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ABSTRACT 

The existence of behavioural traditions – that is, cross-generational socially mediated 

learning of a behaviour - in non-human animals has been the subject of intense debate in the 

last decade. To classify as a behavioural tradition, a behaviour must be acquired by naïve 

individuals through learning that must in some way be mediated or facilitated by the 

behaviour of a conspecific. The overarching aim of this thesis is to further our understanding 

of behavioural traditions in capuchin monkeys. To do so I examine the acquisition of new 

behaviours via socially-biased learning in two groups of wild bearded capuchin monkeys 

(Sapajus libidinosus) inhabiting the Serra da Capivara National Park, Piauí, Brazil. More 

specifically, the thesis answers three main questions: (1) what are the opportunities of social 

learning; (2) how can social learning be identified in wild populations and (3) how do social 

biases in the transmission of information affect the final behavioural repertoire of the groups. 

To address the first question I describe the social context in which the capuchin monkeys live 

as a means to characterise the opportunities monkeys have of learning from one another. My 

findings confirm Coussi-Korbel & Fragaszy’s (1995) predictions that capuchin monkeys have 

relationships conducive of both non-specific social learning and directed social learning. 

Using social network analysis I portray the groups’ social structures based on different 

measures of relationships and describe how patterns of association (social proximity, co-

feeding) depict opportunities for non-specific social learning, while interactions (grooming, 

social play) are conducive to directed social learning. The second question is answered by 

implementing an open-diffusion field experiment and the application of novel data analysis 

methodologies (NBDA: Franz & Nunn 2009 and Option-bias: Kendal et al 2009) designed 

for studying social learning in wild populations. NBDA found that when the social 

transmission model was informed by observation networks, it presented a better fit to the 

diffusion data, thus providing evidence for social learning of the foraging tasks. Moreover, 

only observation from shorter distances produced these results, indicating that observation of 

the task, from close up, was needed for the behaviour to be acquired. Other social networks 

also provided evidence for social learning in both groups, predominantly those based on 

grooming relations for the lift-pull task and co-feeding relations for the tube-task. To address 

the third question I examine possible transmission biases, addressing, in particular, 

frequency-dependent and model-based transmission biases. Given the homogeneity of 

behavioural variants for solving foraging task, rigorous conclusions regarding frequency-

dependent biases were not possible. The model-based bias revealed a selective attention 

towards proficient individuals, resonating with what has been described for tool-aided nut 

cracking in semi-free capuchin (Sapajus spp.: Ottoni et al 2005, Coelho et al, 2015) and wild 

capuchin monkeys (Sapajus libidinosus: Coelho et al 2008). Considering opportunities of 

social leaning and transmission biases together allows us to further the understanding of the 

dynamics involved in the establishment and maintenance of shared practices and of the 

spread of behavioural traditions across populations. 

  



 

 

 

 

RESUMO 

A existência de tradições comportamentais – comportamentos transgeracionais adquiridos 

por aprendizagem socialmente mediada - em animais não-humanos tem sido objeto de 

intenso debate na última década. Para classificar uma tradição como comportamental, um 

comportamento deve ser adquirido por indivíduos inexperientes através da aprendizagem que 

deve, de alguma forma, ser mediada ou facilitada pelo comportamento de uma mesma 

espécie. O objetivo central desta tese é avançar nossa compreensão acerca das tradições 

comportamentais em macacos-prego. Para fazer isso, eu analiso a aquisição de novos 

comportamentos através da aprendizagem socialmente mediada em dois grupos de macacos-

prego selvagens (Sapajus libidinosus) que habitam o Parque Nacional da Serra da Capivara, 

Piauí, Brasil. Mais especificamente, a tese responde a três perguntas principais: (1) quais são 

as oportunidades de aprendizagem social; (2) como a aprendizagem social pode ser 

identificada em populações selvagens e (3) como os vieses sociais na transmissão de 

informações afetam o repertório comportamental final dos grupos. Para abordar a primeira 

pergunta eu descrevo o contexto social em que os macacos-prego vivem como forma de 

caracterizar as oportunidades que os macacos têm de aprender uns com os outros. Meus 

achados confirmam as hipóteses de Coussi-Korbel & Fragaszy (1995) de que os macacos-

prego têm relacionamentos propícios tanto para a aprendizagem social não-específica como 

para a aprendizagem social dirigida. Usando a análise de redes sociais eu descrevo as 

estruturas sociais dos grupos com base em diferentes medidas de associações e interações 

sociais. Descrevo como os padrões de associação (proximidade social, co-alimentação) 

representam oportunidades para aprendizagem social não-específica, enquanto as interações 

