
 

 

 

 

 

 

EXPERIMENTAL EVIDENCE OF TRANSITIVE INFERENCE IN BLACK-

CAPPED CHICKADEES 

 

by 

 

CORY A. TOTH 

 

A thesis submitted to the Department of Biology 

in conformity with the requirements for 

the degree of Master of Science 

 

Queen’s University 

Kingston, Ontario, Canada 

September, 2010  

 

 

 

 

Copyright © Cory Alexander Toth, 2010 



 

ii 
 

ABSTRACT 

Many recent discoveries in animal cognition have shown that species once thought to be 

relatively simple are in fact capable of complex problem-solving in accordance with their 

ecological needs. These findings have resulted from experiments designed with the 

evolutionary history of the focal species in mind. Transitive inference (TI), the abiliy to 

infer the ordering of non-adjacent objects within a series, is a cognitive skill once thought 

to be exclusive to humans. Now considered a litmus-test for logical-relational reasoning, 

TI is thought to have evolved in social species in order to help track dominance 

relationships. Although recent work has shown that animals can display TI, it has yet to 

be demonstrated in the natural context in which it evolved. Songbirds may use TI to gain 

relative dominance information about others during countersinging interactions, through 

their use of network communication. Here I demonstrate that black-capped chickadees 

(Poecile atricapillus) use TI to judge the relative rank of unknown territorial intruders 

during the breeding season using dominance information provided through song contests. 

Using a multispeaker playback, I provided focal males with the relative ranks of three 

simulated “males” through two countersinging interactions (A > B, B > C). I predicted 

that when presented with the non-adjacent pair (A and C) with no relative rank 

information provided, focal males would choose to defend against the intruder they 

perceived as the greater threat. Consistent with my predictions, the majority of focal 

males approached “male” A. Additionally, male responses were influenced by age, with 

older males (in their second or later breeding season) approaching the dominant intruder 

more consistently than younger males (in their first breeding season). This is the first 

instance of TI being demonstrated in a natural population of untrained animals, and has 
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important implications for the understanding of songbird communication networks. 

Transitive inference may be used in several natural situations by chickadees throughout 

the breeding season and a number of possible avenues for future TI research are 

discussed. Additionally, methods are suggested for the examination of TI during the non-

breeding season.  
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“Two horsemen who meet two others on a dark road and pass on and thereafter meet also a 

traveller afoot know that those riders have overtaken the foot traveller and passed on.” 

– Cormac McCarthy, The Crossing (1994; pg. 271) 

 

“Cognition” refers to the neuronal processes involved with the intake of information from 

the surrounding environment, the retention of that information, and its subsequent use 

(Dukas 2004). Humans live in a complex world, one where cognitive processes help us 

through our daily lives. For example, driving a car to work requires the proper intake of 

all the necessary information (traffic lights, the distance and speed of nearby cars, speed 

limits, etc) and the use of that information to dictate our behaviour to successfully 

complete the task (i.e. arrive unharmed). Animals, too, live in a complex world full of 

information, which they must detect, acquire, sort, and use. Cognitive processes in 

animals determine behavioural traits, which in turn affect their ecology and evolution 

(and vice versa). Such traits include diet, mate choice, predator avoidance, social 

interactions, and habitat selection, among others (Dukas 2004).  

 The study of human cognition has helped to reveal the complex underlying 

processes of our behaviours. For instance, the field of moral cognitive neuroscience 

examines the neural basis of morality in humans, including the brain regions associated 

with morality, the function of moral behaviour in today’s society, and its evolutionary 

history (Moll et al. 2005). Such work challenges the long-held view that morality is a 

human invention, but instead suggests that it has its roots in our ancestry (e.g. de Waal 

2006). Insights into human cognition can also come from fields outside of psychology, 

such as archaeology. For example, Brown et al. (2009) discovered heat-treated tools 

dating to 164,000 years ago in a cave on the coast of South Africa. Such a discovery 
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provides insight into the advanced cognitive abilities of early Homo sapiens, as the heat-

treatment of materials must necessarily stem from a sophisticated knowledge of fire and 

the structural changes it brings with its application to objects.  

 

Traditional Animal Cognition Research: Ethology vs. Psychology 

The study of animal cognition developed slowly until the 1970s due mainly to a 

divide between ethologists and animal psychologists throughout much of the 20th century 

(Shettleworth 2001; Dukas 2004). Ethology (the scientific study of animal behaviour) 

was largely developed by zoologists in Europe, whereas experimental animal psychology 

(examining the neuronal processes underlying behaviour) was rooted primarily in North 

America (Shettleworth 2001). While both fields sought to understand facets of animal 

behaviour, they differed in their styles of research. Psychologists employed laboratory 

studies to focus on the proximate mechanisms of isolated behaviours, whereas ethologists 

attempted to interpret their field observations in an ultimate context. Thus, ethologists 

embraced an evolutionary framework, while psychologists were largely out of touch with 

(or opposed to; Galef 1998) such a framework (Shettleworth 2001). As a result, those of 

Tinbergen’s (1963) four questions of animal behaviour pertaining to proximate 

mechanisms (e.g. perception) were investigated mainly by psychologists, while the 

ultimate ones (e.g. function) were explored by ethologists (Shettleworth 2001).   

Although researchers (primarily animal psychologists) showed interest in the 

possibility of complex cognitive processes in animals, they still clung “tightly to the 

security blanket of conventional reductionism” (Griffin 1984, pg. 4), describing 

behaviours solely in terms of stimuli and responses. Furthermore, the methods utilized by 



 

4 
 

psychologists to examine animal cognition and intelligence were subject to debate (e.g. 

Rumbaugh and Gill 1976). Animals were typically withheld food and water until they 

behaved a certain way; enlisting problem-solving abilities which may be required when 

naturally seeking such resources (Burnham 1972; Griffin 1984). While such methods 

helped elucidate the problem-solving abilities of animals, the nature of the tasks were 

limited in scope, examining specific behaviours (often learned) in restrictive, artificial 

situations with little regard for where they fit into the larger whole (Griffin 1984; 

Shettleworth 2001). On the other hand, while ethologists viewed behaviours displayed by 

wild animals in the field, they tended to describe such behaviours as innate or instinctive 

(Lehrman 1953), largely ignoring the effects of learning, motivation, or past history.  

Early cognitive experiments also utilized an anthropocentric approach.  In the 

laboratory, a limited range of species (e.g. monkeys, rats) were given tests adapted from 

those given to humans, with their abilities on these tasks generalized to many animal 

species (Beach 1950; Pepperberg 2001; Pepperberg 2005). Such tests often involved only 

a small number of individuals, resulting in limited sample sizes. For example, when 

reviewing work on the language skills of chimpanzees (Pan troglodytes), Rumbaugh and 

Gill (1976) noted the often informal and inconsistent training administered by 

researchers, chiding “this is but one limitation when N = 1” (pg. 564). Furthermore, little 

regard was given to the ecological needs or background of the test animals in question 

and highly social species were generally tested in complete isolation. As a result of these 

deficiencies in experimental design, it is likely that many species failed to display 

cognitive abilities not because the tasks were too complex, but because they removed the 

task from any context for which it would be used (see Menzel and Juno 1982). Even the 
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use of laboratory-bred animals limited the ability to extrapolate results to their wild 

counterparts, as even a few generations in captivity can markedly change the behaviours 

exhibited by animals (e.g. Barnett and Stoddart 1969).  

Research was further slowed early on due to scientists’ begrudging acceptance 

that animal ‘intelligence’ was not only real, but formed a continuum of that with human 

intelligence (Wasserman 1981; Pepperberg 2005). However, as the psychological 

community began to remove itself from behaviorism (the belief that only observable 

behaviours, and therefore not mental processes, could be studied; Griffin 1984) it 

produced a “cognitive revolution” through the 1950’s and 60’s (Greenwood 1999; Miller 

2003), and opened the door for experiments examining the cognitive abilities of animals 

in both the laboratory and the wild throughout the 1970’s (Wasserman 1981; Griffin 

1998). Additionally, in part due to the cognitive revolution, the differences in research 

practices between ethologists and animal psychologists have since been largely 

reconciled through the emergence of several integrative subfields of animal behaviour 

(Shettleworth 2001), such as cognitive ethology (e.g. Smilek et al. 2006) and 

evolutionary psychology (e.g. Daly and Wilson 1999). 

The paradigm shift in animal cognition research which followed the cognitive 

revolution originally favoured the suggestion of advanced cognitive processes in animals 

which were either anthropomorphic (i.e. apes; Rumbaugh and Gill 1973) or possessed 

large brains (such as cetaceans; e.g. Tayler and Saayman 1973), as they were believed to 

be the most cognitively complex (Wasserman 1981; Pepperberg 2005; Emery 2006). The 

study of such species has revealed behaviours which were once thought to be exclusive to 

humans. For example, Goodall (1964) found that wild chimpanzees could construct and 
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use tools to aid in food retrieval, the cleaning of the body, and drinking. Bottlenose 

dolphins (Tursiops truncatus) have been shown to be able to recognize themselves in 

mirrors, examining specific body parts after they have been marked with black ink (Reiss 

and Marino 2001).  

Since the 1970s, advanced cognitive abilities have also been found in a range of 

vertebrates beyond cetaceans and apes, as well as invertebrates. For example, although 

the monkey’s “status as a thinker has never been high” (McGonigle and Chalmers 1977, 

pg 694), vervet monkeys (Chlorocebus aethiops) have been shown to employ one of the 

most sophisticated communication systems in wild primates. They use a complex series 

of predator-specific alarm calls, each of which elicit a different response from 

conspecifics (e.g. they will run up the nearest tree after hearing a leopard-specific call, or 

look overheard after an eagle-specific call), showing they can not only classify predators, 

but also use semantic communication (Seyfarth et al. 1980).  Domestic dogs (Canis 

familiaris), through their long history of selection in human societies, have come to 

acquire many interesting cognitive traits (Miklósi et al. 2004), including ‘human-like’ 

communicative abilities. For example, dogs outperform socialized (i.e. human-raised) 

wolves at problem-solving tasks, most likely due to the fact that dogs will initiate and 

hold eye contact with human testers when gaining information on the test presented, 

while wolves will not (Miklósi et al. 2003). Octopuses (Octopus spp.) have been found to 

display playful behaviour with objects (an activity traditionally associated with higher 

vertebrates; Mather and Anderson 1999), as well as tool-use and the construction of 

individually-distinctive “homes” (Mather 1994). 
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Birds have also had a long history in cognitive research, however most studies 

have focussed on pigeons (Columba livia), domestic fowl (Gallus gallus), and quail 

(Coturnix coturnix) as models for simple associative learning (Emery 2006). Recently, 

exciting work has shown that other species display cognitive abilities on par with those of 

primates. For example, parrots and corvids possess large forebrains and have highly 

complex social lives, analogous in both respects to primates (Emery and Clayton 2004; 

Emery 2006). Species of both taxa have demonstrated the ability to perform complex 

tasks such as the construction and use of tools (corvids: e.g. Hunt 1996; parrots: e.g. 

Borsari and Ottoni 2005), and magpies (Pica pica) have even demonstrated self-

recognition in mirrors, similar to that of apes and dolphins (Prior et al. 2008).  

Songbirds also show surprisingly complex cognitive behaviours based on their 

social and ecological needs. For example, brown-headed cowbirds (Molothrus ater) are 

common nest parasites of hundreds of bird species across North America. Cowbird eggs 

must be laid at the appropriate time, such that the host nest is ready for incubation, but 

not so late that incubation has already commenced. To do this, female cowbirds employ a 

sophisticated number sense, keeping track of both the total eggs as well as the change in 

the number of eggs in nests across days, allowing for the accurate synchronization of 

parasitism and host incubation (White et al. 2009). Some songbirds also display 

impressive spatial memories associated with food-caching, able to store and subsequently 

relocate food items at a much later date. When investigating food items brought to 

nestlings by varied tits (Cyanistes varius), Higuchi (1977) observed parents returning to 

the nest with a species of nut which was not available during the breeding season, 

suggesting the recovery of food items from caches made months earlier. Songbirds also 
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show sophisticated cognitive abilities in the memorization and discrimination of songs 

produced by neighbouring individuals. For example, hooded warblers (Wilsonia citrina) 

are not only able to individually-identify their neighbours’ songs during the breeding 

season, but are still able to recognize the same neighbours the following breeding season 

8 months later (having migrated to Central America in the meantime; Godard 1991). 

