9.4, using 

the satterthwaite approximation for the denominator degrees of freedom. Binomial tests were 

conducted in Excel. 

 

4.3 Results 

4.3.1 Test 1a & 2a: Spontaneous Stone Passing 

All birds began passing stones within 2-21 trials, and reached criterion with 8-24 trials (Table 4.1). 

The first group of crows took 5.50 ± 1.57 trials (mean ± s.e.m.) to start passing the stones, and the 
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second group took 9.67 ± 2.94 trials (mean ± s.e.m.). Eight of the twelve crows were naïve to 

stone passing, as they had not performed the role of a dropper before the test. Naïve crows took 

8.13 ± 2.45 trials (mean ± s.e.m.) to pass stones; while crows with experience of dropping took 

6.50 ± 1.85 trials (mean ± s.e.m.). In group 2 all passes were made on top of the apparatus, not 

along the table.  

 

Group Subject Partner 
Trial to start 

passing 
Trial to reach 

criterion 
Naïve to stone 

passing? 
Related to 
partner? 

1 BBW RGR 2 8 Yes No 

1 OBB RGR 9 20 Yes No 

1 RGR BBW 9 24 No No 

1 YBB GBG 2 8 No Yes 

1 GBG YBB 2 12 Yes Yes 

1 OGG YBB 9 16 Yes No 

2 D4-R LB 5 8 Yes Yes 

2 RW-Y D3-R 21 24 Yes No 

2 D4-B D4-R 15 24 Yes Yes 

2 LB D4-R 5 8 No Yes 

2 D3-R D4-R 10 16 No No 

2 D3-B D4-R 2 16 Yes No 

 

Table 4.1. Summary of pairs and their performance on the spontaneous stone passing task (Test 1a & 
2a).Eight subjects were naïve to stone passing as they had not performed the role of ‘dropper’ before their 
test. Six of the pairs were likely to be related (subjects were caught together), and six were likely to be 
unrelated (caught at different sites, at different times). Criterion: 3 out of 4 stones passed in one block.  

 

4.3.2 Test 2b: Social v Asocial Conditions 

If subjects possessed cooperative cognition they were expected to significantly prefer to pass the 

stone on social trials, but prefer to drop the stone into the individual apparatus on asocial trials 

(≥15/20, binomial tests: p < .05). However, individually, none of the 6 birds tested showed this 

pattern (Table 4.2). At the group level, a mixed logistic regression was performed on the 

likelihood of stone passing on all trials in the social and asocial conditions (6 birds, 240 

observations). The between bird variance was 2.98. The logistic regression did not find condition 

(social or asocial) to be significantly related to the probability of passing a stone (Type 3 test: F(1, 

238) = 1.78, p = .18). In total, birds passed a stone on 6.00 ± 2.46 trials (mean ± s.e.m.) in the 

social condition and 4.67 ± 1.62 trials (mean ± s.e.m.) in the asocial condition (Figure 4.3a.). 
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Furthermore, on their first trial of each block, birds passed the stone exactly as often in the social 

and asocial conditions (Figure 4.3b).  

Considering only those trials where stone passing occurred, we found no evidence that birds took 

more time to pass the stone in asocial trials compared to social trials. A GLMM assuming a 

negative binomial distribution, with random intercepts for birds, was performed on the time 

taken to pass the stone in the social and asocial conditions, using only the trials when stone 

passing occurred (6 birds, mean number of observations per bird = 15). The between-bird 

variance was 0.136. Here, no significant effect of condition was found on time taken to pass the 

stone (Type 3 test: F(1,55) = 1.29, p = 0.26).  

Birds either passed the stone or obtained the individual reward within 2 minutes in all except 4 

trials (all RW-Y, social condition). In the asocial condition passing was unambiguous in 21/26 trials 

and stones were placed within extended reach of their partner on the remaining 5 trials (RWY: 4; 

D4-R: 1).  

 

 

Bird 

 
Total /20  1st trial per block /5 

 Social Asocial  Social Asocial 

D4-R    4*   3*  1 1 
RW-Y  11 9  2 3 
D4-B   0*   0*  0 0 
LB   0*   2*  0 0 
D3-R  6   4*  2 1 
D3-B   15* 10  4 4 

Mean:  6.00 4.67  1.5 1.5 

 

Table 4.2. Individual performance in the social and asocial conditions (Test 2b). Scores indicate the 
number of trials on which subjects passed the stone on top of the cooperative apparatus, ≥15/20 = 
significant preference for the cooperative apparatus, ≤5/20 = significant preference for the individual 
apparatus. Results are given for the total number of trials in each condition, and for the first trial of each 
block (5 trials per condition). *binomial test, p < .05. Bold: subject made the optimal choice for that 
condition.   
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Figure 4.3: Mean number of stones passed on the cooperative apparatus in the social and asocial 
conditions. (a) total, 20 trials (b) first trial in each social or asocial block, 5 trials. Error bars ± S.E.   

 

4.3.3 Test 1b & 2c: Inequity Aversion 

For the inequity aversion task with group one a mixed logistic regression was performed on the 

probability of passing the stone in the five conditions these birds experienced: low equity, high 

equity, low inequity, high inequity and super inequity (6 birds, 300 observations). The between-

bird variance was 2.01. Here, condition was found to be significantly related to the probability of 

passing the stone (Type 3 test: F(4,295) = 6.15, p < .001). Specifically, the low equity condition 

differed significantly from three of the four other conditions. Compared to the low equity 

condition, the odds of passing were 6.09 times higher under the high equity condition (p < .001). 

However, they were also 7.2 times higher under both the high inequity and super inequity 

conditions (both p < .001). The odds of passing were 2.81 times higher under the low inequity 

condition, but this difference was not significant against a Holm-Bonferroni corrected alpha of 

.007 (p = .021). Thus, birds passed more often in the two conditions which had the highest levels 

of inequity, and the high equity condition, than they did in the low equity condition. There were 

no other significant differences between conditions (pairwise comparisons: Table 4.3).  

Our results indicated that birds passed the stone least often when the total amount of meat 

provided in the apparatus was at its lowest. Thus, considering meat volume as a continuous 

variable, we tested for a linear trend in stone passing with increasing meat volume, which was 
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found to be significant (F(1,798) = 15.14, p < .001). Each increase in meat volume of 1000mm³ was 

associated with an increase in the odds of passing the stone by a factor of 1.51. The fitted trend 

can be seen in Figure 4.4. Although we saw from the plot that a linear trend was not the best 

possible fit, we had insufficient unique values to fit a quadratic curve to our data. Finally, there 

was no indication that birds began passing less in the Inequity conditions over the course of the 

experiment. Taken together, birds passed the stone exactly the same number of times in the first 

5 and the last 5 trials of the three Inequity conditions.  

For group two, a mixed logistic regression was conducted on the probability of stone passing in 

the four inequity conditions experienced by this group: high equity, low equity, disadvantageous 

inequity and advantageous inequity (6 birds, 240 observations). The between-bird variance was 

0.66. The inequity condition variable was not found to be significantly related to the probability of 

passing a stone (Type 3 test: F(3,236) = 0.43, p = 0.73). Birds were highly likely to pass the stone to 

their partner across all four types of trial (Figure 4.5, see also ESM data).  

 

 

95% Confidence 
Interval for 
Odds Ratio 

Comparison 
Differences on 
Log Odds Scale 

Odds 
ratio 

Std. 
Error DF t value p value Lower Upper 

Super Inequity v High Inequity 0.00 1.00 0.59 295 0.00 1.000 0.31 3.22 

Super Inequity v Low Inequity 0.94 2.56 0.54 295 1.76 0.080 0.89 7.35 

Super Inequity v High Equity 0.17 1.18 0.58 295 0.29 0.773 0.38 3.70 

Super Inequity v Low Equity*** 1.97 7.20 0.52 295 3.8 <0.001 2.59 20.03 

High Inequity v Low Inequity 0.94 2.56 0.54 295 1.76 0.080 0.89 7.35 

High Inequity v High Equity 0.17 1.18 0.58 295 0.29 0.773 0.38 3.70 

High Inequity v Low Equity*** 1.97 7.20 0.52 295 3.8 <0.001 2.59 20.03 

Low Inequity v High Equity -0.77 0.46 0.52 295 -1.49 0.137 0.17 1.28 

Low Inequity v Low Equity 1.03 2.81 0.44 295 2.32 0.021 1.17 6.73 

High Equity v Low Equity*** 1.81 6.09 0.50 295 3.6 <0.001 2.27 16.35 

 

Table 4.3: Pairwise comparisons from the logistic model of the inequity conditions experienced by group 
one (Test 1b). *p < .001 
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Figure 4.4: Model-predicted probability of stone passing in relation to the total volume of food in the 
apparatus (Test 1b). Crows increased their passing rate as food volume increased. Circles = equity 
conditions, squares = inequity conditions. Error bars = 95% confidence intervals. 

 

 

 

Figure 4.5: Mean number of stones passed in an inequity test by group 2 (Test 2c). Disadv. = 
Disadvantageous, Adv. = Advantageous, DF = dog-food, M = meat. 
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4.4 Discussion 

Collaboration is considered to be the most complex form of cooperation, as individuals have to 

assume different but complementary roles (Boesch & Boesch, 1989). The behaviour of the New 

Caledonian crows studied here fits this definition. The subject picked up a stone and placed it 

within reach of another crow, which then dropped the stone into a hole in an apparatus to 

collapse a baited platform. Each individual performed a different behaviour that enabled both 

subjects to achieve a shared goal, identical to that used in other studies on animal cooperation, 

namely, two rewards separated spatially on a platform (Melis et al., 2006b; Plotnik et al., 2011; 

Seed et al., 2008). Our results therefore show New Caledonian crows can spontaneously solve a 

complex cooperative task.  

However, we found no evidence that their solution was based on an understanding of 

cooperation. The crows did not adjust their behaviour according to the presence or absence of a 

partner. They were equally as likely to pass the stone when there was no bird there to receive it, 

as they were when a partner was available to take the stone and use it to collapse the platform. 