(catação, brincadeira) são propícias a aprendizagem social dirigida. A segunda pergunta é 

respondida através da implementação de um experimento de campo em difusão aberta e a 

aplicação de novas metodologias de análise de dados (NBDA: Franz & Nunn 2009 e Option-

viés: Kendal et al 2009), concebidas para estudar a aprendizagem social em populações 

selvagens. NBDA revelam que, quando o modelo de transmissão social foi informado por 

redes de observação, apresentou um melhor ajuste aos dados de difusão, proporcionando 

assim evidência de aprendizado social das tarefas de forrageamento. Além disso, apenas a 

observação de distâncias mais curtas produziram esses resultados, indicando que a 

observação de perto, era necessária para o comportamento a ser adquirido. Outras redes 

sociais também forneceram evidências para a aprendizagem social em ambos os grupos, 

predominantemente aqueles baseados em dados de catação referentes ao experimento lift-pull 

task e de dados de co-alimentação ao que se refere ao experimento tubo-task. Para abordar a 

terceira questão eu examino possíveis vieses de transmissão (transmission biases), em 

particular, vieses de transmissão baseados no modelo e vieses de transmissão frequência-

dependentes. Dada a homogeneidade das variantes comportamentais, não foi possível se 

chegar a conclusões consistentes referentes aos vieses de transmissão frequência-

dependentes. O viés de transmissão baseado no modelo revelou uma atenção seletiva para os 

indivíduos proficientes, em consonância com o que foi descrito para a quebra de cocos por 

uso de ferramenta macacos-prego semi-livres (Sapajus spp: Ottoni et al 2005, Coelho et al, 

2015) e macacos-prego selvagens (Sapajus libidinosus: Coelho et al 2008). Considerando-se 

as oportunidades de aprendizagem social e os vieses de transmissão, em conjunto, permite-

nos avançar na compreensão da dinâmica envolvida no estabelecimento e manutenção de 

práticas compartilhadas e da disseminação das tradições comportamentais entre populações. 
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This thesis is organised around three main chapters. The over-arching theme of 

this thesis is the acquisition of new behaviours by wild bearded capuchin monkeys 

(Sapajus libidinosus) via socially-biased learning. In the first results chapter (chapter 3), 

I compare different types of affiliative relationships between members of two different 

groups of wild capuchin monkeys in order to describe the social context in which the 

monkeys may learn from one another. In the second results chapter (chapter 4), I 

empirically identify socially-biased learning by means of an open-diffusion field 

experiment and the application of novel data analysis methodologies designed for 

studying social learning in wild populations. In the third and final results chapter 

(chapter 5), I examine transmission biases, addressing, in particular, frequency-

dependent and model-based transmission biases. Each of the results chapters contain a 

brief discussion section specifically attuned to the topic therein. A broader discussion, 

dialoguing the finding in this thesis with the current literature, is presented in the 

general discussion (chapter 6), to avoid unnecessary repetition.  

I begin the introduction to this thesis by exploring how the field of social learning 

has developed over time and how social learning and behavioural traditions have been 

studied in capuchin monkeys to date. I outline how methodological advancements are 

helping researchers to describe primate social structures and to detect social learning in 

wild populations, thus, setting the stage for the chapters to follow.  

 

 

As with most themes in the Life Sciences, the discussion about social learning in 

animals was already present in Darwin's questioning. Anecdotes from Darwin's 

contemporaries recount instances in which animals, after seeing another animal behave 

in a certain way, performed the same action or behaviour, thus having advantage over 

those ‘cunning enough’ to copy. Romanes (1882, cited Shettleworth, 2010), as well as 

Darwin himself, defended the existence of a mental continuity that followed 

sequentially from "lower animals" up to man. Within this anthropocentric perspective of 

the age, the first enquiries in this field of research focused on whether animals could 

reproduce that which they seen being done, an ‘imitative’ ability. Perhaps the most 

relevant contribution to the field of social learning came from Thorndike (1911, cited 

Shettleworth, 2010) in the beginning of the twentieth century, when he proposed the 



 

 

9 

 

classic experiment of a ‘problem box’. Thorndike greatly enriched this line of study, 

providing a means of empirically testing for ‘imitation’ in animals by means of a 

controlled experimental set-up. From his experiments he concluded animals lacked 

imitative abilities. 