Therefore songbirds, while perhaps not traditionally seen to be as cognitively advanced as 

parrots or corvids, are nonetheless able to process complex information and act 

accordingly based on the requirements of their life history.  

 

Transitive Inference 

An emerging question in the field of animal cognition is the degree to which 

animals can understand and infer relations among objects, such as food or rivals. 

Transitive inference (TI) is the ability to combine two separate pieces of relational 

information between objects and infer the relationship between a non-adjacent pairing. 

For example, when given the information “Alice is taller than Bill, and Bill is taller than 

Craig”, TI is the ability to infer the relationship between the pair not compared directly, 

i.e. “Who is taller: Alice or Craig?” The series of relationships need not be distinguished 

by height, but can utilize any series of inequalities (“bigger than”, “faster than”, etc), and 

the relationship can be between any series of objects. Known to philosophers since 

antiquity (Delius and Siemann 1998), TI was first examined by the Swiss psychologist 

Jean Piaget in the 1920s in his series of studies on cognition in children, and has since 

been regarded as the benchmark for displaying logical reasoning (Penn et al. 2008). 

Piaget found that when given verbal problems similar to the one above, children younger 
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than 7 or 8 years old could not make the necessary inference (Delius and Siemann 1998). 

Thus he hypothesized that children cannot perform TI tasks until they reach what he 

called the “concrete operational” stage of development (at approximately 7 years old), 

when children begin to think logically and organize their thoughts (Piaget 1964). This 

view was prevalent until Bryant and Trabasso (1971) were able to demonstrate that 

children as young as 4 years old could display TI. Bryant and Trabasso (1971) realized 

that previous failures to show TI in young children were because the tasks were too 

memory-intensive (due to the use of verbal stimuli) rather than too cognitive-intensive. 

To account for this they utilized visual stimuli: children were shown five coloured sticks 

of different lengths (A > B > C > D > E), and were then able to infer the relationship 

between the interior adjacent pair (B > D) when shown equal lengths extending above the 

top of a box. This work led to the speculation that if children as young as 4 had the 

necessary cognitive abilities to display TI, then some animals could possibly display it as 

well.  

 While this was an interesting proposition, it presented researchers with a problem: 

children inherently understand relationships such as “taller” or “bigger”, and therefore 

training on ordered stimuli can be accomplished relatively easily. When testing animals 

in the laboratory, however, the experimental setup must be designed so that the subject 

understands the relationships being presented; coloured sticks or Tupperware containers 

mean nothing to a crow or a rat on their own, and so the experimenters must create a 

linear relationship among the stimuli. This is accomplished most often by training a 

hungry animal through a reinforcement system on a series of stimuli, such as A+/B-, 

B+/C-, C+/D-, D+/E-, where “+” denotes a reward and “-” no reward. The animal is 
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trained on each pairing with a criterion for correct choices (e.g. 18/20 correct choices per 

pair; McGonigle and Chalmers 1977), and once the training is complete the animal is 

finally presented with the interior adjacent pair (B/D). The interior pair is important in 

this case, as it controls for the “end-anchor effect” of an A/E choice, as the subject has 

always been rewarded for A, but never for E (Bryant and Trabasso 1971). As the animal 

has been rewarded on B and D both 50% of the time, the choice is expected to be more 

cognitively challenging as the only difference between them is their linear order. Here the 

animal is presented with a choice which is in some ways harder than that presented to 

human counterparts; human subjects may be given vocal cues on the task expected of 

them (e.g. “which is taller?”), while the non-human subject must not only remember the 

transitive relationship presented previously, but also understand what is expected in the 

choice. Regardless of these challenges, various incarnations of this test have shown that 

many animals succeed in choosing B in the B/D pairing, including pigeons (e.g. von 

Fersen et al. 1991), apes (Gillan 1981), monkeys (e.g. McGonigle and Chalmers 1977), 

corvids (e.g. Lazareva et al. 2004), rats (e.g. Davis 1992), and geese (Weiss et al. 2010), 

among others.  

However, due to the nature of their designs, these studies are unable to further 

elucidate the natural uses of TI. In this respect, the study of TI has unfortunately 

continued to be one of the remaining modern discordances between ethologists and 

animal psychologists, with field naturalists viewing laboratory studies as unable to 

simulate the complexity of natural relationships or adequately recreate the natural settings 

of the behaviour (Allen 2006). 
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The evolutionary roots of TI may have originated with social living and lifestyles 

characterized by stable social groups. The social complexity hypothesis (Humphrey 

1976) states that animals living in social groups are cognitively more advanced than those 

who are not, through the necessity of constantly tracking social behaviour and 

relationships, as well as storing and updating information on group members’ sex, age, 

mating status, rank, and genetic relationship (e.g. Jolly 1966; Bond et al. 2003; Kamil 

2004; MacLean et al. 2008). In social groups where dominance status is mediated by 

aggression, the threat of physical harm from fights would be a powerful selective force 

favouring an animal’s ability to track linear relationships by using information gained 

through observation. Although some animals possess ‘status badges’ (e.g. Studd and 

Robertson 1985; Tibbetts and Dale 2004), dominance or fighting ability need not have a 

perceptible basis (e.g. Martin et al. 1997). An analogous trait would be speed; one cannot 

necessarily tell that one Olympic runner is faster than another by looking at them, and so 

one must see them in competition to gain knowledge of the relationship. Furthermore, 

badges may not always signal fighting ability (e.g. Solberg and Ringsby 1997), and may 

not reflect the current condition of the individual, but rather their condition at the time the 

badge was created (such as plumage badges, e.g. Møller 1987). Thus, a reliable way to 

gain knowledge of the dominance relationship between two individuals is through 

observing a dominance interaction between them (e.g. Hogue et al. 1996).  

The ability to view and remember dominance relationships without direct 

interaction with the combatants would be very useful (Fagen 1977), particularly in 

societies featuring large groups. Evidence from primate societies, for example, shows that 

individuals change their behaviour towards certain individuals or groups after viewing 
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interactions with them, and are able to recognize the dominance of others (e.g. Cheney 

and Seyfarth 1990; Silk 1999; Bergman et al. 2003). However, in such large groups it is 

unlikely that an individual can view all possible dyadic interactions between group 

members. Baboons (Papio hamadryas ursinus), for example, may live in troops of 80 or 

more individuals where the number of possible dominance interactions between dyads 

would be in the thousands (3,160 for an 80 member troop). This becomes even more 

complicated when alliances between two individuals are factored in, and the number of 

possible triadic interactions (two individuals versus another) skyrockets to 82,160 

(Seyfarth and Cheney 2002). In such circumstances viewing only a small subset of the 

possible interactions and using that information to infer the remaining relationships 

would be beneficial.  

A comparative study between the highly-social pinyon jays (Gymnorhinus 

cyanocephalus) and the relatively non-social scrub jays (Aphelocoma californica) further 

supports the hypothesis that social living enhances the ability to infer linear relationships; 

pinyon jays were much better and faster at tracking multiple relationships than scrub jays, 

and while both could display TI, pinyon jays appeared to use a more sophisticated and 

robust cognitive mechanism (Bond et al. 2003). MacLean et al. (2008) performed a 

similar comparative study involving highly-social ring-tailed lemurs (Lemur catta) and 

relatively non-social mongoose lemurs (Eulemur mongoz). Both species were tested on 

an operant TI task and were able to perform equally well when the underlying linear 

relationship of the stimuli was emphasized during training. However ring-tailed lemurs 

outperformed mongoose lemurs on TI tasks when the overall underlying relationship was 

not emphasized. This lends strong support for the social complexity hypothesis: although 
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both social and non-social species may have the abilities to perform TI if they are 

sufficiently trained and the relationships sufficiently clear, social species – through the 

requirements to detect and assemble piecemeal dominance information – are better suited 

to spontaneously organize interconnected series of items. However, social species still 

struggle with learning arbitrary operant-stimulus systems in captive studies (the pinyon 

jays, for example, required hundreds of trials to reach criterion), and this laborious 

process of training speaks to the lack of any natural ordering of the stimuli from the 

perspective of the animal. As Menzel and Juno (1982) commented when reviewing failed 

attempts to train animals on object discrimination tasks, “if these animals have been 

reared in reasonably normal fashion and if the test situation is designed with 

consideration for their prior behavioural organization...no formal training [is] required” 

(pg. 750). 

 Some studies have taken a more naturalistic approach to studying transitive 

reasoning by using dominance relationships between live animals in testing. Hogue et al. 

(1996) presented focal domestic hens with a stranger which they viewed either winning 

or losing in a fight against a known dominant bird. When confronted with a stranger that 

had defeated a previous dominant, focal birds never initiated a fight with it and readily 

submitted when faced with aggression. However, when presented with a stranger who 

had lost against a known dominant, focal hens initiated fights in 50% of trials. These 

results suggested focal hens were able to draw inferences about their relative ability to 

defeat a stranger after viewing only a single contest between stimulus birds. Paz-y-Miño 

et al. (2004) used a similar but more sophisticated approach, showing focal pinyon jays 

multiple dominance relationships between both familiar and unfamiliar individuals from 
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separate dominance hierarchies. For example, a test would involve individuals from 

hierarchies A >B > C > D > E and 1 > 2 > 3 > 4 > 5. Focal male 3 would observe A > B 

(two unfamiliar demonstrators), followed by B > 2 (where 2 was a familiar dominant 

known to the focal male from prior interactions), before being presented with B. When 

presented with B (the unfamiliar demonstrator), focal males displayed high levels of 

submissive behaviours. These results showed focal males could use knowledge of their 

own relationship to 2 to transitively infer their rank relative to that of B (the unfamiliar 

demonstrator). This was the first study to conclusively show TI in a social setting. 

Furthermore, focal birds engaged in graded levels of submissive behaviour, predicted by 

the disparity in rank between themselves and the demonstrator, thereby revealing a 

sophisticated rank-estimating ability.  

Grosenick et al. (2007) also used a semi-natural approach when testing for TI in 

controlled conditions by using dominance hierarchies of African cichlids (Astatotilapia 

burtoni). Focal males were trained by viewing pairwise fights between five unknown 

males before being presented with the B/D and A/E choices, where the focal males spent 

significantly more time beside the subordinate (D and E) fish. Similar to the pinyon jays, 

focal males also showed a graded response in relation to the disparity in rank between B 

and D. This only occurred, however, when the fish were tested in a ‘novel’ environment 

(a tank they were unfamiliar with) and not in a familiar one (the tank they were trained 

in), showing that males use separate underlying spatial and featural representations of TI 

based on the context. When in a familiar setting the fish could use spatial information to 

make the correct inference, but when in a novel setting they were forced to use rivals’ 

featural information instead. In this case, the less clear the rank-disparity between the 
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combatants had been, the less likely they were able to make the inference. Such a 

‘simple’ animal displaying not one, but two underlying mechanisms for TI is exciting, 

and the researchers suggest the latter strategy is useful in the wild when territory 

boundaries are disturbed by weather and the movement of hippopotamuses, rendering 

familiar spatial information unavailable. The methods utilized by Paz-y-Miño et al. 

(2004) and Grosenick et al. (2007) are a big step forward in the testing of TI, and their 

results clearly show the importance of transitive reasoning in social hierarchies. However, 

TI has yet to be shown in a completely natural setting using untrained animals.  