Strikingly, on their first trial of each social and asocial block – before they could receive feedback 

about whether or not their actions led to reward – crows passed the stone on exactly the same 

number of trials in the two conditions. Individually, none of the six birds showed a pattern of 

behaviour expected from an individual possessing cooperative cognition: a preference for the 

cooperative apparatus in the social condition and a preference for the individual apparatus in the 

asocial condition. New Caledonian crows also demonstrated no sensitivity to inequity. In group 

one subjects were significantly less likely to pass the stone in the Low Equity condition (where 

both birds received one small piece of meat) than in three of the four other conditions, including 

those with the highest levels of inequity. Thus, passing was related to the total volume of food in 

the apparatus, but not to the level of inequity. Subjects passed stones even when they received 

25 times less food than their partner, and after repeated exposure to various inequity conditions. 

No inequity aversion was found when the quantity (group 1) or the quality (group 2) of the 

rewards was varied, despite the task meeting the optimal conditions for inequity aversion: 

subjects were caged close together, side-by-side, and had to perform a task to obtain the rewards 

(Brosnan & de Waal, 2014). 

Our results are based on a small sample (two groups, each of six birds), thus it remains plausible 

that in a larger group we might find individual birds that do respond to their partner’s presence 
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and absence, or show sensitivity to inequity. Our group-level analyses, based on these small 

samples, should be interpreted with some caution. However, as they stand, our results are a 

prime example of how apparently complex cooperative behaviour can be underpinned by simple 

cognitive mechanisms. While New Caledonian crows produced behaviour that could be described 

as collaborative, this performance was not underpinned by an understanding of collaborative 

action, in terms of the roles each crow took and the rewards they gained for their behaviour. In 

the current study, it is likely the crows’ previous learning history led to their stone passing 

behaviours. During training, crows had been rewarded for picking up stones and dropping them 

into the hole. Thus, we suggest that the crows attempted to reproduce this behaviour in the 

cooperative task, by attempting to place the stone as close to the hole as they could. Because the 

point closest to the hole was the communal area on top of the apparatus, crows placed the stones 

here, which resulted in the stone being within reach of the other bird. In support of this, crows in 

group two never passed stones to their partner through a gap in the divider on the table, even 

when the stone had fallen to the table and was closest to this potential passing location. 

It is conceivable that complex social cognition possessed by New Caledonian crows in our study 

was masked by problems with inhibition. These crows may have recognized that there was no 

partner present or that the reward available to them was unequal, but they still failed to inhibit 

passing the stone. However, there are compelling reasons to reject this as a full explanation for 

our results. First, during training, subjects in group two were given experience choosing between 

the cooperative and individual apparatus when they were baited with different foods (high-value 

meat, or low-value dog-food), until they selected the apparatus containing meat on 9/10 trials. 

Therefore, before the experiment began, subjects were capable of switching their responses on 

each trial, by assessing the contents of two apparatuses before making a choice. Thus, it is likely 

that if the birds knew they needed a partner to operate the cooperative apparatus, they would 

also have been able to switch their choices according to the presence or absence of a partner. 

Furthermore, in the inequity aversion task, when only one apparatus was present, crows did not 

appear to fail solely because of an inability to inhibit actions. The crows in group one appeared to 

inhibit stone passing when the total amount of food in the apparatus was very low (Figure 4.4), 

but they did not do the same when the total available to them was very low, despite the fact that 

they repeatedly experienced these conditions of inequity.  

An alternative possibility is that the crows’ initial solutions resulted from cooperative cognition, 

but their performance on the later tasks, such as the social vs. asocial task, was limited by 
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behavioural momentum: later actions became guided by past reinforcement, overshadowing their 

cognitive abilities. While this scenario is possible, we do not think it is particularly likely. New 

Caledonian crows chose the cooperative apparatus on only 30% of trials in the social condition – 

despite being consistently reinforced for choosing this apparatus when their partner was present 

– and, overall, they preferred the low-value but consistent reward from the individual apparatus 

in both the social and asocial conditions. This suggests that birds did respond to reinforcement, 

but did not recognize that the presence of a partner determined whether they would be 

rewarded. It is therefore unlikely that they recognized the need for a partner in their initial 

solution of the task.  Thus, it appears that crows did not fail the asocial and inequity conditions 

because they were simply unable to inhibit passing the stone or were demonstrating behavioural 

momentum. Instead, their behaviour strongly suggests that these crows did not understand that 

they needed another individual to act as a social tool, and they were not sensitive to inequity. 

Our results place New Caledonian crows alongside orangutans, squirrel monkeys, owl monkeys, 

marmosets and tamarins (Bräuer et al., 2009; Brosnan et al., 2011; Freeman et al., 2013; Neiworth 

et al., 2009; Talbot et al., 2011), as species who fail to show sensitivity to inequity. They contrast 

with a recent study which found a trend for carrion crows and ravens to exchange a token for a 

low quality reward more often when their partner also received a low quality reward (equity), 

than when their partner received a higher quality reward (inequity) (Wascher & Bugnyar, 2013). 

However, this evidence for inequity aversion in corvids is tentative at best. There was no 

difference in exchange rates between the inequity condition and a condition where subjects 

received the low quality reward with no partner present, indicating that they could be responding 

to reward type more than inequity. Furthermore, when the subject received no reward at all for 

their actions, they were equally likely to exchange the token regardless of whether (a) there was 

no partner present, (b) their partner also received no reward (equity) or (c) their partner did 

receive a reward (inequity). Whether or not inequity aversion is a feature in the corvid lineage is, 

therefore, presently unclear.  

The performance of New Caledonian crows is similar to that of rooks when faced with a 

cooperative task. Seed et al. (2008) found that rooks were able to pull two strings simultaneously 

to bring a baited platform within reach. However, if their partner was delayed, the rooks (unlike 

chimpanzees, elephants, or dogs (Melis et al., 2006b; Ostojić & Clayton, 2014; Plotnik et al., 

2011)) were unable to wait for their partner to enter the testing room before pulling the string. 

Seed concluded that rooks did not understand the role their partner played in this task – or at the 
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very least any understanding was masked by problems with inhibition. Thus, the rooks’ behaviour 

appears to be similar to that of the New Caledonian crows tested here. Similarly, Scheid and Noë 

(Scheid & Noe, 2010) – testing a different population of rooks – found no evidence that rooks 

would delay pulling if their partner was not present at the apparatus (rooks pulled on 21/26 of 

such trials). However, as partner arrival time was not experimentally manipulated, it is unclear 

whether or not these birds understood the role of their partner in this case.  

The results reported here provide insight into the selective pressures that lead to the evolution of 

cooperative cognition. Small family groups (Holzhaider et al., 2011a), mobbing (Figure 6.1), high 

tolerance for conspecifics (Holzhaider, Hunt, & Gray, 2010b; Hunt et al., 2012), tool use (Hunt, 

1996), tool manufacture (Hunt, 1996; Hunt & Gray, 2004a; Hunt & Gray, 2004b), metatool use 

(Taylor et al., 2010a; Taylor et al., 2007), context-dependent tool use (Taylor et al., 2011b), an 

abstract understanding of tool properties (Taylor et al., 2010a; Taylor et al., 2011a) and 

sophisticated causal or inferential reasoning (Jelbert, Taylor, & Gray, 2015a; Taylor et al., 2009a; 

Taylor et al., 2012b; Taylor et al., 2009c) do not appear to be sufficient for the evolution of the 

cognitive mechanisms involved in producing and maintaining cooperation between unrelated 

individuals. Thus, the evolution of an ability to understand that conspecifics can be used as a 

social tool, seen in humans, certain primates, elephants and perhaps dogs, seems unlikely to have 

been solely driven by the cognitive abilities associated with tool use and tool manufacture. It is 

more likely that aspects of these species’ social environments drove the evolution of cooperative 

cognition. Furthermore, complex social cognition does not appear to be a prerequisite for the 

evolution of the cognition involved in producing complex tool behaviours and making causal 

inferences. Based on the crows’ poor performance on the social task demonstrated here, it seems 

highly unlikely that the technical skills of New Caledonian crows are a byproduct (exaptation) of 

complex social cognitive mechanisms. 

Our results on inequity aversion are in line with the hypothesis that responses to inequity evolve 

in order to facilitate frequent cooperation between non-kin (Brosnan, 2006, 2011; Fehr & 

Schmidt, 1999). Although New Caledonian crows perform some cooperative behaviours in the 

wild (i.e. mobbing, Fig 6.1), they have low levels of sociality and are less cooperative than 

chimpanzees or capuchins (Silk, 2005). Thus, the finding that New Caledonian crows’ combination 

of enhanced physical cognition, moderate cooperative behaviours and low sociality has not led to 

inequity aversion in this species, fits with the theory that inequity aversion evolves as a 
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mechanism for cooperative, social individuals to engage in optimal partnerships and abandon 

inequitable ones (Brosnan, 2011; Brosnan, 2013; Brosnan et al., 2006). 

Finally, our results support the view that at least some aspects of intelligence evolve in a domain-

specific manner. It has recently been suggested that human cognition evolved with a domain-

general form (Barrett, Henzi, & Lusseau, 2012; Barton, 2012; Buchsbaum et al., 2012; Frith, 2012; 

Heyes, 2012a, 2012b; Jablonka, Ginsburg, & Dor, 2012; Sterelny, 2012), and so uses “a common 

set of computations to process information from a broad range of technical and social domains” 

(Heyes, 2012b). However, the cognitive mechanisms underpinning complex tool behaviours and 

sophisticated causal reasoning in New Caledonian crows do not allow this species to understand 

that a conspecific can act as a social tool, nor to track inequity, during cooperation. Thus, complex 

cognitive mechanisms can evolve that are unable to process both technical and social 

information. While it seems highly likely that a positive feedback loop existed between technical 

intelligence and social intelligence during human cooperative hunting (Sterelny, 2007), at least in 

New Caledonian crows, aspects of these two cognitive spheres are decoupled.  
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Chapter Five 
 
Does absolute brain size really predict self-control? Hand-
tracking training improves performance on the A-not-B 
task1 

 

Abstract 

Large-scale, comparative cognition studies are set to revolutionise the way we 

investigate and understand the evolution of intelligence. However, the conclusions 

reached by such work have a key limitation: the cognitive tests themselves. If 

factors other than cognition can systematically affect the performance of a subset 

of animals on these tests, we risk drawing the wrong conclusions about how 

intelligence evolves. Here, we examined whether this is the case for the A-not-B 

task, recently used by MacLean and co-workers to study self-control among 36 

different species. Non-primates performed poorly on this task; possibly because 

they have difficulty tracking the movements of a human demonstrator, and not 

because they lack self-control. To test this, we assessed the performance of New 

Caledonian crows on the A-not-B task before and after two types of training. New 

Caledonian crows trained to track rewards moved by a human demonstrator were 

more likely to pass the A-not-B test than birds trained on an unrelated choice task 

involving inhibitory control. Our findings demonstrate that overlooked task 

demands can affect performance on a cognitive task, and so bring into question 

MacLean’s conclusion that absolute brain size best predicts self-control. 