Thorndike’s experiment with the ‘problem box’ was the first in a long line of 

experiments based on the model-observer paradigm. Generally, a subject is trained to 

perform a task and, once proficient, it is placed in front of a naïve individual who 

observes the model’s performance. Next, the observer is given a chance to solve the 

task. If the animal solves the task in the same way as it observed the model solving it, 

then copying is said to have occurred. For decades, experiments based on this paradigm 

have been refined and an extensive terminology has accumulated to describe various 

types of social learning mechanisms. Among these are: stimulus or local enhancement
1
 

(Campbell et al, 1999), emulation, and various kinds of imitation
2
 (Ham & Whiten, 

1992; Call & Tomasello, 1997; Byrne & Russon, 1998). In general, studies have shown 

that animals learned the new task, but that imitation – i.e. copying the action after 

seeing it being done - was rare in non-human animal species. In most cases, the 

acquisition of a new behaviour occurred primarily by other forms of social learning or 

simply by trial and error (for a recent review on social learning mechanism see chapter 

4 from Hoppitt & Laland, 2013). 

 

Two-action task: a two action paradigm for studying social learning mechanisms 

Studies on social learning mechanisms require experiments to control the 

environmental and social variables. This methodology, pioneered by Dawson & Foss 

(1965), usually consists of two-action task experimental set-ups conducted with animals 

in captivity. These are similar to the experiments described above, however now the 

problem box can be solved in two discrete ways. The model is trained, in isolation, to 

                                                           
1 Campbell et al (1999, p. 151) define stimulus and local enhancement as “when a naïve 
animal learns about the presence, location and/or value of stimuli, objects or events in the 
environment" 
 
2The concept of imitation is still hotly debated among academics. Broadly, it refers to 

situations where an individual replicates the exact movements of another individual after 

having observed it (Tomasello & Call, 1997) or the functional structure of other individual's 

behavior ("imitation at program level," Byrne & Russon 1998). "Emulation", on the other 

hand, does not require that the movements are accurate and, therefore, the individual need 

only manipulating elements in an idiosyncratic way as long as it leads to the expected result 

(Whiten & Ham, 1992).  
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solve the problem with one of two possible actions. Once the model has reached a 

required proficiency in solving the task, s/he is paired with a naïve observer, 

demonstrating to her/him the trained action several times. Finally, the observer is given 

the chance to solve the task, which can be done by two different means, only one of 

which it has observed previously. This procedure is repeated with N observers; if they 

reproduce the option that was seen being done by the demonstrator, then there is basis 

to affirm that social learning is occurring. Conversely, if the observers solved the task 

without a bias towards the demonstrated method, then no imitation has occurred. 

Moreover, the level of fidelity in the reproduction of behaviour and the elements that 

have been reproduced may indicate the type of learning process (imitation, emulation, 

stimulus enhancement, among others). There are countless studies of two-action tasks 

conducted with a wide range of animal species (starlings: Campbell et al, 1999; 

parakeets: Heyes & Saggerson, 2002; marmosets and tamarins: Voelkl & Huber, 2000, 

Day et al, 2003, Caldwell & Whiten, 2004; orangutans: Custance et al., 2001; 

chimpanzees: Whiten et al, 2005, Hopper et al, 2007; capuchin monkeys: Custance et al, 

1999, Dindo et al, 2007 - to name a few). Here I shall focus primarily on the set of 

studies conducted with capuchin monkeys and on methodologies, which have in one 

way or another, advanced the field in its attempts to identify social learning in animals. 

Custance and colleagues (1999) designed an apparatus (called and ‘artificial 

fruit’) that could be opened by a total of four different actions (poking the front of a rod, 

twisting front of a rod, turning a handle or pulling a handle). Succeeding in opening the 

‘artificial fruit’ resulted in the animal finding a reward. The task was presented to 11 

adult capuchin monkeys bred in captivity, using a human care-taker as a demonstrator. 