 

Neurological Origins of TI 

Transitive reasoning is thought to originate in the hippocampus in both humans 

and non-human animals. The hippocampus is responsible for declarative memory (i.e. 

memories of facts which can be recalled; Eichenbaum 2001), as well as spatial 

representations (Maguire et al. 2003; Moser et al. 2008), and it has been suggested that 

relational representations are tied to spatial awareness (Terrace and McGonigle 1994; 

Colombo and Frost 2001). When the brain activity of humans performing operant TI 

tasks is examined, the hippocampus is activated during the inference process (Heckers et 

al. 2004). In animals, Dusek and Eichenbaum (1997) tested both normal rats and rats with 

damaged hippocampal systems on an operant TI task. Intact rats predictably chose B 

during the B/D test, while rats who had received hippocampal damage performed at 

chance levels. It is hypothesized that the hippocampus may operate by either giving 

weights to previous memories (e.g. A is long, B is short), or by storing and recalling test 

pairs to make the inference (e.g. A > B, B > C, therefore A > C); however the process in 
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animals is still unclear (although there is evidence for the former; Frank et al. 2003). The 

hippocampus may also play a role in sorting social relationships, but this requires further 

study (Eichenbaum 2001).  

Given the role of the hippocampus in spatial awareness and memory, it is an 

important brain region for food-storing animals, which must accurately recall the 

locations of stored food items. For example, Clark’s nutcrackers (Nucifraga columbiana) 

can store thousands of food items and remember their locations over 9 months later 

(Balda and Kamil 1992). As such, bird species which cache food have larger hippocampi 

than those which do not (Lucas et al. 2004). The relationship between the hippocampus 

and spatial cognition suggests that food-storing species may be better suited to operant TI 

tasks than non-storing species, and Bond et al. (2003) admit that this may be an 

alternative explanation for their results. Pinyon jays cache large quantities of nuts as a 

winter food store while scrub jays cache relatively little, and pinyon jays have been 

shown to outperform scrub jays in tests of spatial cognition (Kamil et al. 1994). This was 

a primary motive for MacLean et al. (2008) in their comparative study of ringtailed 

lemurs’ and mongoose lemurs’ performance on a TI task, as the two species have very 

similar feeding ecologies, while differing markedly in the complexity of their social lives.  

 

Investigating TI in Songbirds 

Songbirds provide an excellent natural system for the study of TI, as most species 

communicate vocally over long distances using complex vocalizations directed to 

multiple conspecifics. In the majority of oscines studied, males use song for the dual 

purpose of territory defence and mate attraction (Catchpole and Slater 1995), and singing 
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is an honest indicator of male quality (Otter et al. 1997; Nowicki et al. 1998; Gil and 

Gahr 2002; Buchanan et al. 2003; Spencer et al. 2003). As males establish neighbouring 

breeding territories within signalling range of each other, the broadcasting and receiving 

of information is not limited to dyadic exchanges, but can extend to include multiple 

signallers and receivers, including females. In such circumstances, communication 

behaviour is better understood as a network (McGregor 1993). Communication networks, 

described in such varied taxa as crabs (Burford et al. 1998), anurans (Grafe 2005), and 

cetaceans (Payne and Webb 1971), among others, have led to the evolution of complex 

strategies in signalling to others while also gaining information about them (Peake 2005). 

In songbirds, the ability to eavesdrop on singing interactions in order to gain information 

on the signallers has been demonstrated in a number of bird species (reviewed in 

McGregor 1993; McGregor and Peake 2000; Peake 2005). This ability allows males to 

attend to the song contests of others and, for example, determine the threat level of 

possible territorial intruders (e.g. McGregor et al. 1997). Females can also extract 

information from male song contests in an effort to gauge potential extra-pair partners 

(e.g. Mennill et al. 2002).  

Eavesdropping, therefore, presents a natural arena in which to observe TI abilities: 

individuals may be exposed to interactions between multiple neighbours from which they 

can draw dominance information for later use, analogous to viewing a physical 

interaction. For instance, when male nightingales (Luscinia megarhynchos) are presented 

with two simulated territorial intruders in a countersinging match in which one male is 

overlapping the other (a directed signal of aggression), they can determine which intruder 

is the greater threat and respond accordingly (Naguib and Todt 1997; Naguib et al. 1999). 
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However, situations may occur which are more complex in nature (e.g. successive song 

contests between multiple males), and TI would allow males to organize and respond to 

the information appropriately (Pepperberg 2005).  

To date the most promising evidence of TI displayed in the wild has come from 

two eavesdropping studies on great tits (Parus major). In one study by Peake et al. 

(2002), territorial males (M) were engaged by a simulated intruder (A) who either 

overlapped the focal male’s songs, or were overlapped by the focal male. Intruder A then 

engaged in a song contest with an unknown simulated male (B) outside of the focal 

male’s territory, which A either won (overlapped) or lost (was overlapped). Focal males 

were then able to combine these two sets of information when their territories were 

subsequently intruded by “male” B. Subjects sang fewer songs (low output) when 

confronted with a simulated low-quality intruder (M > A, A > B), and increased song 

output when confronted with a male of high- or ambiguous quality (A > M, B > A/A > B; 

M > A, B > A). 

A similar study by Otter et al. (1999a) focussed on female responses after 

eavesdropping on interactive song contests between their territorial mates and a simulated 

intruder during the female’s fertile period. Some males were targeted with a challenging 

song contest where their songs were overlapped consistently by the simulated intruder, 

while their neighbours received a “de-escalating” contest, in which the playback 

alternated with their songs (i.e. no overlapping). Females mated to males who received 

the challenging song contests were subsequently more likely to visit neighbouring males 

than females whose males received the de-escalating contest. Furthermore, these females 
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were more likely to visit males who received the de-escalating contest, potentially to 

solicit extra-pair copulations from a perceived dominant.  

These two studies suggest that both male and female great tits can use TI in a 

natural context. In the first, males showed that they were able to store information about 

both their own social rank relative to the intruder and the rank of an unknown neighbour 

relative to the same intruder. Males were then able to infer their own rank relative to that 

of the unknown neighbour (Peake et al. 2002). In the other, females were able to 

eavesdrop on separate interactions involving their males and their neighbours with the 

same intruder, store the information provided from each, and then infer the relative 

quality of each male based on those encounters (Otter et al. 1999a). While this latter 

study is particularly impressive, it cannot be definitively interpreted as TI as there is the 

possibility that the males changed their behaviour after the playbacks, subsequently 

affecting the choices of the females. Likewise, the Peake et al. (2002) study cannot be 

conclusively called TI as the focal males were directly involved in the relationships they 

were inferring. As such, the authors admit that they cannot entirely rule out the effects of 

the focal male displaying “winner effects” (Chase et al. 1994) from having just won a 

song contest, combined with being presented with a male recently heard to lose a song 

contest. Such a situation would not require the focal male to take the identity of the first 

intruder into account at all, or draw any inference. 

 

Testing TI in Black-capped Chickadees 

The black-capped chickadee (Poecile atricapillus) is a close relative of the great 

tit (Gill et al. 2005), and is an excellent candidate for testing for the occurrence of TI in a 



 

20 
 

natural context. Chickadees are small songbirds (between 9-14g), and are year-round 

residents across their range, which encompasses most of Canada and the United States 

(Smith 1991). During winter, chickadees form mixed-sex flocks consisting of 3-12 

individuals who forage and travel together (Smith 1991). These flocks are characterized 

by stable, linear dominance hierarchies, which have a top (or alpha) bird, and descending 

ranks for all other flock members, with males dominant to females, and after-second year 

(ASY) birds dominant to birds in the first winter (termed second-year (SY) birds 

(Hartzler 1970; Glase 1973; Ficken et al. 1981). Social rank affects fitness in both the 

non-breeding and breeding seasons as it is associated with resource-holding potential, 

survival, and reproductive success (Ficken et al. 1990; Otter et al. 1997; Ratcliffe et al. 

2007). For example, high-ranking birds enjoy larger territories (Mennill et al. 2004), safer 

and more profitable feeding sites (Desrochers 1989), higher fledgling success (Otter et al. 

1999b), and more mating opportunities (Smith 1991; Otter and Ratcliffe 1996).  

With the onset of the breeding season in the early spring, flocks disband and pairs 

establish and defend territories, with male singing activity beginning to increase in April 

(Dixon and Stefanski 1970). Chickadees sing a tonal, two note “fee-bee” song, and create 

a virtual repertoire by shifting this single song-type over a continuous range of 

approximately 860Hz (Horn et al. 1992). Singing rates are highest at dawn during a 

‘dawn chorus’, but daytime song contests between territory holders remain common from 

the onset of the breeding season until late May. During the dawn chorus males sing for 

extended periods of time (between approximately 15 and 70 minutes: Otter et al. 1997). 

The dawn chorus serves both intersexual (e.g. Otter et al. 1997) and intrasexual (e.g. 

Foote et al. 2008) functions. 
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Although the “fee-bee” song consists of only two notes, both male singing 

behaviour and their individual songs carry information for receivers. During the dawn 

chorus, high-ranking males begin singing earlier, sing for longer, and reach higher 

average and maximum song rates than low-ranking males (Otter et al. 1997). High-

ranking males also show significantly less variation in fine-structural characteristics 

(specifically, the ratio between the frequency of the end of the fee note and the beginning 

of the bee note) of their songs than low-ranking males when singing at the extremes of 

their frequency range (Christie et al. 2004). Conspecifics can discriminate between 

individuals based on their songs, as songs show significantly more variation between 

individuals than within individuals for a number of structural characteristics, allowing for 

individual identification (Wilson and Mennill 2010). Song contests between males often 

involve both frequency-matching, where one male will shift his songs to within 50Hz of 

another, and temporal overlapping, where a male will sing over the songs of another. The 

aggressive functions of these two behaviours in chickadee song contests have been shown 

by both natural observations (Fitzsimmons et al. 2008a) and through interactive 

playbacks (Mennill and Ratcliffe 2004a).  

The dominance relationships which influence chickadee behaviour year-round 

strongly favour the development of the capacity to use TI. Dominance ranks which 

develop within winter flocks can be measured by human observers scoring the outcome 

of dyadic interactions at feeding platforms: dominant birds will supplant subordinates for 

access to seeds, and subordinates will wait for dominants to leave before taking seeds 

themselves (Ficken et al. 1990). However, the brevity of these interactions suggests they 

may be cursory (i.e. each individual already knows their rank relative to each other), 
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reflecting previously developed “sense of rank” obtained well beforehand (Popp et al. 

1990). By viewing dominance interactions between flockmates, combined with past 

personal experience (e.g. “A dominates B and B dominates me, therefore A dominates 

me”), chickadees of both sexes may be able to infer their rank relative to others through 

transitive reasoning. This would be especially useful for individuals in large flocks (e.g. a 

dozen individuals), or when multiple flocks interact at feeders; a bird need not have 

interacted with a competitor directly in order to gauge its relative rank against it, but can 

instead use information obtained from viewing an interaction between it and an 

individual of known relative rank (K. Otter, pers. comm.).  

Chickadee singing behaviour provides an additional framework for the occurrence 

of TI. Males interact extensively in communication networks during the breeding season 

(Mennill and Otter 2007; Foote et al. 2010), and these interactions provide information to 

both neighbouring male (Fitzsimmons et al. 2008b) and female (Mennill et al. 2002; 

Mennill et al. 2003) eavesdroppers. Eavesdroppers able to infer dominance relationships 

from these interactions would benefit from increased knowledge of potential rivals, as 

well as potential extra-pair partners. High-ranking males have been found to join song 

contests involving their low-ranking flockmates and high-ranking non-flockmates, 

suggesting that males are aware of the relative ranks of the other males within their 

networks (Foote et al. 2010). This could be accomplished by employing transitive 

reasoning to infer relative ranks using information gleaned from previous contests 

between neighbours (Foote et al. 2010).  

Lastly, chickadees also make excellent candidates for the examination of TI from 

a neurological standpoint. They possess large hippocampi relative to their body size and 
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are adept food-cachers in the winter, able to store hundreds of food items across their 

ranges within a single day, never using the same site twice (Sherry and Hoshooley 2007). 