 

  

                                                           
1 Jelbert, S. A., Taylor, A. H. & Gray, R. D. (2016) Does absolute brain size really predict self-control? Hand-
tracking training improves performance on the A-not-B task. Biology Letters 12: 20150871. 
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5.1 Introduction 

With developments in phylogenetic analyses, and an increasing ability to coordinate research 

efforts around the world, large-scale comparisons of cognition across multiple species are set to 

revolutionise the way we investigate the evolution of intelligence (MacLean et al., 2012). 

However, this type of work is only as robust as the comparative tests used. If factors other than 

variation in cognition can systematically affect the performance of a subset of the animals tested, 

there is a real danger that faulty conclusions will be made.   

In 2014, MacLean and colleagues reported on an impressive collaborative study testing thirty-six 

species of primates, birds, rodents, carnivores and elephants on two self-control tasks (MacLean 

et al., 2014). (The use of the term ‘self-control’ to describe these tasks is debated (Beran, 2015), 

but for consistency we follow MacLean’s usage here.) The first was a ‘cylinder’ task, where 

subjects had to detour to the side of a transparent cylinder to retrieve food. The second was an 

‘A-not-B’ task, where subjects retrieved food from cup ‘A’ three times, then witnessed a human 

move the food from cup ‘A’ to cup ‘B’. Subjects had to inhibit their desire to select previously-

rewarded cup ‘A’ to succeed. However, they also had to accurately track the movement of food 

by a human hand. This additional demand may have selectively disadvantaged non-primates, who 

frequently fail tasks involving human demonstrators (Erdőhegyi et al., 2007; Mikolasch et al., 

2012; Nawroth et al., 2014; Shaw et al., 2013). Given this confound, there is a real possibility that 

the conclusion reached by MacLean et al. (MacLean et al., 2014) – that absolute brain size 

predicts self-control – is wrong.  

Supporting this, while primates performed similarly on the cylinder and A-not-B tasks, six of the 

eight non-primates given both tasks showed a drop in performance of 41-66% on the A-not-B 

task. Elephants failed every trial. Pigeons and domestic dogs were the only exceptions, and 

strikingly, they were the only non-primates trained to retrieve food from containers after 

witnessing baiting. It is therefore unclear if the (almost unanimous) test failures by non-primates 

were due to limited self-control or an inability to track food moved by human hands.  

Across the discipline of animal cognition there is a growing impetus for researchers to attend to 

failures, which have a multitude of causes, and not just problem-solving successes (Seed et al., 

2012; Taylor, 2014). This becomes essential when we intend to draw conclusions from variation in 

test performance, both across and within species (Rowe & Healy, 2014). Lowering task demands, 

or correlating performance from different tasks, can provide valuable information about why a 
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subject or species failed a particular test (Seed et al., 2012). Even more powerful are intervention 

studies, where subjects are trained to overcome a specific weakness, to determine whether this 

was a cause of their failure (a practice commonly used to study developmental disorders 

(Schneider, Roth, & Ennemoser, 2000)).  

Here, we ran an intervention study with two groups of wild-caught New Caledonian crows to 

assess their performance on the A-not-B task before and after training. One group was trained to 

attend to the movement of food by a human demonstrator, while the other received reversal 

learning: an unrelated choice task, but one that involves inhibitory control (Dias, Robbins, & 

Roberts, 1996). New Caledonian crows have small absolute, but large relative, brain sizes (Cnotka 

et al., 2008). However, like several species with similarly small brains (Cheke & Clayton, 2012; 

Raby et al., 2007), they display various behaviours that involve self-control. New Caledonian 

crows delay foraging in order to manufacture tools in the wild (Hunt, 1996), and perform well on 

cognitive tasks that involve inhibiting their approach towards food (Taylor et al., 2007) or 

switching their responses across trials (Jelbert et al., 2015a; Taylor et al., 2009b). Thus, if this 

species fails the A-not-B task it may be because they struggle to attend to the movement of food 

by a human demonstrator. If this is the case, training crows to track the demonstrator’s actions 

should improve their A-not-B performance. 

 

5.2 Method 

5.2.1 Subjects 

Subjects were 14 wild-caught New Caledonian crows held in captivity for 10 to 17 weeks when 

testing began (Table 5.1). All birds had previously taken part in experiments involving tool-use and 

learning object properties, and some had taken part in a cooperative study with conspecifics 

(light-blue, D3R, D4R, D4B & RWY (Jelbert et al., 2015)), but no subjects had ever been required to 

attend to human actions or the movement of rewards.  
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5.2.2 Procedure 

5.2.2.1 Initial A-not-B test  

Birds were habituated to all elements of the test set-up and trained to remove cardboard lids 

from pre-baited cups. In all cases, bait was meat, which these crows do not appear to locate using 

olfactory cues (electronic supplementary material). They then received an A-not-B test. At the 

start of each trial three cups and three lids were placed on a table at the front of a 2.5 x 5 x 3 m 

cage (Figure 5.1). From outside the cage, the experimenter reached through a flap to bait one cup 

(A) and lid all three cups. When the bird chose the baited cup (A) three trials in a row, they 

received an A-not-B trial, where, after baiting A, the experimenter visibly took the reward out of A 

and moved it to B (ESM movie). To pass, birds had to choose cup B. To be comparable with 

MacLean et al. (2014) we followed the procedure for Eurasian jays, except that the 

experimenter’s body was concealed. This was necessary to minimize fear among our wild-caught 

birds.  

 

 

 

Figure 5.1. Diagram of the experimental set-up. The experimenter reached through a flap in the cage to 
bait and lid the cups. All walls were opaque. 



Chapter 5 

 

101 

 

5.2.2.2 Experimental Training (hand-tracking)  

Birds were assigned to one of two training conditions before the experiment began, balancing sex, 

age and boldness (Table 5.1, Appendix 4). All birds that failed the initial A-not-B test (which all 14 

birds did) then received training. Experimental subjects were trained to attend to the 

experimenter baiting one of three cups. On each trial, three cups and three lids were placed on 

the table, then, from outside the cage, the experimenter placed the reward on the table, lidded 

all three cups, then lifted each lid in turn, placing the reward in one cup. The rewarded cup, the 

order the lids were lifted, and whether the first, second or third cup touched was baited were 

pseudo-randomised. This ensured birds attended to the movement of the food, not to cues such 

as ‘which lid was touched last’. Subjects were trained until they achieved 9/10 correct trials with 

this procedure, or received 250 trials of any kind (including modified trials to overcome side 

biases or motivational problems).  

5.2.2.3 Control Training (reverse learning)  

Control subjects received a reverse colour learning task, conducted in the same location as hand-

tracking training, which required inhibitory control, but not attention to human actions of 

movement of rewards. Subjects had to inhibit choosing a previously rewarded container to 

succeed; therefore, any differences between experimental and control groups at test were 

unlikely to stem from experimental birds developing better self-control than the controls during 

training. On each trial, the experimenter placed two coloured tubes on the table, one containing a 

reward, then exited the room. Once birds learnt that one colour was rewarded (9/10 correct 

trials) the rewarded colour was reversed, and birds had to choose the previously unrewarded 

colour on 9/10 trials. Training continued until birds passed or received 250 reversal trials. 

5.2.2.4 Post-training five A-not-B tests  

Subjects that passed the training (3/8 experimental birds, 6/6 controls) then received five further 

A-not-B tests (procedure as before). The identity of the A and B cups (left, middle or right cup) 

changed for each test. 
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5.2.2.5 Choices 

For the A-not-B tests and hand-tracking training, choices were defined as the bird touching a cup 

or lid with its beak. In practice, all birds removed the lid of the first cup they touched making 

choices unambiguous. For reversal learning, choices were defined as obtaining the reward (if 

correct) or approaching, within 10cm, the open end of the empty tube (if incorrect), where the 

contents would be visible. Any ambiguous choices were recorded as incorrect. Birds were given 

time to consume rewards if obtained, but were only permitted to make one choice on each trial. 

This condition was relaxed for some birds during hand-tracking training if they lost motivation, in 

which case they were allowed to make multiple choices until their motivation increased. Trials 

were scored live by the experimenter (S.A.J. or assistant) and then from video by S.A.J. 

 

 

            Post-training A-not-B tests 

Bird Sex Age class Boldness 
Passed 1st           

A-not-B test? 
Passed 

training? Correct /5 
Order of 

successes 

Experimental group: hand-tracking     

White F Juvenile Bold N Y 5 11111 

RWY M Adult Medium N Y 3 01011 

D3R F Juvenile Bold N Y 2 01100 

Azzuro M Adult Medium N N  -   -  

Emma F Adult Bold N N  -   -  

Joe M Adult Medium N N  -   -  

Light 
Blue 

F Juvenile 
Bold 

N N  -   -  

D4R F Juvenile Medium N N  -   -  

Control group: reverse learning     

Red F Adult Medium N Y 1 00010 

D4G F Juvenile Medium N Y 1 00010 

D4B M Adult Bold N Y 0 00000 

Anton M Juvenile Medium N Y 0 00000 

Stella F Adult Bold N Y 0 00000 

Blue M Juvenile Bold N Y 0 00000 

 
Table 5.1. Subject information and performance. 
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5.3 Results 

All 14 subjects failed the initial A-not-B test. For the hand-tracking training, 3 out of 8 

experimental birds passed – taking 100, 150 and 190 trials. A further 3 birds reached 250 trials, 

and 2 had to be stopped at 150 trials due to motivation and time constraints. All control birds 

passed colour learning within 10-20 trials, then reverse learning within 40-70 trials (mean: 56.7). 

The three birds that passed the hand-tracking training also passed the majority of A-not-B tests, 

scoring 5/5, 3/5 and 2/5 (median: 3/5). One bird passed the first test, and all passed the second 

test. In contrast, the control birds failed almost every A-not-B test: four scored 0/5 and two 

scored 1/5, both passing the forth test only (median: 0/5, Table 5.1). The performances of the two 

groups were significantly different (Mann-Whitney U-test: U = 0, n1 = 3, n2 = 6, p = .02). 