The care-taker solved the task using one of the four actions in front of each monkey 

separately. After re-baiting and assembling the box out of sight from the subjects, the 

apparatus was given to the monkeys for a total of two minutes each. Independent 

researchers (who had not taken part in the experiment) coded video recordings of the 

actions used by the monkeys attempting to solve the task. These researchers were able 

to correctly identify the action witnessed by the capuchins, based on the types of 

manipulations the monkeys performed on the apparatus. A micro-analysis of videos 

revealed that capuchin monkeys even reproduced the direction in which the rods were 

removed, and the authors conclude that it is likely the monkeys were learning to solve 

the task by object movement re-enactment (a form of emulation). However, these 

capuchin monkeys have a high level of acculturation, as they were raised within human 



 

 

11 

 

families as part of an aid project for people with disabilities. Enculturated primates are 

more attentive to human movements and so may even have learned more subtle aspects 

of object relationship / hand movement than might be expected from wild or captive but 

non-enculturated primates (Bard & Gardner, 1996). So enculturated capuchin monkeys 

were able to copy the actions of a human demonstrator, but could uncultured capuchin 

monkeys learn from other capuchins? 

Dindo and collaborators (2007) tested captive capuchin monkeys with a two-

action task in an experimental set-up in which models and observers were conspecifics. 

This study used a diffusion chain paradigm to investigate whether capuchin monkeys 

would be able to learn a new foraging task by observing a conspecific solving the task 

using one of the two available actions. To do so, two monkeys were isolated from their 

respective social groups and trained to solve the two-action task, each with one of two 

possible actions (lift or slide). Once these had reached the desired level of proficiency, 

each of the demonstrators was paired with a naive observer who, after observing 20 

demonstrations, was tested alone with the task to see which action it would use. The 

observer, having learned to solve the task (irrespective of the action used), was then 

assigned as a demonstrator, and solved the task before a naïve conspecific. This 

procedure was repeated along a chain of individuals. Two chains were produced, each 

having started with one of the actions (lift or slide). Dyads were chosen based on social 

tolerance information (assessed through co-feeding and social interaction data) collected 

before the experiment. In doing so, researchers created an ideal tolerance context, with 

demonstrators being slightly dominant over observers, thus guaranteeing that the 

information of how to solve this foraging task was transmitted along the chains, 

representing ‘pseudo-generations”. By including conspecific models this experimental 

set-up was an improvement on previous ones. However, the pairing of dyads based on 

perfect social tolerance is lacking in ecological validity; studies with more natural social 

contexts would be desired. 

As part of Dindo’s et al (2007) research four monkeys were used as controls, and 

given the task without having received any training or having observed any 

demonstrations of how to solve the task. Three out of the four control monkeys 

managed to solve the task (two used lift and one used slide), indicating that the behavior 

was easy enough that it could be innovated several times. However, fidelity in the use of 

the variants indicates some form of social learning. Dindo and colleagues (2007) avoid 

making statements on the mechanisms behind the acquisition of the new behavior; they 
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simply state that the fidelity in the use of the options is a sign of some ability to copy 

the action (lifting or sliding the door by imitation) or as the result of the object’s 

movement (door on top vs. door to the side, a sign of emulation).  

 

Socially-biased learning: moving away from social learning mechanisms and towards 

a greater focus on the social context of learning 

An emerging field that could greatly contribute to the understanding of the 

mechanisms underlying social learning is the research on mirror neurons. The Mirror 

Neurons System (SNE) was originally described in the premotor cortex of rhesus 

monkeys and consist of neurons that are activated both when an individual performs an 

action and when an individual observes the same action being performed by a 

conspecific. This neural representation common to both perception and enactment of a 

behaviour, has led to the proposition of the direct-matching hypothesis. This hypothesis 

offers an explanation of the proximal mechanisms behind neonatal imitation, imitation, 

and theory of mind, among others aspects of cognition. The direct-matching hypothesis 

advocates that our understanding of the actions of others stems from a matching process 

in which the action observed is matched to the equivalent mental representation that the 

individual has of its own actions (Rizzolatti & Craighero, 2004). 

When the action observed is not present in the individual's motor repertoire, it is 

interpreted by other brain areas. However, when the action is known to the observer, the 

motor neuron system automatically resonates in response to the action being observed. 

Existing studies point to a need for prior action by the individual before it can perceive 

the actions or objectives of others. Infants were only able to recognize the purpose of 

the actor (e.g. reach for an object) when they already had experience with that same 

action. (Kanakogi & Itakura, 2010). Little is known about the development of the 

direct-matching mechanism and studies about its ontogeny are needed. Neonatal 

imitation studies, however, point to the possibility that the mirror neurons are active 

from birth (Ferrari et al, 2006) (see Gariépy et al, 2014, for a review on social learning 

and neural basis). 