This may mean that chickadees, like other food-storing species, are well-suited to 

tracking transitive relationships, as spatial cognition is likely linked to TI ability. Thus, 

the combination of a year-round linear dominance hierarchy, advanced spatial memory, 

and a complex communication network during the breeding season makes black-capped 

chickadees an excellent system for testing TI in a natural context.  

In this thesis, I evaluate territorial male chickadees’ ability to extract dominance 

information from the singing interactions of unknown intruders. I attempt to be the first to 

show vicarious TI in a fully natural setting using untrained animals. This work will 

hopefully highlight the importance of combining psychological and ethological 

experimental methodologies to further understand animal cognitive mechanisms, and to 

show the abilities of animals once considered to be too ‘simple’ to display complex 

cognitive tasks. 

In addition, I have included data from two pilot studies examining TI during the 

non-breeding season in chickadees. Here I investigated the ability of focal individuals to 

infer the ranks of unknown individuals through the viewing of dominance interactions in 

aviary trials. While I failed to find evidence of TI in the non-breeding season using aviary 

trials, this most likely results from the difficulty in developing appropriate tests to 

motivate focal individuals to make an inference.  
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Thesis Organization 

 This Introduction (Chapter 1) provides background for Chapter 2, which is the 

main study (“Transitive inference in Black-capped Chickadees”). This manuscript will 

submitted to the journal Proceedings of the Royal Society of London, Series B: Biological 

Sciences for possible publication. In Chapter 3 (General Discussion), I discuss the 

significance of my findings and include suggestions for additional research in the 

examination of the uses and extent of TI in black-capped chickadees. Following Chapter 

3 (General Discussion), Appendices 1 and 2 provide the methods and results on the two 

pilot TI tests conducted on chickadees during the non-breeding season, and are included 

to provide guidance for any future experiments examining the role of TI in the non-

breeding season for chickadees. 
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CHAPTER 2 

 

TRANSITIVE INFERENCE IN BLACK-CAPPED CHICKADEES 
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ABSTRACT 

Transitive inference (TI) is the ability to view a linear series of relationships (e.g. A > B, 

B > C) and infer the relationships between non-adjacent pairings (i.e. A > C). This 

cognitive skill, originally described in humans and more recently in animals, may have 

evolved through lifestyles characterized by large, stable social groups, and the necessity 

to track dominance information among group members. In aggressive contests, the ability 

to infer transitive dominance relationships would aid individuals in determining the threat 

levels of rivals and avoidance of costly fights. However, TI has yet to be conclusively 

shown in natural circumstances using wild animals. In black-capped chickadees (Poecile 

atricapillus), social dominance affects both survival and reproductive success. We tested 

the abilities of territorial, mated male chickadees to transitively infer the rank of unknown 

intruders using simulated song contests. Playbacks were conducted using a three-speaker 

design at the onset of the breeding season, during the female fertile period. Focal males 

were exposed to three simulated intruders (“males” A, B, and C) engaging in two 

successive dyadic song contests, presenting focal males with the information that A was 

dominant to B, and B was dominant to C. Males were then presented with solo songs of 

the two non-adjacent simulated males (A and C) where no relative rank information was 

provided. We predicted that if males could infer the relative ranking of the contestants, 

they would choose to defend against the intruder they perceived to be the greater threat. 

Focal males chose the dominant intruder (A) significantly more than the subordinate, 

consistent with our predictions. Age was an important factor influencing male choice, as 

after-second year birds were more consistent in their choice of speakers compared to 

second-year birds. Age effects may be due to differences in experience, motivation, or 



 

27 
 

both factors. This is the first work to show TI in a natural context, and has important 

implications for our understanding of songbird communication networks.   
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INTRODUCTION 

Transitive inference (TI) is the ability to observe a series of linear relationships between 

objects (e.g. A>B, B>C) and then correctly infer the relationship between any of the 

objects not compared directly (i.e. A>C). Previously, TI was thought to be an exclusively 

human ability (Davis 1992), however over the last three decades evidence has slowly 

accumulated showing that some animals can demonstrate TI, given sufficient training 

(e.g. McGonigle and Chalmers 1977; von Fersen et al. 1991; Davis 1992; Bond et al. 

2003; Lazareva et al. 2004; Weiss et al. 2010).  In laboratory studies of TI, animals 

typically undergo a reinforced training regime using arbitrary paired stimuli (e.g. colours, 

smells) where A+/B-, and B+/C- (with + denoting a reward and – denoting no reward), 

before being tested on the non-adjacent pair A/C. Here A is the expected choice due to its 

linear order in the series. Such studies have been key to documenting TI ability in 

animals, and continue to increase our understanding of the proximate mechanisms 

controlling this cognitive behaviour, which are still vigorously debated (e.g. von Fersen et 

al. 1991; Dusek and Eichenbaum 1997; Delius and Siemann 1998; De Lillo et al. 2001; 

Zentall 2001). However, they fail to show TI in its natural context, and so functional 

explanations for TI remain largely unexplored. 

 Living in stable social groups may have provided an evolutionary pressure for the 

emergence of TI capabilities in animals (Bond et al. 2003; MacLean et al. 2008). For 

example, if an individual attempting to join a new social group can observe dyadic 

dominance interactions between some group members while inferring the relative 

rankings of the others, they may stand to gain through decreased time and energy spent 

fighting. Two recent studies using captive animals have demonstrated that subjects 
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allowed to observe aggressive interactions between conspecifics can infer dominance 

relationships. Pinyon jays (Gymnorhinus cyanocephalus) were able to predict their own 

dominance relative to that of strangers which they had observed interacting with 

individuals of known rank (Paz-y-Miño et al. 2004). In the other study, African cichlids 

(Astatotilapia burtoni) were able to infer the ranks of non-adjacent males in a linear 

dominance hierarchy after viewing pairwise fights between them (Grosenick et al. 2007). 

Furthermore, comparative TI studies between closely-related species in both lemurs 

(MacLean et al. 2008) and jays (Bond et al. 2003), have shown that performance on 

operant TI tasks is associated with natural levels of social complexity. However, TI has 

yet to be shown in a fully natural setting using untrained animals.  

 Songbirds provide an ideal system for testing natural TI abilities, as many species 

interact extensively in long-range communication networks during the breeding season, 

consisting of multiple signallers and receivers (McGregor 1993). Network 

communication has favoured the development of signalling and information-gathering 

strategies, such as eavesdropping (reviewed in McGregor 1993; McGregor and Peake 

2000; Peake 2005). For example, males can attend to interactions involving other males 

in order to gain useful information for possible future encounters, such as determining the 

threat level of territorial intruders (e.g. McGregor et al. 1997; Naguib and Todt 1997; 

Naguib et al. 1999; Peake et al. 2001). Females may also extract information from male 

song contests to gauge potential extra-pair partners (e.g. Mennill et al. 2002). 

Eavesdropping therefore likely provides a natural arena in which TI may occur: 

individuals may be exposed to interactions between multiple neighbours from which they 

can infer relative dominance relationships. The closest examples of TI being displayed in 
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this capacity are from great tits (Parus major). Peake et al. (2002) demonstrated that 

territorial males targeted with playbacks were able to infer their rank relative to that of an 

unknown intruder if they had heard that intruder interact with a male of known quality, 

reacting with increased song output towards simulated intruders inferred to be of high or 

ambiguous quality. Similarly, female great tits paired to males who lost a song contest to 

a simulated intruder were more likely to visit the territories of neighbouring males who 

won against the same intruder (Otter et al. 1999a). These females were able to infer the 

relative quality of both their mate and their neighbours, using their performances against 

another male as an intermediary. While this latter study is particularly impressive, it 

cannot be taken as definitive evidence of TI as there is the possibility that the males 

changed their behaviour after the playbacks, subsequently affecting the choices of the 

females. Likewise, Peake et al. (2002) could not discount focal male behaviour being a 

result of winner-effects, rather than transitive inference of intruder quality. 

Black-capped chickadees (Poecile atricapillus) are an excellent candidate species 

for further investigating the role of TI in a natural context. In winter, chickadees form 

mixed-sex flocks consisting of 3-12 individuals which forage and travel together (Smith 

1991). These flocks are characterized by stable, linear dominance hierarchies, in which 

males dominate females, and adults dominate first-year birds (Hartzler 1970; Glase 1973; 

Ficken et al. 1981). Social rank is important in both the non-breeding and breeding 

seasons (reviewed by Ratcliffe et al. 2007); it is associated with resource-holding 

potential (Ficken et al. 1990; Otter et al. 1997) and affects a number of life-history 

characteristics, as high-ranking birds enjoy larger territories (Mennill et al. 2004), safer 

and more profitable feeding sites (Desrochers 1989), higher fledgling success (Otter et al. 
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1999b), and more mating opportunities (Smith 1991; Otter and Ratcliffe 1996). In the 

breeding season flocks disband and pairs establish and defend territories, with males 

engaging in song contests with one another. Male chickadees sing a tonal, two note “fee-

bee” song, and create a virtual repertoire by shifting this single song-type over a 

continuous range of approximately 860Hz (Horn et al. 1992). Males also interact 

extensively in communication networks (Mennill and Otter 2007), where countersinging 

interactions often involve both frequency-matching (where one male will shift his songs 

to within 50Hz of another) and temporal overlapping (where one male will sing over the 

songs of another) (Fitzsimmons et al. 2008a). This combination of a year-round linear 

dominance hierarchy and a complex communication network during the breeding season 

makes black-capped chickadees an excellent system for testing TI in a natural context. 

To evaluate if territorial male chickadees could extract dominance information 

from song contests and subsequently use this information to infer the rank of unknown 

individuals, we used a modified version of the multispeaker experiment developed by 

Mennill and Ratcliffe (2004b). We presented focal males with two sequential song 

contests between three simulated, unknown intruders (A, B and C), providing them with 

the information that A was dominant to B, and B was dominant to C. We then tested the 

focal males’ response to A and C when the two were presented with no relative rank 

information provided. We hypothesized that if males can infer the relative rank of A and 

C, they would choose to defend against the intruder they perceive to be the greater threat 

– intruder A.  
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METHODS 

Twenty-nine playback trials were conducted from April 13 to May 4, 2010 at the Queen’s 

University Biological Station at Chaffey’s Lock, Ontario, Canada (44o34’N, 76o19’W). 

All focal males were territorial and mated to females in either the nest-building or egg-

laying stage. Adult birds had been captured the previous winter between October 2009 

and February 2010 and banded with a unique combination of three colour bands and an 

aluminum Canadian Wildlife Service band. Individuals were aged as second-year (SY) or 

after second-year (ASY) based on their outer tail feathers (Smith 1991).  

Playback design 

Playbacks were carried out between 0800 and 1700h each day, using the three-

speaker setup described in Mennill and Ratcliffe (2004b). Prior to each trial, the territory 

of the focal bird (defined as the maximum extent of space occupied as observed over the 

preceding week) was marked onto a detailed topographical map. Three SONY SRS-77G 

active loudspeakers (A, B, and C) mounted on 1.8m poles were then arranged 24m apart 

in an equilateral triangle, connected in stereo (two at a time) to an Apple iPod located in 

the centre of the triangle. To avoid attracting males from neighbouring territories during 

playbacks, the speakers were positioned to face the centre of the territory. No trials had to 

be aborted due to multiple males approaching the playback. The distances of 3, 6, and 

12m between each speaker were marked with flagging tape as reference points.  