 

5.4 Discussion 

Our results demonstrate that New Caledonian crows are more successful on the A-not-B task if 

they have been trained to retrieve rewards placed inside cups by a human demonstrator, 

compared to if they only receive training on an unrelated inhibitory control task. In our small 

sample, all three birds that learnt to track the demonstrator’s actions passed more A-not-B tests 

than all of the controls. Only one crow passed on the first trial; thus their performance was not 

perfect. However, if we compare these results to MacLean’s (bearing in mind that we conducted 

multiple tests per subject), New Caledonian crows that learnt to track hands rank joint 9th out of 

27 species, equivalent to long-tailed macaques, with 67% success. However, with just 7% success, 

New Caledonian crows that received reversal learning training rank second from last, surpassing 

only elephants (MacLean et al., 2014).  

Learning to track hands was difficult. Only three out of eight birds passed this training, which 

confirms that these crows struggle to follow human demonstrators. Given that the successful 

birds then passed more A-not-B tests, we should be cautious of the conclusion drawn from 

MacLean et al. (2014), that absolute brain size predicts self-control, particularly in relation to non-

primates. We do not know whether subjects could track hands before being given the A-not-B 

test; therefore, we do not know whether poor performance on this test reflects issues with hand-

tracking or issues with self-control. Indeed, several species that performed very poorly on the A-

not-B test display impressive self-control in other areas. Elephants wait up to 45 seconds for a 
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partner in a cooperative task (Plotnik et al., 2011) and both Eurasian and Western scrub jays can 

plan for the future (Cheke & Clayton, 2012; Raby et al., 2007). More generally, birds such as 

corvids, with very small absolute brain sizes, regularly rival apes or monkeys on cognitive tasks 

that place demands on self-control (Emery & Clayton, 2004; Taylor, 2014). 

Our results show that prior experience affects A-not-B task success. However, in addition to 

learning to track hands, our experimental group also had more experience with the A-not-B 

apparatus. This is unlikely to have driven our results because both groups were extensively 

trained to remove lids; however, our findings should be confirmed using identical apparatuses for 

both training tasks, and, more generally, by conducting studies with different tasks, training and 

greater sample sizes.  

Our findings provide a cautionary tale for future studies comparing cognitive test performances 

across multiple species. As demonstrated here, if subjects can fail a task for multiple reasons, 

variation in test performance will not reflect meaningful variation in cognition. We therefore 

suggest a three-fold approach for designing comparative tests. Lowering additional task demands 

to an absolute minimum is an important starting point (Seed et al., 2012). However, it is also 

critical to level the playing field from the bottom up by using baseline criterion training. Such 

training ensures that subjects can attend to all additional elements of the task, before tests of the 

desired cognitive ability begin. A third avenue is to adopt a  signature-testing approach, where not 

just problem solving successes, but also information biases, errors and limits, are compared 

across species (Taylor, 2014). By reducing task demands, using thorough baseline criterion 

training, and adopting a signature-testing approach, phylogenetic comparative studies can 

provide real insights into the evolution of cognition. 
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Chapter Six 
 
Mental template matching as a cultural transmission 
mechanism1  

 

Abstract  

Among humans, the cumulative evolution of technologies and traditions is claimed 

to be dependent on our unique capabilities for teaching, language and imitation 

(Dean et al., 2012; Morgan et al., 2015; Tennie et al., 2009; Tomasello, 1999). 

Examples of cumulative cultural evolution in nonhuman animals are rare. However, 

less elaborate cognitive mechanisms might allow some forms of cultural evolution 

in other species. Tool-making New Caledonian crows are exceptional in that they 

appear to have a material culture which has diversified and incorporated 

incremental improvements over time (Hunt & Gray, 2003). However, these crows 

seem to lack the capacity for imitation, teaching or language. One possibility is that 

their varied tool designs could be culturally transmitted if these crows acquire a 

mental tool template from observing their parent’s tools, and then reproduce this 

template in their own manufacture – a process analogous to avian song learning. If 

this hypothesis is correct these crows should have the capacity for mental template 

matching. Here, we tested whether New Caledonian crows exhibit mental template 

matching in a novel manufacture paradigm. Crows were first trained to drop paper 

into a vending machine to retrieve rewards. They later learnt that only items of a 

particular size (large or small templates) were rewarded. At test, despite being 

rewarded at random, and with no physical templates present, these crows 

manufactured items that matched the size of the previously rewarded templates. 

Thus, New Caledonian crows possess the cognitive machinery for mental template 

matching: a mechanism that could support the cumulative evolution of material 

cultures among this species and others. 

                                                           
1 Manuscript in preparation for Current Biology. 
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6.1 Results 

Cultural traditions are common in the animal kingdom (Laland, Atton, & Webster, 2011; Laland & 

Janik, 2006; Perry et al., 2003; van Schaik et al., 2003; Whiten et al., 1999), but cumulative cultural 

evolution is rare (Boyd & Richerson, 1996). Despite decades of study of animal traditions – such as 

the iconic sweet potato washing by macaques, or milk bottle opening by tits (Fisher & Hinde, 

1949; Kawai, 1965) – there is minimal evidence that these, or any other, animal traditions have 

evolved and accumulated improvements over time (Laland & Galef, 2009; Tennie et al., 2009). 

This contrasts sharply with findings from the human archaeological record. The technological 

transition from rudimentary Oldowan flaked tools, to the standardised form of Acheulean tools 

(exemplified in bifacial hand-axes), suggests that the cumulative evolution of technology occurred 

as early as 1.6 million years ago in our lineage (Stout, 2011). Several researchers have argued that 

a suite of adaptions were required to enable this ratchetting up of technologies and traditions, 

including our unique capacities for teaching, language and imitation (Dean et al., 2012; Morgan et 

al., 2015; Tennie et al., 2009; Tomasello, 1999). However, less elaborate cognitive mechanisms 

might offer an alternative route for some forms of cumulative cultural evolution (Caldwell, 2015). 

In the laboratory, transmission studies with human participants have demonstrated that 

cumulative improvements to manufactured artefacts can emerge, in certain tasks, if subjects are 

provided with only end-products that they can copy (emulation), rather than observing the 

processes used to create them (imitation) (Caldwell & Millen, 2009; Zwirner & Thornton, 2015). 

Thus, at least in artificial settings, it appears possible for cumulative culture to emerge among 

humans through processes other than imitation, teaching and language.  

Among non-human animals, the diversity of tools manufactured by New Caledonian crows are 

striking in that they show some of the hallmarks of cumulative cultural evolution (Hunt, 2014; 

Hunt & Gray, 2003). Across the island of Grande Terre, New Caledonian crows manufacture 

simple stick tools, hooked stick tools (Hunt & Gray, 2004a), and barbed pandanus tools of wide, 

narrow and stepped designs (Hunt, 1996). Differences in the tools manufactured in different areas 

have no obvious ecological correlates, and are known to have persisted over several decades 

(Hunt & Gray, 2003). The geographical distribution of these tools raises the possibility that more 

complex versions reflect incremental improvements to simpler designs; improvements that have 

been maintained and passed on to subsequent generations (Hunt & Gray, 2003). However, New 

Caledonian crows do not demonstrate the advanced forms of social learning, such as imitation, 
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that are currently thought necessary for cultural evolution (Holzhaider et al., 2010b; Logan et al., 

2015). Nor is there any evidence for the use of language or teaching in this species (Holzhaider et 

al., 2010a; Thornton & Raihani, 2008). An alternative possibility is that these crows might have 

arrived at cumulative cultural evolution via a different route. Tool designs could be transmitted 

and improved upon, without imitation, teaching or language, if these individuals were capable of 

mental template matching (Holzhaider et al., 2010a; Logan et al., 2015). Under this hypothesis, 

juvenile crows form a mental template of the tool designs made by their parents, and then copy 

this template when they learn to manufacture their own tools. The formation of a mental 

template would enable them to produce standardised tools when no other tools are present, and 

improvements made to a tool design during a crow’s lifetime could become part of the template 

learnt by subsequent generations. Mental template matching is therefore a specific type of end-

state emulation (Whiten et al., 2009), that could also allow for cumulative cultural evolution.  

Here, we test whether New Caledonian crows have the capacity for mental template matching 

using a novel manufacture paradigm. Eight New Caledonian crows learnt to drop squares of white 

paper into a vending machine to receive rewards (details in Experimental Procedures). They later 

learnt that only pieces of card of a specific size (either large: 40 x 60mm or small: 15 x 25mm) 

were rewarded. Having learnt which template was successful, birds received manufacture probe 

trials where very large sheets of card were provided, from which they could rip sections to drop 

into the vending machine. No templates were present during manufacture trials, and crows were 

rewarded at random for 50% of the items they manufactured and dropped into the vending 

machine. After manufacturing 20 pieces, they then learnt that the alternative size (large or small) 

was rewarded, and repeated the manufacture test. Conditions were counterbalanced across 

birds.   

We observed that New Caledonian crows spontaneously manufactured differently sized pieces of 

card after learning that either large or small templates were rewarded. The mean area of 

manufactured pieces was 2.47 times larger when birds previously learnt that a large, rather than a 

small, template was rewarded (LMM: p < .001, Figure 6.1). Individually, six of the eight birds 

significantly changed their manufacture technique across the two conditions (4 adults, 2 juveniles; 

Mann Whitney U-tests: p < .05, Figure 6.1), and the two birds that did not were both juveniles. 

There was a significant correlation between trial number and area in the large, but not small, 

condition (Pearson correlation: r = 0.245, n = 160, p = .002; Appendix 5: Figure 8.4).  This is 

consistent with subjects improving their manufacture technique over time, as occurs in the wild  
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Figure 6.1. Panel A: Scanned images of all pieces ripped by each bird after learning that ‘small’ or ‘large’ 
templates were rewarded. Condition order was counterbalanced. Example templates are provided on the 
left. From L-R: Emma, Joe, Stella, Azzuro, Anton, D3R, D4R, Blue, order as in Panel B. Panel B: Mean area of 
pieces ripped by each bird after learning that ‘small’ or ‘large’ templates were rewarded. Horizontal lines 
indicate the area of the small and large templates. Mann-Whitney U-tests: ***p <.001, **p <.01, *p <.05. 