The perception-action mechanism as described above appears to be the neural 

basis for transforming an observed behaviour into the enactment of a similar behaviour 

in human and nonhuman primates. Furthermore, this theoretical framework is in line 

with current thinking that social and asocial learning depend on the same basic 

mechanisms of associative learning. What makes learning distinctively social is that the 
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input is somehow biased by other agents, via perceptual, attentional or motivational 

processes (Heyes, 2012).  

The findings described above are also in agreement with the proposal made by 

Fragaszy and Visalberghi in their 2001 paper, "Recognizing the Swan: Socially-biased 

Learning". In this paper the authors suggest we adopt the term socially-biased learning 

instead of "social learning", given that, ultimately, learning is always an individual 

endeavour.  The metaphor of the swan was adopted to portray the elegance in the 

simplicity of the mechanisms involved in socially-biased learning as proposed by them, 

namely associative learning, subject to biases that social context can produce. The 

authors predict that socially-biased learning is likely to occur in a broad spectrum of 

animals since it is not the result of specific cognitive processes but depends on the same 

basic learning mechanisms present in most animals.   

In the same article, Fragaszy & Visalberghi (2001) criticize the idea that imitation 

is necessary for behavioural traditions and state that new behaviours can become group-

wide shared practices maintained over time by a simpler mechanism, such as, socially-

biased learning. The “ugly duckling” in there analogy are the simpler mechanisms, such 

as stimulus enhancement, which nevertheless can foster social learning. The authors 

emphasize that, to understand how these traditions are maintained, we must conceive of 

individuals as dynamic and engaged with social and non-social elements of their 

environment, not simply agents capable of transforming visual information into motor 

output. Throughout this thesis, I often employ the term "social learning" for 

convenience, but I am not assuming any mechanism other than standard associative 

learning that is particular because of the social context in which it occurs.  

 

Diffusion studies in captive nonhuman primates: using the two–action task paradigm 

to studying social transmission 

The two-action two-group paradigm has more recently been used to study social 

transmission through groups rather than dyads. Interested in the possibility of 

generating differing traditions in social groups, these studies were also conducted in 

captivity and selected individuals to be trained as models, based on the most desirable 

attributes of a model. This experimental set-up gained ecological validity, since, after 

the trained model had acquired the desired proficiency, it was returned to its social 

group, where it could freely demonstrate the task solution to the other naïve group 

members within their usual enclosure. Whereas previously individuals were isolated and 



 

 

14 

 

paired two by two, now learning was allowed to take place in a more naturalistic social 

setting. To ascertain that social learning is occurring, the task is presented to two 

groups, so that the model in the second group demonstrates the alternative solution to 

that presented by the model in the first group; thus the groups function as a control of 

each other. Furthermore, by doing so, we can establish that one of the options is not 

more likely to be adopted than the other.  

Dindo and colleagues (2009) were the first to conduct an open diffusion 

experiment with capuchin monkeys in captivity. In a previous study (described above) 

Dindo et al (2007) had shown that capuchin monkeys were capable of accurately 

copying the foraging activity of a conspecific in a controlled dyadic experimental 

condition. In their 2009 paper the authors report a replication of the previous study, now 

in a more naturalistic context, where all members have access to the experimental 

apparatus. An open diffusion set-up allows us to study the spread of socially transmitted 

behaviour with greater ecological validity. In this study, the alpha males of two groups 

of captive capuchin monkeys were trained, in isolation, to solve a two-action task; one 

with the option lift and the other with the option slide. The models were then returned to 

their social group, where they were able to monopolize the device for the first five days, 

demonstrating the trained option and thus seeding one option in each group. No 

scrounging or manipulation of the task (other than by the trained models) was allowed 

during the observation phase; if a naive individual approached the task, the apparatus 

was removed by the researcher from the experimental area. During the subsequent 

phase, the open diffusion, 13 of the 14 capuchins who observed the model using lift 

used the option lift when solving the task themselves, while 8 of the 11 capuchins who 

observed the model using slide exhibited slide; other individuals did not learn to solve 

the task. Although most individuals eventually solved the task using both the techniques 

(lift and slide) they all exhibited 76.8% fidelity to the option seeded in the group by the 

trained demonstrator. 