Each playback trial consisted of four parts: luring the focal male to the playback 

setup (“lure”); exposing him to song contests between simulated intruders A and B, and 

then B and C (“song contest”) (Fig. 1a, b); testing his choice of speaker A versus C  
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Fig. 1. Schematic representation of the experimental setup comprised of three loudspeakers arranged in an 
equilateral triangle with sides of 24m. After luring the focal male to the approximate centre of the playback 
using “chick-a-dee” calls the first song contest commenced. (a) The first song contest, in which speakers A 
and B broadcast two-channel stimuli simulating a countersinging interaction between two territorial 
intruders. (b) The second song contest commenced approximately 10s following the cessation of the first 
song contest and involved two-channel stimuli being broadcast from speakers B and C in a second 
simulated countersinging interaction. (c) The choice phase commenced approximately 10s following the 
cessation of second song contest and consisted of two-channel stimuli being broadcast from speakers A and 
C, simulating solo-singing between two males (i.e. no relative rank information was provided). (d) The 
post-playback assay followed the choice phase and consisted of solo-songs broadcast from the speaker not 
approached by the focal male during the choice phase.  

 (“choice”) (Fig. 1c); and testing for possible speaker location effects (“post-playback 

assay”) (Fig. 1d). 

The lure phase consisted of looped playback of non-song vocalizations (‘chick-a-

dee’ calls) from a fourth speaker (SONY SRS-77G active loudspeaker) situated in the 

centre of the triangle. Once focal males were attracted to within 5m of the lure speaker, 

the song contest phase began.  
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For the song contest phase, two-channel stimuli were broadcast from the A and B 

speakers, followed by the B and C speakers. Focal males were thus exposed to two, 

simulated successive dyadic song contests involving three intruding males. In the first 

song contest “male” A temporally overlapped the songs of “male” B (A’s songs were 

offset by 0.7s, consistently overlapping the last 0.3s of B’s songs) and also frequency-

matched B’s songs within 3.4 ± 0.9Hz (Fig. 2a). This first contest was followed by the 

second contest roughly 10s later, where “male” B overlapped and frequency-matched the 

songs of “male” C. In both contests each of the simulated intruders sang 15 songs at a 

rate of 1 song every 4.0s (Mennill and Ratcliffe 2004b), making each song contest 

approximately 60s in length. Playback studies have determined that both frequency-

matching (Horn et al. 1992; Otter et al. 2002; Mennill and Ratcliffe 2004a) and song 

overlapping (Mennill and Ratcliffe 2004a, b) are directed signals of aggression in 

chickadee song contests, and the two commonly occur together in natural countersinging 

interactions (Fitzsimmons et al. 2008a). Using matching and overlapping stimuli as a 

proxy for relative dominance, the song contest phase provided each focal male with 

information that “male” A was dominating the contest with “male” B, and “male” B was 

dominating the contest with “male” C. In each contest, an equal number of songs were 

broadcast at high- and low frequencies (15 songs each at 3602 ± 3.6Hz and 3202 ± 4.0Hz, 

respectively), as both simulated males began singing at the higher frequency, and 

switching midway through the song contest to the lower frequency (one simulated male 

switched to the lower frequency after 7 songs, while the other switched after 8 songs) 

(following Fitzsimmons et al. 2008b). 
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Fig. 2. Stylized spectrograms of stimuli consisting of "fee-bee" songs from two simulated males (one 
denoted by black songs, the other with white). (a) Song contest phase, consisting of one male frequency-
matching and temporally overlapping the songs of the other in a directed signal of aggression. One male 
shifted from a higher to a lower frequency after 7 songs, while the other shifted after 8. (b) Choice phase, in 
which no frequency-matching or temporal overlapping occurred between the two males. One male began 
singing at a higher frequency while one began at a lower frequency, with both switching after 8 songs. Each 
male sang at a rate of 1 song every 4.0s in both phases, and both phases lasted approximately 60s. The 
middle 10 songs are depicted from each phase (from a total of 30 songs each; 15 from per male). 

The choice phase began approximately 10s following the simulated song contests, and 

involved “males” A and C solo-singing. In solo-singing, both simulated males sang 

alternating songs, in which no overlapping (songs were offset by 2.0s) or frequency 

matching (frequency difference: 399.8 ± 5.7Hz) occurred (Fig. 2b). Thus during the 

choice phase, focal males were exposed to a novel dyad (A and C), whose singing 

patterns provided no information about relative status. As before, both simulated males 

sang at a rate of 1 song every 4.0s for a total of 15 songs each, and both switched 

frequencies after 8 songs for a total duration of 60s. During this phase the focal bird’s 

movements (of approximately 1m or greater) were described by an observer, noting 

whether the subject approached speaker A or speaker C first. In order to be categorised as 

making a choice between the two speakers, the focal male needed to move within 12m of 

a speaker from a starting distance of greater than 12m. If a male was positioned within 

12m of the A or C speakers at the beginning of the choice phase, he was considered to 
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have chosen that speaker if he stayed within 12m for one full playback. If a male did not 

come within 12m of either speaker after two full repetitions of the playback (N = 2 of 29 

subjects), he was deemed as having made no choice. Excluding the lure, the overall 

duration of trials (song contests and choice phase) varied between 198s and 274s (213 ± 

4.3s), as a function of subject variation during the choice phase. The subjects’ singing 

behaviours were recorded during the song contests and choice phase using a Marantz 

(PMD670) digital recorder and an Audiotechnica directional microphone. 

The post-playback assay was started 10s after the cessation of the choice phase 

playback, to check that the placement of the A and C speakers was appropriate (i.e. 

within the focal male’s territory) and not biasing the focal male’s decision during the 

choice phase (Naguib and Todt 1997; Mennill and Ratcliffe 2004b). Solo songs were 

broadcast from whichever speaker the focal male did not approach during the choice 

phase (e.g. if the male approached speaker A, solo songs of “male” C were broadcast 

from speaker C). If the male approached both speakers during the choice phase (N = 5) 

the post-playback assay was not initiated.  

Playback Stimuli 

 The ‘chick-a-dee’ calls used in the lure phase were recorded in 2005 using an 

Acoustic Location System (see Mennill et al. 2006) from males no longer present in the 

population by 2010. Nine individual calls (from different males) were isolated from array 

recordings and played randomly throughout the lure phase at a rate of 1 call every 2.5s 

using an Apple iPod (amplitude of 90dB, measured at 1m from the playback speaker 

using a Realistic 33-2050 sound level meter).   
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Playback stimuli (‘fee-bee’ songs) were created by D.J. Mennill for a previous 

study (Mennill and Ratcliffe 2004b). These stimuli were created using recordings of 10 

chickadees from the study population in 2000 (and no longer present in 2010) to create 

songs for 5 simulated intruders. Using CoolEdit 2000 (Syntrillium, Phoenix, AZ) the 

“fee” notes from 5 of the birds were combined with the “bee” notes of the other 5 at 

population-typical duration and frequency differences. The songs were further modified 

so that they were the same length, amplitude, and frequency. Using these stimuli, we 

created 5 playback treatments with Adobe Audition (Adobe Systems, Mountain View, 

CA), each consisting of three two-channel sound files: the two song contests (A/B, B/C) 

and the solo singing phase (A and C). Each treatment involved 3 out of the 5 simulated 

males, and across the 5 treatments each simulated male had the role of the highest 

ranking (i.e. A) and lowest-ranking (i.e. C) bird exactly once. For each experiment a 

treatment was chosen randomly (random choice without replacement), and all songs were 

broadcast at the same amplitude (90dB at 1m). The role of each loudspeaker was also 

shifted with each playback trial – i.e. if a speaker broadcast the A intruder for one 

playback, it broadcast the B intruder for the next, and the C after that.  

 

RESULTS 

Focal male chickadees preferentially approached the loudspeaker broadcasting solo songs 

of the most “dominant” male, as simulated by the earlier song contests. Of the 27 males 

that chose between the two speakers during the choice phase, 20 approached speaker A 

(binomial test, P = 0.0192). Two males which were attracted during the lure phase did not 

approach either speaker during the choice phase through two full repetitions (120s of 



 

38 
 

stimulus); one SY male remained attentive to the playback, remaining perched above the 

lure speaker, while one ASY male steadily moved away from both speakers A and C 

throughout the playback.  

Focal males did not approach any of the five recordings more than any of the 

others (Pearson χ2 = 5.8, P = 0.21, N = 27), nor did the order of playback affect male 

choice. Out of the 29 trials, 16 of the focal males heard “male” A sing first during the 

choice phase (9 of which chose A), while 13 focal males heard “male” C sing first (1 of 

which chose C).  

 Of the 29 total focal males, 15 were SY and 14 ASY. Age was an important factor 

associated with overall male choice (Fig. 3); of the 13 ASY males that approached a 

speaker, 11 chose the dominant speaker (binomial test, P = 0.0225) (Fig. 3a), while of the 

14 SY males that chose a speaker, 9 chose the dominant (binomial test, P = 0.42) (Fig. 

3b). Nine males (5 ASY and 4SY) were already positioned – and remained within – 12m 

of either A or C at the beginning of the choice phase, 7 of which moved closer to the 

speaker during the playback. For the males who approached the dominant speaker from a 

distance of over 12m, latency to approach was not associated with age (ASY males: 37.3 

± 9.1s, N = 7; SY males: 32.8 ± 18.2s, N = 5; Wilcoxon rank-sum, W = 26, P = 0.33). As 

a whole, latency to first approach (ASY males: 36.8 ± 8.4s, N = 8; SY males: 47.9 ± 

14.0s, N = 10; t-test, t = 0.033, P = 0.75) was not associated with age, nor was time spent 

within 12m of the chosen speaker (ASY males: 40.4 ± 4.9s, N = 13; SY males: 32.5 ± 

6.2s, N = 14; t-test, t = -1.52, P = 0.14). The total number of movements made by males 

was not significantly different across phases (first song contest: 2.0 ± 0.26 movements; 

second song contest: 1.7 ± 0.28 movements; first repetition of choice phase: 2.3 ± 0.23  
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Response to playback 

Fig. 3. Responses of ASY and SY focal males during the choice phase of playback. (a) ASY males 
preferentially approached the A speaker, while (b) SY males showed no significant preference. Two males 
made no choice between the speakers. 

 

11/14

2/14
1/14

0.0

0.2

0.4

0.6

0.8

1.0

Approach 
speaker A

Approach 
speaker C

No choice

Pr
op

or
tio

n 
of

 A
SY

 s
ub

je
ct

s

(a)

9/15

5/15

1/15

0.0

0.2

0.4

0.6

0.8

1.0

Approach 
speaker A

Approach 
speaker C

No choice

Pr
op

or
tio

n 
of

 S
Y 

su
bj

ec
ts

(b)



 

40 
 

movements; Friedman test, χ22 = 2.56, P = 0.27), and it was not associated with age 

(MANOVA, F1,25 = 0.31, P = 0.58). For males that required two repetitions of playback 

during the choice phase, only variables measured in the first repetition were used in these 

analyses, such that all variables were measured within the same time span (60s) across 

each of the three phases.  

Most males sang during the trials. On average, focal males gave their first song 

16.3 ± 6.4s after the start of the first song contest. Male age did not influence the total 

song output during the trial (ASY males: 27.2 ± 5.3 songs, N = 13; SY males: 34.2 ± 3.3 

songs, N = 14; t-test, t = 1.14, P = 0.26) or – excluding one ASY male which did not sing 

at all – the latency to first song (ASY males: 19.7 ± 13.4s, N = 12; SY males: 13.3 ± 3.6s, 

N = 14; Wilcoxon rank-sum, W = 141, P = 0.29). In total, 25 males sang during the first 

song contest, 22 during the second song contest, and 24 during the choice phase. The 

total number of songs sung by males was not significantly different across phases (first 

song contest: 10.2 ± 1.1 songs; second contest: 10.6 ± 1.2 songs; first repetition of choice 

phase: 10.2 ± 1.2 songs; Friedman test; χ22 = 1.58 P = 0.45), and was not associated with 

age (MANOVA, F1,25 = 1.53, P = 0.22). 

 Once males had approached a speaker during the choice phase, most remained 

within 12m of that speaker, however five males approached both speakers before the end 

of the choice phase. Of the remaining 22 males that approached a single speaker during 

the choice phase, all approached the opposite speaker during the post-playback assay. 