 

(Holzhaider et al., 2010a). It is not consistent with trial-and-error learning. Given that birds were 

rewarded at random (irrespective of the size of the manufactured piece they inserted) and that 

there were no physical templates present during manufacture, the size of the manufactured 

pieces could only have been influenced by the crows’ prior experience: learning which of two 

differently sized templates was rewarded.  

Compelling evidence for the precision of mental template matching comes from the behaviour of 

Emma, an adult female. On a number of trials, after detaching a section of card, Emma modified 

its size before dropping it into the vending machine. This occurred on 5/20 trials in the large 

condition, and 1/20 trials in the small condition. In all cases, the modifications were made to 
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pieces that were longer than the template, and, following modification, resulted in a final piece 

that was more similar in length to the rewarded template (example in ESM Movie). Overall, the 

pieces Emma inserted into the vending machine were highly accurate. Based on their length and 

width, 39/40 pieces were more similar to the rewarded than the unrewarded template. Eighty-

three percent of Emma’s pieces were accurate to within 25% of either the length or width of the 

rewarded template and thirty-five percent matched both the length and the width of the correct 

template (Appendix 5: Figure 8.5). Modifications were made in the small condition by a further 3 

birds (Azzuro: 2, Stella: 1, Joe: 1), but Emma was the only bird to modify pieces in the large 

condition. 

 

6.2 Discussion 

Our results demonstrate that New Caledonian crows have the capacity for mental template 

matching. The New Caledonian crows tested here manufactured items that matched the size of a 

rewarded template, without being rewarded for doing so and without templates being present at 

the time of manufacture. Our results therefore provide strong support for a key prediction of the 

template matching hypothesis: that New Caledonian crows have the cognitive machinery to 

manufacture tools from a mental template. 

 Such a mechanism would be able to account for the cultural transmission of tool designs among 

New Caledonian crows in the wild. The tendency to acquire basis stick tool manufacture appears 

to be genetic among these crows (Kenward et al., 2006; Kenward et al., 2005). However, adult-like 

pandanus tool manufacture has not been observed in hand-raised birds (Hunt et al., 2007; 

Kenward et al., 2005), and in the wild it develops slowly over the first year of life (Holzhaider et 

al., 2010a). During this time, juveniles associate closely with their parents (Holzhaider et al., 

2011b; Hunt et al., 2012), regularly stealing their parents tools and using them to acquire food 

(Holzhaider et al., 2010a). This experience would provide ample opportunities for juveniles to 

form mental templates of their parents’ tools.  

The template matching hypothesis could also explain one of the most famous problem-solving 

performances of these birds. In 2002, Betty, a captive New Caledonian crow, spontaneously bent 

a piece of wire into a hook to pull a bucket out of a tube (Weir et al., 2002). She did not appear to 

possess a full causal understanding of the task (Weir & Kacelnik, 2006), but had successfully used 
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a pre-made hook on a small number of preceding trials. Thus, she could have formed a mental 

template of a hooked piece of wire, which she later reproduced, without fully representing the 

functionality of hooks. 

The mechanism we describe here is analogous to avian song learning. The acquisition of birdsong 

comprises a memorisation phase, during which a juvenile acquires a song template from listening 

to conspecifics, followed by a production phase, during which juveniles adjust their own 

vocalisations until they match that of the memorised template (Konishi, 1965; Slater, 1983). 

Notably, song learning is the only domain for which there is irrefutable evidence for the evolution 

of cultural traditions among animals over time (Grant & Grant, 1996; Marler & Slabbekoorn, 2004; 

Slater, 1986; Whitehead & Rendell, 2014). New Caledonian crows are vocal learners and display 

cultural call variation in the wild (Bluff, Kacelnik, & Rutz, 2010). Thus, given that these birds 

possess the neural architecture for memorising and reproducing calls (Bolhuis & Gahr, 2006), and 

in light of our findings, we hypothesize that similar mechanisms enable them to memorise and 

reproduce material artefacts. 

Whether a capacity for mental template matching would be able to support the cultural 

transmission and evolution of tool designs depends on its transmission fidelity. Template 

matching may not produce sufficiently high fidelity transmission by itself, but could be scaffolded 

by other mechanisms (Galef, 1995). Our task likely underestimated the fidelity with which tool 

designs could be transmitted via a template matching mechanism in the wild. First, we supplied 

birds with card, which does not rip in a wholly predictable manner and was difficult for these 

crows to manipulate using only their beak and feet. In contrast, pandanus rips in straight lines due 

to the veins that run parallel to its leaf edges. Thus, the materials these crows use to manufacture 

tools in the wild may serve to minimise variation and constrain the range of final forms a tool can 

take. Second, the designs we provided here were arbitrary and rewarded at random. In the wild, 

producing functional tools has high adaptive significance (Rutz et al., 2010) and non-functional 

deviations would not be reinforced. There is suggestive evidence that different tool designs made 

by wild New Caledonian crows are associated with different foraging strategies. This may bolster 

the transmission of specific tool designs (Hunt, 2014). 

Among humans, many of the clearest examples of cumulatively evolved traditions are cognitively 

opaque (Boyd, Richerson, & Henrich, 2011). That is, it is difficult to infer how a product was 

constructed simply from viewing its final form (Gergely & Csibra, 2006). This is the case for 
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Acheulean stone tools, where the precise technique used to strike a core is not apparent from 

inspection of the tool itself. In these instances it is evident that mechanisms such as teaching, 

language and imitation are required to accurately pass on manufacture techniques (Derex, 

Godelle, & Raymond, 2013; Morgan et al., 2015; Schillinger, Mesoudi, & Lycett, 2015; 

Wasielewski, 2014). However, many situations are more cognitively transparent. The creation of 

pandanus tools by cutting and ripping a leaf edge likely falls into the latter category, and in these 

cases emulative processes could be sufficient to enable cumulative cultural evolution. This has 

been demonstrated in the laboratory in human transmission studies using cognitively transparent 

tasks, including constructing paper planes (Caldwell & Millen, 2009) or baskets to transport rice 

(Zwirner & Thornton, 2015), where cumulative improvements to the product’s design emerged 

over time. Prior to the emergence of stone tools, it is likely that hominin tool behaviour involved a 

greater proportion of cognitively transparent behaviours (Panger et al., 2002), and emulative 

processes may have played an important role in their transmission (Zwirner & Thornton, 2015). 

Here, we provide the first demonstration, to our knowledge, that a non-human, tool-making 

species can manufacture items that match the form of previously rewarded templates. This 

capacity for manufacture via emulation, through a mental template matching mechanism, may 

reflect one of the minimal cognitive requirements for the emergence of a cumulative material 

culture.  

 

6.3 Experimental Procedures 

6.3.1 Subjects 

Subjects were 8 wild New Caledonian crows, caught and temporarily housed in an 11-cage 

outdoor aviary on Grande Terre, New Caledonia. Based on sex-size dimorphism (Kenward et al., 

2004) 4 birds were female. Based on mouth colouration 4 birds were juveniles less than 2 years 

old (Blue, Anton, D3R, D4R). Two pilot birds were caught and tested in 2014 (D3R, D4R), and six 

birds were caught and tested in 2015. All birds were released at their site of capture after testing. 

These subjects were caught from areas with no obvious pandanus bushes, and they did not 

manufacture tools from pandanus or use provided pandanus strips as tools in the aviary; thus it is 

unlikely that these birds manufactured pandanus tools in the wild.   
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6.3.2 Apparatus 

The vending machine was a 33 x 30 x 20 cm wooden box with a 6.3 x 3cm slot in its top surface 

into which the crow could insert items. Rewards (bottle caps containing meat) were dispensed 

from an adjacent slot by the experimenter at the push of a button from outside the cage.  

6.3.3 Pre-training 

Subjects were first trained to drop stones, then white paper squares (35 x 35 mm, 80GSM paper), 

into the vending machine to receive rewards.  They then received a spontaneous ripping test. 

Subjects received 10 x 2-minute trials in which large sheets of white paper (10-15 cm²) were 

provided, from which they could manufacture items to drop into the vending machine. Half of the 

birds ripped sections from these sheets without training, the remainder were shaped to rip paper. 

In shaping trials birds received partially ripped sheets, and the quantity of rips were decreased 

until the bird would tear sections from unmodified white paper sheets. All manufactured items 

dropped into the dispenser were rewarded, and birds manufactured and inserted at least 24 

pieces of paper at this stage. The birds then experienced that only certain items were rewarded in 

a colour discrimination test. 6 of 8 birds learnt to drop only a rewarded colour of paper into the 

vending machine within 30 training blocks, and then received a manufacture test. Sheets of both 

the rewarded and unrewarded colours were presented; subjects were rewarded for 

manufacturing items from the correct colour only. All birds, except Blue, passed with at least 

19/24 correct choices (binomial test: p < .05). Following this, and immediately prior to the 

experimental training all birds (except the first pilot bird: D3R) were required to manufacture 20 

pieces from card (160GSM).  

6.3.4 Experimental Training Procedure 

To assess whether New Caledonian crows were capable of template matching, birds were trained 

that either large (40 x 60mm) or small (15 x 25mm) pieces of card could be inserted into the 

vending machine to obtain rewards. On each block 8 large and 8 small pieces were placed on the 

table next to the vending machine. Birds could drop pieces into the vending machine until all 8 of 

the rewarded size were inserted, at which point the block ended. Training continued until the 

subject inserted all pieces of the rewarded size and none of the unrewarded size into the vending 

machine on 5 consecutive blocks (this criterion was set at only 2 consecutive blocks for the pilot 

birds: D3R & D4R). 
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6.3.5 Manufacture Test Procedure 

Over the course of the test trials birds were given the opportunity to manufacture 20 pieces of 

card and drop them into the dispenser. At the start of each block the bird received a reminder 

trial where 2 large and 2 small pieces were placed on the table and the bird could drop the correct 

options into the vending machine to receive rewards (ESM Movie). If a bird made a mistake 

during a reminder trial the test was abandoned and the bird reverted to training trials until they 

completed one block with no mistakes. Birds then received a manufacture trial where they were 

given two sheets of card with which they could manufacture items: one loose sheet (10 x 10 cm), 

and one secured under two wooden blocks (accessible section: 21 x 16 cm, Appendix 5: Figure 

8.3). The loose sheet was too large to fit into the slot in the vending machine without being torn. 