The final two-action task, social learning experiment I address here is a study 

conducted by Crast et al (2010) with captive capuchin monkeys. This study added 

another layer to its naturalistic approach by incorporating a developmental approach to 

investigate how infants acquire the group typical behaviour. An apparatus with two 

possible means of obtaining a resource (orange juice) was placed in an environment that 

only infants had access to, called the "nursery". Initially, both options for obtaining 

juice were available to the infants, who eventually learnt to drink using both options. 
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The apparatus was then offered to all members of the social group, however, in each of 

the social groups only one of the options produced rewards; thus, adult exhibited only 

one of the alternatives. Two years later, the apparatus was made available again (now 

with both options rewarding); in this reproduction of the experiment, infants used the 

option used by the adults in their respective social groups, despite having originally 

learned that both options were rewarding. The authors conclude that the social context 

played an important role in the acquisition of a new foraging technique among young 

captive capuchin monkeys and that their results support the existence of traditions in 

wild populations. 

Here I presented a short re-count of some relevant social learning studies with 

capuchin monkeys that lead up to the experimental set-up I adopted for the research 

conducted for this thesis. This is by no means an extensive review of the social learning 

studies, even within the capuchin monkeys. For a review on animal social diffusion 

experiments refer to Whiten & Mesoudi (2008). Reader & Biro (2010) make an 

extensive review of experimental identification of social learning in the wild, while 

Lonsdorf & Bonnie (2010) emphasize the importance of including developmental 

factors when studying social learning. Furthermore, there is an extensive body of 

literature on capuchin monkey problem solving abilities (reviewed in Fragaszy et al, 

2004) and more revent branchin from the social learning area into the subjects of 

cumulative learning and cooperation, which are beyond the scope of this thesis.   

 

The importance of the social context of learning in the field of behavioural traditions  

Most of the studies on social learning have focused on the mechanisms of social 

learning and were conducted in highly controlled settings, usually between dyads in 

isolated cubicles (Kendal et al, 2010). These studies required experiments to be 

conducted with such control of environmental and social variables that often, little or no 

resemblance of the natural social dynamics of the species remained. Recent studies of 

social diffusion went a step further, incorporating some of the social dynamics, even if 

the social conditions of captive groups differed from the natural social context found in 

wild populations. Still, all these studies manipulated the choices of models that were 

trained individually, or the individuals (or class of individuals) that have access to the 

task. The experiment could be applied on consecutive days and scrounging controlled. 

An added advantage is that experiments conducted in enclosures make keeping record 

of who observed what, and thus measuring social learning, easier.  
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If on one hand, these studies have the advantages that come with controlling the 

experimental set-up, on the other hand, studying wild populations has the advantage of 

working with the complex ecological and social context in which socially-biased 

learning actually occurs. Coussi-Korbel & Fragaszy (1995) were amongst the first to 

point out how the social learning field has been dominated by controlled dyadic studies. 

They emphasize the need to give due attention to the specific social context in which a 

particular social animal lives, as this reflects the propensity they have of learning from 

conspecifics: many social animals live within a structured social context and this 

context influences their opportunities for social learning.   

An aspect that few studies have taken into consideration, and which Coussi-

Korbel and Fragaszy (1995) emphasize, is the coordination of behavior between group 

members as a principle common to all forms of social learning. Behavioural 

coordination can be described in terms of its occurrence in time and space (Figure 1.1). 

When a naïve individual learns by interacting with parts of the environment that have 

been modified by a conspecific, or has its attention drawn to essential characteristics of 

the environment because others had previously interacted with it, then, behavioural 

coordination in space is said to be occurring. Behavioural coordination in time occurs 

when individuals are not in close proximity but simultaneously perform a behaviour 

(e.g. foraging) because it is a certain time of day or the group is in a certain environment 

where a given resource is available. Behavioural coordination involving physical 

proximity between conspecifics is restricted to the third dimension of behavioural 

coordination, coordination in space and time, where individuals are in the same space at 

the same time. Different types of behavioural coordination are posited to support the 

acquisition of different kinds of information, although all three forms of behavioural 

coordination can facilitate social learning (Coussi-Korbel & Fragaszy, 1995). 
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Figure 1.1 Three dimensions of behavioural coordination, in space, in time and in 

space-time, according to Coussi-Korbel & Fragasy (1995) 

 