There was a significant difference in approach times during the post-playback assay, with 

SY males taking significantly longer to approach the opposite speaker (ASY males: 31.2 
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± 10.6s, N = 11; SY males: 70.0 ± 13.4s, N = 11; Wilcoxon rank-sum, W = 164, P = 

0.0151). 

 

DISCUSSION 

This experiment has demonstrated that territorial male chickadees can use information 

from song contests to infer the relative dominance of unknown individuals. To our 

knowledge this is the first controlled study to demonstrate TI in a natural context with 

untrained animals from a wild population. Our study provided subjects with vicarious 

information that “male” A was dominant to “male” B, and “male” B was dominant to 

“male” C. Focal male chickadees preferentially approached A over C when the two were 

presented in a novel pairing with no relative rank information provided.  

Chickadee songs possess a number of individually-distinctive structural 

characteristics which conspecifics can use to discriminate between individuals (Wilson 

and Mennill 2010). Focal males should therefore have been able to perceive the stimuli as 

separate individuals, internalize the relative rank of those individuals (through the song 

contests), and then subsequently recall and apply that information in a novel situation (i.e. 

solo singing). This study complements similar work by Grosenick et al. (2007) with 

cichlids, where focal males were shown pairwise fights between five individuals (A to E) 

over the course of several days. When presented with A and E or B and D, the focal 

males spent more time beside the less-threatening, subordinate male. Likewise, pinyon 

jays displayed submissive behaviour towards unknown males they had seen dominating a 

known dominant, having inferred their own rank relative to that of the unknown male 

(Paz-y-Miño et al. 2004). An important distinction of the current study from past TI 



 

42 
 

research, however, is the speed in which the focal male chickadees were able to learn the 

information and act on it: subjects heard only 15 songs (approximately one minute of 

stimulus) each from A and C before the choice test, compared to hundreds of training 

sessions required for other animals in laboratory experiments. Such speed suggests that 

the experimental conditions we used closely mirrored the natural circumstances in which 

chickadees use TI abilities.  

Searcy and Beecher (2009) have recently questioned the aggressive function of 

song overlapping in countersinging interactions. However a wide range of literature 

supports the notion that it is indeed a signal in song contests for many species (Naguib 

and Mennill, in press), including black-capped chickadees (e.g. Mennill and Ratcliffe 

2004a, b; Fitzsimmons et al. 2008a). Likewise, frequency-matching of songs in 

chickadees is believed to act as a signal of directed aggression (Horn et al. 1992; Otter et 

al. 2002; Mennill and Ratcliffe 2004a), and may function in a similar way to song-type 

matching in other species (Mennill and Otter 2007). In natural contests, matching and 

overlapping often co-occur (Fitzsimmons et al. 2008a). As such, we used overlapping and 

frequency-matching together during song contests to represent dominant/subordinate 

relationships between simulated intruders. We do not know from this experiment which 

aspect of the song contests the focal males were extracting dominance information from: 

frequency matching, song overlapping, or both. However, this could be addressed with 

future playback studies. 

 Our results are consistent with the prediction that territorial males would choose 

to defend their territories against the intruder they perceive to be the greater threat. This is 

similar to the behaviour shown in great tits by Peake et al. (2002), with focal males 
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reacting with varying levels of aggression depending on the threat level of the intruder. 

The results of the current study have important implications for the evolution of 

eavesdropping, as the ability to infer dominance by listening to separate song contests 

could be a key tool for territory holders to assess potential rivals. For chickadees, relative 

rank inferences through eavesdropping could be useful in several natural situations, 

including the dawn chorus (featuring many interactions between less-familiar males; 

Foote et al. 2008), attempts by floater males to insert themselves into territories (Smith 

1991), and during the onset of the breeding season, when males must establish territories 

against both known and unknown neighbours (Smith 1991). Thus males could likely use 

TI as an early warning system on the nature of potential intruders (Eason and Stamps 

1993). Females would also benefit from this ability to gauge potential extra-pair mates, as 

they have been shown to make reproductive decisions based on the outcomes of song 

contests (Mennill et al. 2002; Mennill et al. 2003). 

 There was a clear distinction between SY and ASY males in their choice of 

speakers during playbacks. While they did not differ in any other behavioural aspect 

during the song contests and choice phase, ASY males approached the A speaker 

significantly more than the C speaker, whereas the SY males were more variable in 

choosing which speaker they first approached. These results complement those of 

Mennill and Ratcliffe (2004b) who found that all ASY males tested chose the overlapping 

speaker during a simulated song contest, while SY males were much more variable. 

These age-related differences in response to playback in our study do not necessarily 

suggest that SY males are unable to perform TI tasks (although early social environment 

has been shown to affect TI ability in a foraging context in geese; Weiss et al. 2010), but 
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perhaps that experience plays an important role in the decision-making process of 

chickadees when defending their territories from unknown intruders. This idea is further 

supported by the data showing SY males took significantly longer to approach the 

opposite speaker during the post-playback assay than ASY males. It is possible that SY 

males were more cautious in responding to intruders because at the time of testing they 

had only a few week’s experience defending territories. Age-related variation in response 

to playbacks has been documented in other species (e.g. Cucco and Malacarne 1999; 

Rajala et al. 2003; Osiejuk et al. 2007), suggesting that as individuals accrue tactical 

experience with time they can adjust their responses to various situations.  

As social rank data could not be collected in the present study (owing to time 

demands of other experiments), we were unable to compare the responses of high- vs. 

low-ranking individuals in this TI task. However, age in chickadees is correlated with 

social rank (Smith 1991; Otter et al. 1999b; Schubert et al. 2007), so we would predict a 

similar pattern in results to that of age, that is, males of high rank more consistently 

approach the A speaker. Mennill and Ratcliffe (2004b) found this pattern with their 

study: high-ranking male chickadees preferentially approached the overlapping speaker, 

while low-ranking males made inconsistent choices. As social rank and experience are 

both correlated with age, further studies would be necessary to disentangle why males of 

different age and rank might exhibit different responses to territorial intruders.  

Although our study did not explicitly test birds’ abilities to infer their own rank 

relative to that of an intruder, it is possible that in addition to using past experience in 

their decision-making, male chickadees are “self-aware” to some degree, able to place 

themselves within the hierarchy they are observing (Pepperberg 2005). For example, the 
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males choosing the C speaker in the present study, and the males approaching the 

“subordinate” speaker in the study by Mennill and Ratcliffe (2004b), may be using 

information from their previous contests, combined with the information they have stored 

on the rank of the intruders. If they perceive themselves to be less competitive than the 

“dominant” intruder, they may avoid a potentially costly confrontation. The pinyon jays 

in the study by Paz-y-Miño et al. (2004) displayed similar behaviour; acting submissively 

towards individuals they inferred to outrank them. Of course, the effects of experience 

and rank (i.e. self-awareness of rank) need not be mutually exclusive, and a possible way 

to examine this would be through multiple-year studies of the same individuals. Over 

time all males would gain experience in defending territories, however not all would 

attain high rank (Schubert et al. 2007), and examining their choices in TI tasks across 

year could help to disentangle these effects.  

Our design differs from traditional TI testing in that the playbacks consisted of 

only three ordered stimuli (A, B, and C) instead of the five. Thus, the results could be 

affected by the “end-anchor” effect, where higher performance is expected on 

comparisons involving the end stimuli as one has always been rewarded while the other 

has never been rewarded (Bryant and Trabasso 1971). While we cannot rule out these 

effects of spatial representation in this experiment (but see Penn et al. 2008), we feel that 

the three-stimulus system was an appropriate test for wild chickadees. First, daytime song 

contests involving more than three individuals simultaneously are rare (C. Toth, pers. 

obs.), and playbacks simulating such conditions would therefore deviate from the natural 

conditions experienced by chickadees. Second, the two simulated song contests involved 

no reinforcement of any kind. Thus, focal males were required to make quick decisions 
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regarding the defence of their territories using a minimal amount of given information, 

and consequently any end-anchor effect would be negligible.  

 This study does not attempt to propose a mechanism for how songbirds may 

accomplish TI tasks. As Grosenick et al. (2007) suggest, there may not be a single 

underlying mechanism for TI in animals, with each instead being influenced by their own 

unique social and ecological pressures. The ability to transitively infer social rank 

vicariously through observation would be an invaluable tool for social species, and our 

study demonstrates a possible use for it in a natural setting. However, future field studies 

are needed to clarify the uses and limits of TI tasks in wild animals. For example, there is 

not only strong pressure for individual recognition in social groups, but also the ability to 

remember those individuals for extended periods, allowing for the maintenance of stable 

dominance hierarchies and territorial boundaries (Croney and Newberry 2007). Great tits 

have been shown to remember songs of neighbours for years, even if those neighbours 

are deceased (McGregor and Avery 1986). Can such long-term memories of individuals 

also contain dominance information, if it was previously known by the focal observer, 

and could they infer dominance days or weeks after initial contact? Also useful would be 

further comparative studies across closely-related species differing in social complexity, 

such as that performed by Bond et al. (2003) on pinyon and scrub jays, in determining 

how the size of an animal’s social groups affects its ability to perform TI tasks. For 

example, black-capped chickadee flocks are generally large for northern parids, 

containing between 3-12 birds (Smith 1991), while boreal chickadees (Poecile 

hudsonica) contain on average 4 individuals (Hadley and Desrochers 2008), and grey-

headed chickadees (P. cincta) have 2-3 individuals on average (Virkkala 1990). A 
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comparative playback study across some or all of these species could help to shed light 

on how the consequences of social living influence the ability to infer social relationships 

in the wild.  
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Use of TI by Songbirds 

The results of our experiment demonstrate that male black-capped chickadees were able 

to individually recognize the song stimuli presented, extract the relative dominance 

information associated with the “singers” in the dyadic contests, and then infer which of 

two non-adjacent “singers” (never observed interacting) posed the greater threat. Our 

findings have important implications for the understanding of communication networks, 

as these abilities likely extend beyond chickadees to many species of songbirds where 

males defend territories adjacent to multiple neighbours and interact through song 

contests. For example, resident songbirds that, through year-long interactions, have an 

intimate knowledge of their neighbours could use TI to gauge the threat-level of unknown 

floaters (e.g. Peake et al. 2002). Migratory birds, on the other hand, may not be as 

familiar with their neighbours. Thus, TI could be used to gain information on their 

neighbours’ relative quality by eavesdropping on successive song contests between them. 

However, more work will be needed to determine how factors such as population density, 

territory size, and social complexity affect TI ability in different species, and could use 

approaches such as cognitive ecology to further understand the underlying psychological 

mechanisms of TI in songbirds (Healy and Braithwaite 2000). 

 

Potential Natural Uses of TI in Chickadees 

In chickadees, previous work has shown that singing behaviour can contain useful 

information for both males and females. For example, after having their females 

temporarily removed, male chickadees sing for significantly longer during the dawn 

chorus (Otter and Ratcliffe 1993). Vocal cues such as these could be useful to both sexes, 
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as females will divorce their mates if a higher-ranked male becomes available, while 

males can determine who likely threats will be (Otter and Ratcliffe 1996). Likewise, 

eavesdropping on dyadic contests can provide information to receivers on the relative 

dominance of the signallers (e.g. Mennill and Ratcliffe 2004b).  

Our current work has shown an extra layer of information-processing available to 

chickadees, and the ability to eavesdrop on multiple song contests and make inferences 

using the dominance information they provide may be useful in several natural situations. 

For example, during the dawn chorus males may engage multiple neighbours in song 

contests, and most of these interactions are between neighbours belonging to separate 

winter flocks – i.e. individuals who are unfamiliar (or, at least, less familiar) with each 

other (Foote et al. 2008). As well, these contests are often between males of similar ranks 

(Foote et al. 2008). These interactions may serve to establish and strengthen familiarity 

between the signallers, and could provide useful relative dominance information to 

eavesdroppers. Such interactions may also be common during the day at the onset of the 

breeding season, when males must establish and defend territories against both known 

and unknown males. Likewise, the death of a territorial male would create a dynamic 

environment of territorial boundary shifts, potentially causing males who may not have 

been in vocal contact before to suddenly have adjacent borders (Smith 1991). Finally, 

floater males seeking to insert themselves into neighbourhoods would also pose a threat 

to surrounding males (Smith 1991).  