No templates were present during manufacture trials. Subjects were allowed to rip up either 

piece of card and insert the ripped pieces into the vending machine. Subjects were rewarded on 

50% of trials, regardless of the size of the piece they inserted. To maintain motivation all subjects 

(except the first pilot bird: D3R) were permitted to rip multiple pieces per trial. Testing continued 

until birds made 20 pieces, which took 4-10 blocks per bird. Each block comprised of 3 reminder 

trials, alternating with 2 manufacture trials. Once birds had completed one size, they were then 

trained that the alternative size was rewarded, using a new colour of card, and the manufacture 

test was repeated. Condition order was counterbalanced across birds.  

6.3.6 Analysis 

All sections of paper and card ripped by the birds were collected and scanned. Given the quantity 

and the non-uniform shapes of the ripped pieces a python script utilizing the openCV computer 

vision library was employed to measure their area and key dimensions. The scanned images were 

first run through a thresholding algorithm that separated each piece from the background image 

before being processed by a contour finding algorithm, which programmatically determined the 

borders of each piece. From this information, the area of each piece was calculated, first in pixels, 

and then translated into millimetres. Two bounding boxes were also calculated. The first specified 

the maximum and minimum X and Y coordinates of each piece, the second determined the 

bounding box of best fit (defined by the rectangle with the lowest surface area), by algorithmically 

rotating a bounding rectangle around each piece. The length and width of this bounding box were 

used as an approximation of the length and width of the non-uniform ripped pieces, with the 

longest side labelled as the ‘length’. The accuracy of both the analysis and the translation 
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between units was assessed through visual inspection of the produced output and comparing the 

outputs to a ground truth, which in this case was a set of shapes cut with predefined sizes. 

Measurements were accurate to within 0-2mm.  

Statistical analyses were conducted in SPSS v. 21. To determine whether birds manufactured 

pieces of different sizes in the small or large conditions we fit a linear mixed effect model on area 

(log-transformed for normality), with condition (small or large) as a fixed effect and bird as a 

random effect. Mann-Whitney U-tests determined whether individual birds manufactured 

differently sized pieces in the small and large conditions, and Pearson’s correlations tested for 

order effects. To determine whether birds matched the specific dimensions of the templates, the 

measurements of the template pieces (large: length = 60 mm, width = 40 mm; small: length = 25 

mm, width = 15 mm) were subtracted from the length and width of each manufactured piece. The 

differences in each dimension were summed to give a measure of deviation from the large and 

small templates, respectively.  
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Chapter Seven  
 
                                            Concluding Remarks 

 

 

New Caledonian crows are a remarkable species of bird, capable of manufacturing and using 

complex tools in the wild (Hunt, 1996). They also demonstrate a causal understanding of tool use 

in captivity (Taylor et al., 2009b). As a member of the large-brained corvid family, these birds have 

been collectively referred to as ‘feathered apes’ (Emery & Clayton, 2004). In Chapter 1 I raised the 

question of whether ‘feathered apes’ is a good description of corvid cognition. Is it the case that 

these birds possess a suite of cognitive abilities, comparable in breadth and complexity to that of 

the great apes? Or does the corvid family comprise a number of species that have each evolved a 

smaller number of specific cognitive adaptations, perhaps in response to the different 

evolutionary challenges they have faced?   

In this thesis, I reported the results of five experimental studies, each tapping different elements 

of cognition among New Caledonian crows. The results of this research help us to evaluate the 

extent to which cognitive abilities have evolved convergently among corvids and apes. In this final 

chapter, I summarise my key findings, discuss the implications of this work and highlight some of 

the most valuable directions for future research.  

 

7.1 Summary of the main findings 

In Chapter 2 I used the Aesop’s Fable paradigm to examine causal reasoning among New 

Caledonian crows. These crows preferred to drop stones into water rather than sand and to drop 

stones into tubes with a high water-level, rather than low water-level. They discriminated 

between objects that sank (and were therefore functional) and similarly looking objects that 

floated (and therefore had no effect on the water level). They also discriminated between solid 

objects which displaced a lot of water, and hollow wire structures of the same size and weight 
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that displaced only a small amount of water. However, these crows failed two more challenging 

tasks, including differentiating between wide and narrow tubes, and choosing the connecting 

tube on the counter-intuitive U-tube apparatus. Combined with previous findings that these birds 

do not learn to associate tubes or objects with rewards in a search task (Taylor et al., 2011a), 

these results suggest that New Caledonian crows possess a sophisticated, but incomplete, 

understanding of the causal properties of water displacement. Thus, New Caledonian crows 

appear to be able to reason about causal relations outside of the context of stick tool use and 

manufacture.   

In Chapter 3 I demonstrated that New Caledonian crows can reason by exclusion. To date, prima 

facie evidence for this form of reasoning has been found in tasks conducted with a range of 

different species, including great apes, capuchins, baboons, parrots, dogs, goats, and some 

corvids (Aust et al., 2008; Call, 2004; Call & Carpenter, 2001; Erdőhegyi et al., 2007; Hill et al., 

2011; Mikolasch et al., 2011, 2012; Nawroth et al., 2014; Pepperberg et al., 2013; Premack & 

Premack, 1994; Sabbatini & Visalberghi, 2008; Schloegl et al., 2009; Schloegl et al., 2012; Schmitt 

& Fischer, 2009; Tornick & Gibson, 2013). However, the majority of these studies have had limited 

power to demonstrate whether or not an animal is actually reasoning. Here, I compared the 

observed performance of New Caledonian crows to the performance that would be expected if 

subjects had followed either a strategy of reasoning by exclusion, or a strategy of avoiding empty 

containers. Using this procedure I demonstrated that avoidance was unable to account for the 

performance of at least two of these New Caledonian crows. Thus, it seems that these crows are 

able to reason by exclusion.  

In Chapter 4 I investigated whether New Caledonian crows possessed cooperative cognition. Do 

they understand the role of their partner in a cooperative task? And do these crows demonstrate 

sensitivity to inequity? New Caledonian crows were able to spontaneously produce a 

collaborative solution to a task that they could not solve individually. All subjects passed a stone 

into a connected cage, where it was accessible to their partner, and their partner then dropped 

the stone into the cooperative apparatus to obtain rewards for both birds. However, these crows 

did not appear to solve this task using an understanding of how cooperation works. Subjects 

behaved no differently in conditions where there was and was not a partner present. They also 

failed to demonstrate sensitivity to inequity. These results raise the possibility that the advanced 

physical cognition found among tool-making New Caledonian crows has not evolved in 

combination with advanced social cognition.  
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In Chapter 5 I assessed the performance of two groups of New Caledonian crows on the A-not-B 

task, previously used to compare levels of self-control among 36 different species in a large-scale 

comparative study (MacLean et al., 2014). Subjects that had been trained to attend to the 

movements of human demonstrators were more successful on the A-not-B task than subjects that 

had only received reversal learning, an unrelated task that involved inhibitory control. These 

results suggest that the almost unanimous failures of non-primates on the A-not-B task in 

MacLean’s study could have stemmed from failures to attend to the actions of the demonstrator, 

rather than poor self-control. The results of this study not only bring into question whether 

absolute brain size truly predicts self-control, but also highlight the importance of using baseline 

tests when making large-scale species comparisons. In terms of the cognition of New Caledonian 

crows, we can see that they do possess (at a minimum) reasonable levels of self-control, but, 

unlike great apes, they do not attend to the movements of a human demonstrator.  

Finally, in Chapter 6 I demonstrated that New Caledonian crows have the cognitive capacity for 

mental template matching. After learning that either small or large templates could be dropped 

into a vending machine to obtain rewards, these crows spontaneously manufactured items from 

card that matched the size of previously rewarded templates. This occurred without the crows 

being rewarded for doing so and without the templates being present at the time of manufacture. 

Their behaviour could only have been influenced by their prior experience: learning which of two 

differently sized templates was rewarded. This capacity for mental template matching could 

account for the cultural transmission of tool designs in this species. Indeed, mental template 

matching may reflect one of the minimal cognitive requirements that would allow for the 

emergence of a cumulative culture.  

 

7.2 Beyond Feathered Apes? Building a picture of cognition in New Caledonian 

crows 

The more we learn about New Caledonian crows the picture builds of a species that shares several 

features in common with great apes, but also exhibits a large number of differences. From the 

studies reported in this thesis, as well as prior work, there is growing evidence that these birds 

possess causal reasoning abilities (St Clair & Rutz, 2013; Taylor et al., 2009b) that are not limited 

to the context of stick tool use (Chapter 2). These crows also appear to possess inferential 
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reasoning abilities, including hidden causal agent reasoning (Taylor et al., 2012b) and reasoning by 

exclusion (Chapter 3). It is possible that there may be simpler associative explanations for the 

performances observed here, as is the case for almost all studies of animal reasoning (Penn et al., 

2008). But, with this is mind, the physical cognition and reasoning abilities of New Caledonian 

crows bear remarkable similarities to those of the great apes.  

Differences emerge when we consider New Caledonian crows’ social cognition.  These crows did 

not appear to understand the role of their partner on a cooperative task (Chapter 4), which 

stands in contrast to the behaviour of chimpanzees in a similar situation (Melis et al., 2006b). 

Furthermore, on the A-not-B task, great apes performed excellently. 40/43 great apes passed in 

MacLean’s study (MacLean et al., 2014), which is in line with previous experiments (Amici, Aureli, 

& Call, 2008; Barth & Call, 2006). In contrast, New Caledonian crows failed the A-not-B task, 

unless they were explicitly trained to attend to the movement of food by a human demonstrator 

(Chapter 5). Other non-primate species also fail tasks involving human demonstrators, where 

great apes continue to perform well (Call, 2004; Erdőhegyi et al., 2007; Mikolasch et al., 2012; 

Nawroth et al., 2014; Shaw et al., 2013). Thus, it may be the case that great apes, and other 

primates, are unusual in the animal kingdom. They appear to possess an uncommon ability to 

extract relevant information from observations of the actions of a human demonstrator.  

Finally, the finding that New Caledonian crows are capable of mental template matching (Chapter 

6) further suggests that there are differences in the extent to which New Caledonian crows and 

apes use advanced social cognition. Among humans, a suite of social cognitive abilities are 

thought to underpin the emergence and maintenance of a cumulative culture, including imitation, 

teaching and language (Tennie et al., 2009). New Caledonian crows are not known to imitate 

(Logan et al., 2015), nor do they teach and nor do they possess language. The mental template 

matching hypothesis raises the possibility that, if these crows do possess a cumulative culture, in 

contrast to humans, it may have emerged through a substantially less social route.  

Clearly, further research is needed to understand the social cognition mechanisms that these 

crows do possess. For example, the results reported here cannot allow us to firmly claim that New 

Caledonian crows would fail to understand inequity aversion or cooperation in all possible 

contexts. Indeed, it is possible that these birds might display more sophisticated social cognition 

in situations in which they have not yet been tested (and directions for this line of research are 

suggested in section 7.4.1).  However, research conducted to date suggests that New Caledonian 
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crows are characterised by a profile of advanced physical, but potentially not social, cognitive 

abilities. When compared to the breadth of cognitive abilities thought to be possessed by the 

great apes – spanning mental time travel, physical cognition, social cognition and inferential 

reasoning (Chapter 1) – it seems fair to determine that these birds do not fully match the label of 

‘feathered apes’.  

It remains possible that other corvids species might be more similar to our closest primate 

relatives, than are New Caledonian crows. However, the pattern of failures (as well as successes) 

that emerged over the course of the experiments reported here, is consistent with the possibility 

that advanced physical cognition among New Caledonian crows reflects an adaptive 

specialisation, in response to the evolutionary pressures of tool manufacture and use (Byrne, 

1997).  

7.2.1 Adaptive Specialisations 

The idea that New Caledonian crows may have evolved a smaller number of more specialised 

cognitive abilities – rather than the full range of cognitive abilities possessed by the great apes – is 

plausible. New Caledonian crows have developed a number of morphological specialisations that 

are thought to have facilitated their use of tools, including a straight bill and extreme binocular 

vision (Troscianko et al., 2012). Although basic stick tool manufacture is genetic (Kenward et al., 

2006; Kenward et al., 2005), many other elements of their tool manufacture and use appear to be 

under cognitive control (Holzhaider et al., 2010a). Thus, cognitive specialisations – enhancing their 

physical cognition and reasoning abilities – could have enabled these crows to produce or use 

tools more effectively, or to generalise their tool behaviours towards a wider range of materials 

and prey (St Clair et al., 2016).  

In support of an adaptive specialisation account, in one of the few direct comparisons to date, 

New Caledonian crows outperformed a non-tool-using corvid species (carrion crows) on a test of 

physical cognition, but not general learning ability (Teschke et al., 2013). This discrepancy is not 

characteristic of all tool-users, as a similar pattern was not found among tool-using woodpecker 

finches, compared to their non-tool-using relatives (Teschke et al., 2011). The cognitive abilities of 

New Caledonian crows may therefore stand in contrast to other corvid species, particularly more 

gregarious species (such as ravens), or species that exhibit specialised caching (such as Eurasian 

jays and Western scrub jays). Episodic-like memories, future-oriented behaviours, and elements 
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of theory of mind, have been demonstrated among these corvid species (reviewed in Chapter 1), 

but to date, such none of these abilities have been identified among New Caledonian crows 

(although, of course, neither is there convincing evidence of absence). 

There are a few reasons that preclude us from firmly accepting an adaptive specialisation 

hypothesis at present. In addition to our limited understanding of the full range of cognitive 

abilities that may or may not be possessed by New Caledonian crows, there are limitations in our 

understanding of cognition among other corvids. To date, most of the research into causal 

reasoning among corvids has been conducted with New Caledonian crows only. Aside from the 

results of Teschke et al. (2013), it is unclear how these crows would compare to other members of 

the corvid family. Yet, there is growing evidence that rooks also demonstrate impressive 

performances on tests of physical cognition in the laboratory (Bird & Emery, 2009a; Bird & Emery, 

2009b; Bird & Emery, 2010; Seed et al., 2006; Tebbich et al., 2007). Therefore, whether or not the 

physical cognition of New Caledonian crows is indeed more advanced than other corvids remains 

to be borne out in future comparative studies.  

 

7.3 Comparative cognition: Implications for large-scale multi-species 

comparisons 

Large-scale, multi-species comparisons of cognitive abilities are likely to be the future of 

comparative psychology. To date, these approaches have been fruitfully applied to investigate the 

evolution of a number of different cognitive abilities among various different taxa. For example, 

Stevens (2014) determined that body size, and a suite of related factors, appear to be most 

important for the emergence of delay of gratification among primates. Similarly, MacLean et al. 

(2013) used performance on a battery of tests to determine that social – but not non-social – 

cognitive abilities are related to social group size among lemurs. Using a similar approach, 

Benson-Amram et al. (2016) recently identified a link between relative brain size and problem-

solving abilities among 39 different carnivore species.  

Given the value of this approach – as demonstrated with other families of animals – large-scale 

comparative studies could also be used to understand the evolutionary pressures that contributed 

to various cognitive abilities among corvids. For example, physical cognition could be assessed by 

testing multiple corvids species on a battery of tests, assessing perhaps their understanding of 
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connectivity, support or other causal relations. A comparative study of this kind would provide us 

with the clearest insights into whether or not physical cognition among New Caledonian crows is a 

specific adaptive specialisation.  

However, as demonstrated in Chapter 5, large-scale comparisons of cognitive test performance 

must be undertaken with care. It can be notoriously difficult to interpret the causes of successes 

and failures on cognitive tasks (Seed et al., 2012), as we can only infer the existence of the 

cognitive mechanism that we aim to test. In Chapter 5 we suggested that minimising additional 

task demands and using baseline criterion training would serve to make the results of 

comparative cognitive tests more meaningful. We also advocated employing a signature-testing 

approach to look for information processing biases, errors or limits rather than solely problem-

solving successes.  

These concerns can also be minimised by limiting our comparisons to the test performance of 

closely related species, such as corvids, rather than species from across the range of mammals 

and birds. Whatever difficulties arise in interpreting cognitive test performances among the same 

or similar species (such as differences in motivation, perception or attention (Rowe & Healy, 

2014)), these are magnified the more distantly related these species become. Because of this, it 

may not be feasible, practical or indeed useful to compare distantly related species on identical 

cognitive tasks.  

It remains possible, however, to address broad evolutionary questions, by questioning these 

relationships on a smaller scale. We can attempt to understand the evolution of cognition by 

assessing a particular cognitive ability – such as the capacity for self-control – among separate 

groups of animals; in each case using tasks that are specifically tailored towards tapping that 

ability in this group of animals. As outlined in the previous examples, we can then examine what 

morphological, ecological or social factors might account for variation among these species, and 

after conducting a number of such studies we may find that general patterns emerge. Thus, 

comparisons of the cognitive abilities of specific groups (such as corvids) provide not just insights 

into the abilities of those species, but may also be the most effective way to address broad 

questions about the evolution of cognition across the animal kingdom.  
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7.4 Directions for future research into New Caledonian crow cognition 

In addition to the implications for comparative studies, the results reported in this thesis point to 

a number of directions for future research that would allow us to gain a better understanding of 

cognition among New Caledonian crows. There are a number of small steps that we could take to 

understand some of the abilities demonstrated here, such as assessing how these crows perform 

on other tests of inferential or causal reasoning. Penn et al. (2008) provide a number of exemplar 

tasks which could be used to demonstrate reasoning among animals (and could be adapted for 

use with corvids), and in a separate paper I have discussed some of the ways in which the Aesop’s 

Fable paradigm can provide us with a greater understanding of causal reasoning (Jelbert, Taylor, & 

Gray, 2015). Therefore, I will not discuss these tasks further here. In the remainder of this chapter 

I will conclude this thesis by highlighting two broader directions for future research. Here, I will 

address the two largest caveats in our current understanding of New Caledonian crows: their 

social intelligence, and the question of their cumulative material culture.  

7.4.1 Social cognition 

The results of Chapter 4 indicated that these birds do not possess cooperative cognition. 

However, our understanding of social intelligence in New Caledonian crows remains limited. 

Although these birds did not demonstrate advanced social cognition on this cooperative task, we 

do not know the extent to which they use social cognition in other situations. Thus, I suggest two 

directions for future research into the social cognition of New Caledonian crows. 

The first is to gather greater information about the social behaviour of New Caledonian crows in 

the wild. To date, one long-term observational study (Holzhaider et al., 2011b) has catalogued the 

social structure of New Caledonian crows. However, these shy forest birds are notoriously difficult 

to study in their natural habitats. Developments in technology may provide the solution to this 

problem by creating a means to glimpse the natural world of New Caledonian crows without 

interference. Christian Rutz and colleagues have developed animal-bourne proximity loggers 

which have recently been used to map the social networks of these crows (Rutz et al., 2012; St 

Clair et al., 2015). This team have also attached mini cameras to a number of wild crows, which, to 

date, have captured footage of New Caledonian crows manufacturing and using hooked tools, as 

well as performing social behaviours such as feeding offspring in the nest (Rutz et al., 2007; Rutz 

et al., 2012; Troscianko & Rutz, 2015). Thus, the clever use of technology, rather than human 
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observations, could be the key to examining the complexity of social relationships among these 

crows. Observational studies of other corvids, such as ravens, have revealed a wealth of social 

intriguing behaviours and remarkable social complexity (Bugnyar, 2013). Understanding the 

quality of relationships between pairs of New Caledonian crows – as well as between other 

individuals – will provide us with a firm footing from which to determine whether these crows 

have a need for advanced social cognition.  

The second direction is to study the social cognition of New Caledonian crows, in an aviary setting, 

on a broader range of ecologically relevant tasks. For example, among corvids, some of the 

clearest instances of advanced social cognition have been found in the context of caching 

(reviewed in Chapter 1). Although New Caledonian crows are only moderate cachers, these birds 

do hide food items over short periods of time. It may therefore be possible to induce these crows 

to cache food in the aviary and assess whether they display any of the cognitive cache-protection 

strategies observed among other corvids, such as Western scrub-jays, Eurasian jays and ravens 

(Bugnyar et al., 2016; Dally et al., 2006; Legg & Clayton, 2014).  

New Caledonian crows also cache tools, keeping them ‘safe’ for later use (Klump et al., 2015). 