In all of these cases, eavesdropping on interactions and inferring the rank of less-

familiar or previously unknown individuals may aid in future disputes. A likely 

mechanism would be that males gain information in the manner displayed by great tits 



 

51 
 

(Peake et al. 2002), judging an unknown male’s quality against that of known males. 

Female chickadees would also benefit from such an ability, as they can eavesdrop on 

song contests involving their mates and make reproductive decisions based on the 

outcomes (Mennill et al. 2002; Mennill et al. 2003). Similar to female great tits (Otter et 

al. 1999a), females could have the ability to infer the relative rank of neighbouring males 

through eavesdropping on multiple dyadic countersinging interactions, judging the 

relative quality of unknown males against that of known ones. It is obvious that these 

findings have important implications for our understanding of chickadee communication 

networks during the breeding season, as the number of uses for TI could be widespread 

for not just one, but both sexes. 

 

Alternative Explanations 

Focal males showed no preference for any particular playback stimulus, and a 

post-playback assay ensured that speaker locations were not affecting the choice of 

stimuli. As both male movement and song output did not change throughout the course of 

the trial, any sequence effects due to the non-varying order of the playbacks were likely 

negligible. Additionally, the consistencies of movement and song output, combined with 

the brevity of trials, suggests that habituation and carryover effects were likely not an 

issue. The use of acoustic stimuli avoided confounding visual factors such as badges of 

status (Rohwer 1982) and the discrimination of resource-holding potential between 

stimuli (e.g. Hogue et al. 1996). 

In their study, Mennill and Ratcliffe (2004b) offer a potential alternative 

explanation for the results they observed which should be addressed for this study as 
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well. It is possible that focal males were attentive to the overlapping intruder simply 

because their signals were the easiest to detect. However, there is really no way to control 

for this as overlapping signals, by definition, must come second. Furthermore, during the 

choice phase of this experiment there was no overlapping as simulated males sang 

alternating songs, and so the songs of both should have been equally easy to localize. 

This suggests that focal males were attentive to the information presented in the song 

contests, and not simply responding to song order. Another possibility raised by Mennill 

and Ratcliffe (2004b) was the effect of vocal interaction with the playbacks by the focal 

males. In our study almost all focal males sang multiple songs during the trials, 

suggesting they were trying to engage the simulated males vocally. However, as the 

playbacks were not interactive and the simulated songs were invariant in their timing it is 

unlikely that focal males could have been influenced by them through direct interaction.  

A note should also be made that playbacks were unchanging in their order. Thus 

the A/B playback always preceded the B/C and never the reverse, raising the possibility 

of sequence effects (Murdoch 1962). However, if a recency effect were at work, we 

would expect the C stimulus to be chosen more often than the A, which was not the case. 

A primacy effect (wherein we would expect A to be chosen more often), on the other 

hand, cannot be so easily discounted for that same reason. However, as song output and 

male movement did not vary significantly throughout the three playback phases, it 

suggests that males were equally-attentive throughout the entirety of trials, and that any 

effects due to habituation or carry-over were unlikely. The only way to fully control for 

this, however, would be to run additional trials where the order of the A/B and B/C 

playbacks are determined randomly for each trial.  
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The observers in this experiment were not blind to which speakers were playing 

the A, B and C stimuli. To improve upon this study and to reduce the potential for 

observer bias in the future, observers with no knowledge of dominance signals in 

chickadee song contests should be used. Alternatively, trials could be videotaped, with 

male movements scored by independent observers. 

This experiment consisted of only three stimuli (A, B, and C), as opposed to five 

(A to E) dictated by traditional testing methods (Bryant and Trabasso 1971), as a three 

stimuli test was more natural for wild chickadees. For example, observed singing 

interactions in the dawn chorus commonly involved three males, but never involved more 

than four (Foote et al. 2010). If desired, a five-stimulus system for chickadees could 

potentially be stretched across multiple days (e.g. a sample playback regime – day 1: 

A/B, B/C; day 2: C/D, D/E day 3: B/D test), as five successive playbacks on a single day 

would be unlikely to work from a logistical standpoint (males would likely become 

habituated and a five-speaker setup would be difficult to employ). However, I can also 

imagine a multiple-day test encountering several problems due to frequent territory shifts 

(both major and minor), the death of focal males from predation, and decreased 

motivation to respond to playbacks with the onset of egg-laying (as males spend most of 

their time feeding their females; Orr and Verbeek 1984). Thus it would not be surprising 

for researchers to find, having trained a focal male on most of the dominance hierarchy, 

that one day their playback location is no longer within the male’s territory, or that he no 

longer responds to lures (either through habituation, death, or preoccupation with his 

female). As well, with an increased number of playbacks also come increased chances of 
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neighbouring males being attracted during a playback, which would require the trial to be 

aborted.  

It should be mentioned that with regards to operant TI tasks, the five-stimulus 

system has received its share of criticism. Firstly, while many believe that the testing on 

the B/D pairing provides unambiguous proof of cognitive reasoning and TI (e.g. Dusek 

and Eichenbaum 1997), this may not be the case. What may be occurring instead is a 

“positive value transfer”: although B and D have been rewarded an equal number of 

times, the animal associates B with A, which has always been rewarded (and thus accrues 

some of its value), while D is associated with E, which has never been rewarded (von 

Fersen et al. 1991; Zentall and Sherburne 1994; Weaver et al. 1997). Likewise, DiLillo et 

al. (2001) trained a simple neural network, equipped with minimal competencies, on a 

five-stimulus system and found that its performance on the B/D choice matched those of 

children and non-humans. This shows that reinforcement history and a simple error-

correcting mechanism can generate transitive behaviour without requiring higher 

cognitive functions. This neural network even displayed three common features observed 

in animal testing: the end-anchor effect (mentioned above), the symbolic distance effect 

(with increased distance between the non-adjacent pairing, the faster/better a choice is 

made), and the lexical marking effect (comparisons involving A are made better/faster 

than comparisons involving E). However, animals presented with vicarious dominance 

information (i.e. they are not part of the hierarchy themselves) should avoid these 

problems, as there are no rewards involved (Grosenick et al. 2007; Penn et al. 2008).  
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Directions of Future TI Research in Chickadees 

With regards to future TI research in the breeding season, studies could use a 

modified version of the current experiment to test TI on males whose territories are 

adjacent to the playback setup, as male chickadees eavesdrop on countersinging 

interactions that occur outside of their territories (Fitzsimmons et al. 2008b). Instead of 

targeting males on the centre of their territories, a multispeaker setup could be placed in 

the uninhabited interstitial spaces between territories (similar to the methods used by 

Fitzsimmons et al. 2008b). This would give insight to the amount of attention males place 

on serial interactions between countersinging rivals outside of their territories. Such a 

method could even employ the five-stimulus method described above, as it would not 

require males to be directly engaged during the non-choice playbacks, and would 

therefore avoid the problem of attracting males to the experimental setup for each 

successive playback. The results could be applied to our understanding of the dawn 

chorus, for example, where males routinely hear multiple neighbours engaging one 

another (Foote et al. 2008), and would unveil an exciting new layer of complexity to 

songbird communication networks. 

The disparity in choice consistency with age in the present study presents an 

interesting case which could warrant further study. The results of this study and that of 

Mennill and Ratcliffe (2004b) suggest that experience plays a role in the decision-making 

processes of chickadees when defending their territories against intruders. Similarly, 

Weiss et al. (2010) found that the early social environment in which geese were exposed 

affected their subsequent abilities at performing a TI task; birds originating from smaller 

family groups learned the dyadic pairings faster than those from larger groups. At first 
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this seems contradictory, as social complexity would be negatively correlated with TI 

ability. They hypothesize that this may be due to the fact that smaller family groups are 

often attacked by others, while larger family groups are immune to such attacks. Thus, 

individuals from smaller families get more experience viewing dominance interactions.  

However there is also another possibility in the disparity of focal male choices in 

the A/C test. As chickadee social rank is associated with age (Smith 1991; Otter et al. 

1999b; Schubert et al. 2007), the focal SY males were likely low-ranking relative to their 

ASY flockmates (although this is not always the case; Schubert et al. 2007). There is a 

possibility that focal males were self-aware, possessing not only information on the 

intruders’ ranks, but their own rank as well. While high-ranking males may have little to 

fear from intruders (although see Mennill and Ratcliffe 2004a), confronting a dominant 

could result in cuckoldry, loss of territory, or even physical injury for low-ranking males. 

Thus they may wish to avoid such confrontations. This is counter-intuitive, as all males 

should defend against intruders posing the highest threat (discussed below). Therefore, 

males who do not defend against high-quality intruders may be unsuccessful at holding 

their territories or their females throughout the breeding season. As males were not 

monitored throughout the breeding season in this study it is unknown if those which 

chose C were as successful (in terms of reproduction and territory defence) as those 

which chose A, and future studies could examine this.  

 Of course, the two above theories on experience and self-awareness affecting 

males’ choices are not necessarily mutually exclusive, and it would be difficult to 

disentangle the effects of both. A possibility for examining the age/rank relationship 

would be to test the same males over multiple years. With time all males will gain 
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experience in territory defence, but only some may gain high rank (Schubert et al. 2007). 

Such multi-year tests could provide a clear picture on the relationship between age and 

rank in the territory-defence strategies of chickadees. 

It could be argued that – on the whole – the ability for chickadees to display TI is 

less important during the non-breeding season than it is during the breeding season. 

Firstly, chickadee dominance hierchies are stable and serious fights are rarely observed in 

the winter, even when two flocks happen to meet (e.g. Smith 1967). Even if an individual 

were to misjudge a rival’s rank, resulting in an altercation, the consequences of losing 

such an interaction are likely very low (they are not removed from the flock, for 

example). On the other hand, misjudging an intruder’s quality during the breeding season 

could have serious repercussions for males. Chickadees are short-lived, with average 

lifespans estimated at less than two years for both sexes (Smith 1994), and only 25% of 

males and 20% of females survive to a third winter in the population studied at the 

Queen’s Biology Station (Schubert et al. 2007). Thus for many males, their first breeding 

season will likely be their last, and every opportunity should be taken to secure a genetic 

legacy. The speed in which the focal males were able to make inferences of rank in the 

present study speaks to the importance that territorial males must place on gaining 

information on unknown individuals. While this does not necessarily mean that TI could 

not be displayed during the non-breeding season, it may mean that more subtle tests must 

be employed so that focal birds are motivated to make such inferences. Such studies 

would require special attention to be placed on each bird’s age, sex, rank (both relative to 

any live stimulus birds used and in their original flocks), and other such variables, so that 

appropriate tests could be devised for each focal subject (i.e. the pressures to make a 
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dominance inference most likely differ for a high-ranking ASY male and an SY female 

who is the lowest-ranked member of her flock).  

Such detail would necessarily improve upon the experiments attempted during the 

course of this thesis (see Appendices 1 and 2), as we were unable to find evidence of TI 

during the non-breeding season using aviary trials. Focal SY males and females showed 

no preference to feed beside either dominant or subordinate stimulus birds (in both 

adjacent and non-adjacent pairings; Appendix 2), nor beside mounted skins which had 

been previously placed in “dominant” and “subordinate” positions (Appendix 1). Again, 

these results do not suggest that chickadees cannot perform TI in the non-breeding 

season, but simply that they may not have been adequately motivated to do so using the 

current methods. Future studies may benefit from the use of increased information of 

each bird (listed above), as well as modifications to the experimental design. Such 

modifications might include increased acclimation times for the birds used to ensure they 

are suitably comfortable with their surroundings such that useable information is both 

provided (i.e. clear dominance interactions between stimulus birds) and received (i.e. by 

focal birds). If a way could be found, a more natural approach may also be beneficial. 