Given that tools, especially hooked tools, take time to produce (Hunt & Gray, 2004a), and that 

juveniles often take tools made by their parents or other birds (Holzhaider et al., 2010a), it is 

plausible that these crows might engage in tool-protection strategies. To minimise wasted time 

due to theft of a tool, New Caledonian crows might keep hold of their tools while conspecifics are 

present, positioning them under foot, but place them into crevices when conspecifics are absent 

and the risk of theft is lower. Investigating the cognitive abilities that underpin naturally occurring 

conflicts, in addition to investigating the complexity of their relationships, would provide us with a 

clearer indication of whether or not New Caledonian crows share any of the advanced social 

cognitive abilities thought to be possessed by other corvids.   

7.4.2 Cumulative material culture 

The other significant line of enquiry raised by the results of this thesis concerns the possibility that 

these birds possess a cumulative material culture. In Chapter 6 I demonstrated that New 

Caledonian crows have the capacity for mental template matching. However, these results are 

only the first step in establishing whether a mental template matching mechanism could account 

for the transmission of New Caledonian crows’ tool designs in the wild. To determine whether this 
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ability could account for a cumulative culture, it is crucial to know to what extent mental template 

matching can support high fidelity transmission. 

There are reasons to believe that the current study underestimated the fidelity with which mental 

template matching mechanism can enable the transmission of tool designs. Card was difficult for 

these crows to rip and, unlike pandanus leaves, does not tear in predictable, uniform ways. It 

would therefore be highly interesting to provide New Caledonian crows with materials that can be 

manipulated more precisely. For example, given that New Caledonian crows are able to bend wire 

into new shapes (Weir et al., 2002; Weir & Kacelnik, 2006), we could assess the precision with 

which they can replicate wire designs varying in size, shape and complexity.  

Furthermore, as discussed in Chapter 6, a mental template matching mechanism may not be 

sufficient to enable high fidelity transmission by itself, and may be scaffolded by other 

mechanisms. Therefore, to more closely reflect natural conditions, pandanus leaves (or other 

natural plant materials) could be used to assess whether naïve crows will reproduce the specific 

tool designs manufactured by populations of wild crows, via a mental template matching 

mechanism. Following this, cultural diffusion studies – using the products of one crow as the 

templates for the next (Aplin et al., 2015; Whiten & Mesoudi, 2008) – could assess whether 

designs can be passed through chains of individuals with sufficient fidelity to be maintained.  

To date, we know that New Caledonian crows have the capacity for mental template matching. 

These extensions would provide us with a clearer picture of whether mental template matching 

has led to the emergence of a cumulative culture among New Caledonian crows.  

 

7.5 Final Remarks 

To conclude, over the course of this thesis, I reported the results of five experimental studies 

designed to tap different cognitive abilities among New Caledonian crows. These birds 

demonstrated a sophisticated, but incomplete, causal understanding of water displacement in the 

Aesop’s Fable task, and appear to be capable of inferential reasoning by exclusion. However, they 

did not understand the role of a partner in a cooperative task, nor did they demonstrate an 

aversion to inequity, and they struggled to track the hand-movements of human demonstrators in 

a test of self-control. Most strikingly, I demonstrated that New Caledonian crows have the 
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capacity for mental template matching, a mechanism that could explain the cultural transmission 

and evolution of tool designs among these species, without teaching, language or imitation.  

In contrast to the great apes, New Caledonian crows appear to be characterised by a profile of 

advanced physical cognition and reasoning abilities, but potentially more limited social cognition. 

Their current levels of physical cognition may reflect an adaptive specialisation in response to the 

evolutionary pressures that surround their manufacture and use of tools for extractive foraging. 

Understanding the breadth and flexibility of cognition among individual corvid species, provides 

us with a window into how intelligence evolves. Looking forwards, research that elucidates the 

transmission fidelity of a template matching mechanism and probes the extent of their social 

cognition, will grant us a deeper understanding of cognition among New Caledonian crows. 
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8.1 Appendix 1 – List of online supplementary materials 

Supplementary figures, methods and small data tables have been reproduced in later appendices. 

Movies and large data sets can be found in the following online locations: 

 

Chapter 2 

Jelbert, S. A., Taylor, A. H., Cheke, L. G., Clayton, N. S. & Gray, R. D. (2014) Using the Aesop’s Fable 

paradigm to investigate causal understanding of water displacement by New Caledonian crows. 

PLoS ONE 9(3): e92895. doi:10.1371/journal.pone.0092895. 

ESM: Movie, Data 

http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0092895#s5 

https://www.youtube.com/watch?v=ZerUbHmuY04 

 

Chapter 3  

Jelbert, S. A., Taylor, A. H. & Gray, R. D. (2015) Reasoning by exclusion in New Caledonian crows 

(Corvus moneduloides) cannot be explained by avoidance of empty containers. Journal of 

Comparative Psychology 129(3), pp. 283—290. doi:10.1037/a0039313 

 

ESM: Movie, Data 

http://supp.apa.org/psycarticles/supplemental/a0039313/a0039313_supp.html 

 

 

 

 

http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0092895#s5
https://www.youtube.com/watch?v=ZerUbHmuY04
http://supp.apa.org/psycarticles/supplemental/a0039313/a0039313_supp.html
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Chapter 4 

Jelbert, S. A., Singh, P. J., Gray, R.D. & Taylor, A. H. (2015) New Caledonian crows rapidly solve a 

collaborative problem without cooperative cognition. PLoS ONE 10(8): e0133253.  

doi:10.1371/journal.pone.0133253 

 

ESM: Movie, Data 

http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0133253#sec023 

https://www.youtube.com/watch?v=OKB52Ou6bts 

 

Chapter 5 

Jelbert, S. A., Taylor, A. H. & Gray, R. D. (2016) Does absolute brain size really predict self-control? 

Hand-tracking training improves performance on the A-not-B task. Biology Letters 12: 20150871. 

doi:10.1098/rsbl.2015.0871 

 

ESM: Movie, Data, Supplementary Methods 

http://dx.doi.org/10.1098/rsbl.2015.0871 

 

 

Chapter 6  

Jelbert, S. A., Taylor, A. H., Hosking, R. J. & Gray, R. D. (in preparation) Mental template matching 

as a cultural transmission mechanism. 

 

ESM: Movie 

https://www.youtube.com/watch?v=ldTlx48rAu0  

 

  

http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0133253#sec023
https://www.youtube.com/watch?v=OKB52Ou6bts
http://dx.doi.org/10.1098/rsbl.2015.0871
https://www.youtube.com/watch?v=ldTlx48rAu0
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8.2 Appendix 2 – Supplementary Figures for Chapter 2 

Using the Aesop’s Fable paradigm to investigate causal understanding of water 

displacement by New Caledonian crows 

 

 

 

 

 

Figure 8.1: Diagrams of the training apparatus. Two apparatuses were used to train birds to drop stones 
down tubes. A: a baited platform – held in place with magnets – would collapse when a stone was dropped 
in the tube. B: a pivotal platform – with hidden counterbalancing weights – would swing downwards when 
2-4 stones were dropped down the tube. 
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Figure 8.2: Trial-by-Trial performance for each bird (Experiments 1-6). 

Experiment 1: Sand vs. Water 

 

 

Experiment 2: Light vs. Heavy 
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Experiment 3: Solid vs. Hollow 

 
 

Experiment 4: Narrow vs. Wide 
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Experiment 5: High vs. Low water level 

 
 

Experiment 6: U-tube 
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8.3 Appendix 3 – Supplementary Data for Chapter 4 

New Caledonian crows rapidly solve a collaborative problem without 

cooperative cognition 

 

 

Test 1b: Number of stones passed /10 

Bird Naïve  
Low 

Equity 
High 

Equity Low Inequity High Inequity 
Super 

Inequity 

RGR Y 1 9 2 9 6 

BWB N 3 8 9 8 9 

OBB N 10 10 10 10 10 

YBB Y 8 9 10 10 9 

OGG Y 7 6 8 9 9 

GBG N 6 10 7 7 10 

 
Test 2c: Number of stones passed /10 

Bird Naïve  
Low 

Equity 
High 

Equity 
Advantageous 

Inequity 
Disadvantageous 

Inequity 
 D4-R Y 10 10 10 10 

 RW-Y Y 9 10 7 10 
 D4-B Y 8 9 10 8 
 LB N  10 10 10 10 
 D3-R N 9 9 10 10 
 D3-B Y 8 10 9 9 
  

Table 8.1. Individual performance in the Inequity Aversion conditions (Tests 1b & 2c).  
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8.4 Appendix 4 – Supplementary Methods for Chapter 5 

Does absolute brain size really predict self-control? Hand-tracking training 

improves performance on the A-not-B task 

 

Subject groups: 

Birds were assigned to groups to balance their sex, age and boldness. Sex was estimated from 

body size (Kenward et al., 2004) and age from mouth colouration. Boldness was assessed 

informally based on the birds’ behaviour in previous experiments. Specifically, we assigned birds 

the label of ‘bold’, ‘medium’ or ‘shy’ based on how comfortable they were in the presence of the 

experimenter and the speed with which they habituated to novel experimental apparatuses, 

particularly apparatuses with moving parts. Birds designated as ‘shy’ were not tested in this 

experiment.  

 

Olfactory cues: 

In all cases scraps of meat were used as rewards, and, due to prior use, all containers smelled 

faintly of meat. From our experience these crows are not able to locate hidden scraps of meat in 

similar choice tasks using olfactory cues alone. For example, New Caledonian crows performed at 

chance in a task when they received no visual cues regarding which of two small plastic tubes 

contained a meat reward (Jelbert et al., 2015a). Supporting this, all of the experimental birds 

initially performed at chance in the hand-tracking training, indicating they did not locate the 

reward using olfactory cues.  
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8.5 Appendix 5 – Supplementary Figures for Chapter 6 

Mental template matching as a cultural transmission mechanism 

 

A 

 

B 

 

 
Figure 8.3: Diagrams of the experimental set up. A: Birds learnt that either small or large templates could 
be inserted into the vending machine to obtain rewards. B: They then received two large sheets of card, 
from which they could manufacture pieces to drop into the vending machine.  
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Figure 8.4: Change in the mean area of manufactured pieces over time. Trial number was significantly 
correlated with area in the large, but not small, condition (Pearson correlation: r = 0.245, n = 160, p = .002). 
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Figure 8.5: Plots of the length by width for each piece manufactured in the small and large conditions. 
Template dimensions are provided for comparison in red.  Lengths and widths were approximated by 
calculating a bounding box of best fit for each manufactured piece (see Experimental Procedures).  
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