One of the strengths of the playback study was that it presented focal males with a fairly 

natural situation in which they were highly-motivated to make an inference. The aviary 

trials, however, deviated from such natural contexts, and thus future studies should be 

designed with this in mind.  

Laboratory-based operant TI tests in both the breeding and non-breeding seasons 

could provide an interesting avenue of research. Neuronal recruitment in the hippocampi 

of adult chickadees will vary seasonally, with heightened recruitment in the late fall, most 
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likely in preparation for increased spatial-memory demands associated with winter food-

stores (Hoshooley and Sherry 2004). This presents an interesting path for future TI 

research; captive chickadees could be tested on operant TI tasks in both the spring (when 

spatial memory demands are low) and the late fall (when neuronal recruitment is at its 

peak) to test whether TI ability varies throughout the year – even within the same 

individual – as a factor of seasonally-mediated physiological changes. 

 

Cognitive Reasoning? 

 To this point the elephant in the room has been the question of whether or not 

chickadees are actually utilizing cognitive reasoning and not simply conditioned 

associations to make their inferences of rank. For cognitive reasoning to take place, the 

animals must be explicitly representing orderings and using these representations to infer 

the non-adjacent pairings (Zentall 2001). As the work of De Lillo et al. (2001) with a 

simple neural network shows, the burden of proof lies on researchers who claim animals 

are using cognitive reasoning when making inferences. However, one of the strengths of 

using naturally-framed experiments in displaying transitive reasoning tasks (i.e. Paz-y-

Miño et al. 2004; Grosenick et al. 2007) is that it avoids the training regime paradigm 

which is largely the source of uncertainty in determining the reasoning abilities of 

animals performing TI tasks (Lazareva et al. 2004). The ability of animals to combine 

pieces of dominance information and make rational choices to alter their behaviour with 

respect to that information (e.g. Hogue et al. 1996; Silk 1999; Paz-y-Miño et al. 2004; 

Grosenick et al. 2007) is enough to rule out traditional associative explanations for TI-

like behaviour, instead showing that a much more complex reasoning process is taking 



 

60 
 

place (Penn et al. 2008). Thus, we can safely say that the focal chickadees were using 

some form of transitive reasoning when choosing which simulated intruder to defend 

against. However, as Penn et al. (2008) point out, the studies of Paz-y-Miño et al. (2004) 

and Grosenick et al. (2007) – and now this one, as well – only show a single type of 

transitive reasoning by animals: who is dominant to whom? As the examination of natural 

TI in animals is still in its infancy, much work is still needed to determine how 

sophisticated these abilities are. Humans can infer not only that A is dominant to C, but 

several more layers beyond that (Goodwin and Johnson-Laird 2005). For example, 

humans can tell whether the degree to which A is more dominant to B is greater than the 

extent to which B dominates C. Or, if an individual – “M” – is in the middle of a 

dominance hierarchy, humans can infer who is dominant to M and who is subordinate. 

Obviously such work on animals will be some time in coming, but our study will 

hopefully help lay the groundwork for seeing these studies come to fruition.  

Conclusion 

 The ability to transitively infer the linear relationships between objects has been 

demonstrated in a number of species since the 1970s, but the last decade has seen the 

emergence of studies focussing on the social background of TI. Our study is the first to 

demonstrate TI being used in a natural context using untrained animals. Male black-

capped chickadees can use TI to infer the relative ranks of territorial intruders whom they 

have never encountered before by extracting information from dyadic song contests. This 

has far-reaching implications for our understanding of songbird communication networks 

as the possible natural uses of TI in such a context could be numerous, and as such, 

several new avenues of research could be pursued. 
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SUMMARY 

1. Transitive inference has long been seen to be the benchmark for logical-relational 

reasoning in non-human animals. Three decades of laboratory research have 

provided evidence that animals can appear to use transitive-reasoning abilities to 

some degree. Work has begun to show evidence for the natural role of the ability 

in social hierarchies. 

2. Songbirds, through their use of extensive communication networks and ability to 

eavesdrop on conspecific interactions, provide an excellent system to test for the 

occurrence of natural-TI using playback experiments. Black-capped chickadees 

utilize year-round dominance hierarchies and complex communication networks 

during the breeding season, making them excellent candidates for using TI in 

daily life. 

3. We tested the ability of territorial males to infer the dominance of unknown 

intruders by using a multispeaker playback experiment. Focal males were 

presented with the relative dominance of three simulated intruders using 

successive song contests. They were then asked to choose between two of the 

intruders not compared directly. We hypothesized that males would choose to 

defend against the highest-ranked intruder. 

4. Most focal males approached the dominant speaker during the choice phase, 

consistent with our prediction. There were also age effects with regards to choice, 

as ASY males more consistently approached the dominant speaker, while SY 

males were more variable in their choices.  



 

62 
 

5. This work is the first to show TI occurring in a natural setting through controlled 

experiments. This also has important implications for our understanding of 

chickadee communication networks during the breeding season, as the possible 

uses of TI could be widespread for both sexes.  
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APPENDIX 1 

TI IN THE NON-BREEDING SEASON: STATIC MODELS 

Static models (i.e. mounted skins) were tested for their ability to provide dominance 

information to focal observers in aviary trials. Static models would have provided many 

benefits, mainly through reducing the time and effort needed to catch birds (requiring 

only one bird per trial). These trials were not testing for full TI, but examining if a focal 

bird could determine the relative rank of two models mimicking positions assumed by 

dominant and subordinate birds at food sources. We hypothesized that when given the 

choice, focal birds would prefer to feed beside the model they perceived to be the least 

threatening. Four models were created from specimens stored in freezers at both the 

Queen’s Biology Station and the BioSciences Complex at Queen’s. All models were 

male, three were SY, and one ASY. 

Trials were carried out between 09:00 and 15:00h, from December 17, 2009 to 

January 11, 2010. A focal bird (either male or female) was captured and its sex was 

determined using the discriminant analysis developed by Desrochers (1990). Age was 

also determined by examining the tail feathers (Smith 1991), with only SY birds used in 

experiments. The focal bird was then placed in a 35.5cm x 40.6cm x 35.5cm cage in the 

centre compartment of the aviary, mounted on the mesh screen separating it from the 

compartment which served as the choice zone for Woodcock et al. (2005). The focal bird 

was provided with three sunflower seeds (enough to see that the bird was comfortable 

enough with its surroundings to eat, but not enough to fully satiate it) and allowed to 

acclimate for up to 20 minutes. A bird was deemed sufficiently acclimated if it had eaten 
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all three sunflower seeds within the 20 minute period. All birds (N = 21) met this 

criterion.  

The focal bird’s view of the choice zone was then obscured by placing a large 

sheet of plywood in front of the cage, and a columnar birdfeeder was hung in the adjacent 

compartment (the choice zone). This feeder was positioned approximately 90cm away 

from the focal bird, and had two of the models placed on it. One model was arranged in a 

“dominant” position (placed on the perch next to the source of the seeds) while the other 

was in a “subordinate” position (on the bottom of the feeder, placed on an angle – 

mimicking a subordinate hanging off the side of a feeder). Each model had a small white 

feather placed on its wing, tail, or cap to impart a distinguishing characteristic, so as to 

aid the focal bird in individual model recognition. The use, rank, and feather placement of 

models was determined randomly for each trial.  

The focal bird was allowed to view the models for 10 minutes, after which their 

view was obscured and the feeder was removed. After a five minute break, two feeders 

were placed on either side of the focal bird’s compartment, one with the dominant model 

and the other with the subordinate, each guarding a small pile of seeds (the side which the 

dominant/subordinate models were placed was switched with each trial). The focal bird 

was then released from the cage and its feeding behaviour monitored (both by observers 

with dictaphones and by videotape) for 20 minutes. 

In total, 21 birds were tested, of which 18 (14 males, 4 females) could be used in 

analyses (i.e. they fed at least once from a feeder during the trial). Focal birds showed no 

significant difference in their first choice of feeding location (beside the dominant model: 

N = 8; beside the subordinate: N = 10). When considering focal birds that made only 
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consistent choices (i.e. they fed beside only the dominant or subordinate model for the 

entire 20 minutes) there was also no significant difference between the dominant (N = 6) 

and subordinate (N = 5) models. There were no significant morphological differences 

between the focal birds which chose the dominant and subordinate models (weight, tail 

length, wing length, and discriminant score) or their latency to take the first seed (all P 

values > 0.05). 
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APPENDIX 2 

TI IN THE NON-BREEDING SEASON: LIVE STIMULI 

These aviary trials took place from January 17 to February 7, 2010, and tested for TI by 

presenting focal observers with hierarchy information using live stimulus birds. Trials 

took place between 09:00 and 14:00h.  

Three males were captured and their relative dominance determined by placing 

them in a large (85cm x 44.5cm x 43cm) birdcage suspended from the centre 

compartment of the aviary. The cage contained four perches, two sources of water, and a 

source of sunflower seeds. To determine rank, males were put in pairwise (e.g. male 1 

with 2, 1 with 3, and 2 with 3) for 15 minutes at a time. During this time, two 

independent observers with dictaphones monitored the males and noted each dominance 

interaction. A male was deemed dominant if the following behaviours were displayed 

consistently: a) supplanting the other male from its perch, b) supplanting the other male 

from the food source, and/or c) was avoided by the other male (the most commonly 

observed). Dominance interactions were also videotaped. The final result was a clear 

dominance hierarchy of A > B > C for the three males. During this time, a focal female 

was kept in a 35.5cm x 40.6cm x 35.5cm cage mounted on the mesh wall of the centre 

compartment, approximately 90cm from the large cage housing the stimulus males. Each 

focal female was provided with a small amount of sunflower seeds and water ad libitum 

during this time. The focal female’s cage was covered and the female could not view the 

stimulus males during acclimation.  

Once the stimulus males’ dominance had been determined, the cover was 

removed from the focal female’s cage (along with its food), giving it visual access to the 
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large cage. The focal female was then allowed to view males A and B for 15 minutes, 

where it was assumed to have been presented with the information that A was dominant 

to B. After 15 minutes the cover was replaced on the focal female’s cage and males A 

and B were removed. Each stimulus male (A and B) were then placed in two 35.5cm x 

40.6cm x 35.5cm cages hung from the roof on each side of the centre compartment. Each 

cage had a small feeder mounted on its exterior, and both were filled with equal amounts 

of sunflower seeds (the stimulus birds also had access to food and water). The focal bird 

was then released from its cage and its feeding behaviour monitored for 20 minutes, with 

two observers noting the exact time and location of each seed taken. After 20 minutes had 

elapsed the focal bird was re-caught and placed back in the covered cage. Males B and C 

were then placed in the large cage and the focal bird allowed to view them for a further 

15 minutes. At this time the focal female was assumed to have been presented with the 

information of A > B, and B > C. Males A and C were then placed in the two cages on 

either side of the aviary compartment (with male A on the opposite side from before), and 

the focal bird allowed to feed for another 20 minutes. It was hypothesized for both choice 

phases that the focal female would prefer to feed beside the less-threatening, subordinate 

birds (B and C). 

In total, 11 focal females were tested, with two trials being stopped early due to 

the focal bird making no choice between A/B, leaving nine trials which could be used in 

analyses. Focal birds showed no preference to approach and feed first from one feeder 

(i.e. beside male A or male B; N = 5 and 4), or beside male A and male C (N = 3 and 6). 

When considering the consistency of choices between A/B and A/C (i.e. the focal female 



 

79 
 

choosing the dominant or subordinate both times), there was no significant difference 

(Table 1) (all P values > 0.05). 

Table 1. First choice of feeding location by focal birds in the first and second choice trials.  
 

Chose A then A 
(Dominant) 

Chose B then C 
(Subordinate) 

Chose A then C 
(Inconsistent) 

Chose B then A 
(Inconsistent) 

2 3 3 1 
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