In the first results chapter in this thesis (chapter 3), I use behavioural coordination 

as a means of describing the opportunities the monkeys have of learning from each 

other, as a reflection of the structure of relationships present between group members. I 

mostly focus on behavioural coordination in both time and space as it enables 

individuals to acquire more specific information (e.g. how to solve a task) by close 

observation of the activities of others. As argued previously in the text, observational 

learning, and likewise behavioural coordination in time-and-space, are not prerequisites 

for the establishment of behavioural traditions. Similarly, the idea that complex 

behaviours, such as tool-use, require imitation is also not held. Here I do not equate 

observational learning to imitation, as no assumptions concerning mechanisms of social 

learning are made in this thesis. Rather, I consider that through observation, the 

monkeys can acquire information that, coupled with other forms of social learning, such 

as learning from interacting with the products of conspecifics, can lead to the 

dissemination of a novel behavioural trait among members of the social group.   

It is important to note, however, that behavioural coordination is not always 

conducive to social learning. As such, Coussi-Korbel & Fragaszy (1995) further 

characterize coordination into two types, with very different outcomes:  

(i) isomorphic coordination, defined as “ when one 

individual’s activities channels the attention of its conspecific(s) to an 

activity or element in the environment, such that behavioural 

similarity between the two individuals increases.” (pg. 1443,); typical 

of model/observer, knowledgeable/naïve relationships. 

(ii) complementary coordination: when individuals engage in 

asymmetrical behaviours, such as producer/scrounger or 
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dominant/subordinate relationships, which generally inhibit rather 

than support the transmission of information. 

 

The dissemination of social information can be actively interrupted by the 

dynamic between dominant and subordinate individuals. Subordinate individuals might 

avoid approaching a resource and/or task or solving the task in front of dominant 

individuals if they are likely to have the resources usurped (Brown & Laland 2002; 

Kendal et al 2010b). This inhibition to display the behaviour before group members 

might disrupt its spread via social learning, and makes it difficult for researchers to 

assess whether the experimental subjects have learned to solve the task. For this reason, 

many social learning experiments chose the models and observers based on their social 

position, with models usually being slightly more dominant than observers (Drea & 

Wallen, 1999; Hopper et al, 2013; Kendal et al, 2015), enough to ensure that the model 

will have the opportunity to demonstrate the new behaviour sufficiently and that 

observers will pay attention to demonstrations. 

Classifying behaviours into isomorphic and complementary coordination, 

however, might not be this straightforward. The literature shows, for example, that 

producer/scrounger relationships do not always inhibit social learning, quite the 

contrary (e.g. Caldwell & Whiten 2003, Coelho et al 2015). Furthermore, scrounging is 

better considered in light of a dynamic trade-off in a scrounger-producer frequency-

dependent game (Koops & Giraldeau, 1996, Barta & Giraldeau, 1998). Likewise, 

behavioural coordination involving socio-positive relationships such as grooming might 

be thought of as always contributing to social learning, however, dominance effects, 

such as ‘groom up the hierarchy’ (Tiddi et al, 2012) might affect the social learning 

context negatively.  

In elaborating on the relations between social dynamics and social learning, in the 

same article, Coussi-Korbel & Fragaszy (1995) make predictions regarding how 

different social systems in different species may influence the diffusion of behaviour. 

According to the model presented, in some types of societies a greater directionality in 

the dissemination of information within the group would be expected. The authors 

predict that, in more egalitarian societies, the even distribution of aggression and 

affiliation between dyads would result in an even transmission of socially acquired 

information between members of a group. The similar proximity between individuals 

would result in the predominance of non-specific social learning, that is, independent of 
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the identity of the models and observers. Consistent with this, Day et al (2003) did not 

detect any consistent order of dissemination of information within groups of Callitrichid 

monkeys (egalitarian species) based on either the identify of individuals nor classes of 

individuals. Finally, non-specific social learning is also predicted to generate 

behavioural homogeneity within groups and allow information to spread rapidly 

through the entire group. 

In contrast, in more despotic societies the high degree of asymmetry in 

relationships, in terms of both aggression and frequency of affiliative interaction, would 

make non-specific social learning unlikely. This is because social constraints ensure 

only certain dyads frequently tolerate each other’s proximity. Consequently, socially 

acquired information would not spread evenly in time or extent through the social 

group, but would flow through subsections of the group, as a function of the identity 

(e.g. age, sex, social status) of the knowledgeable individual, resulting in directed social 

learning. Such directed social learning would likely result in within group variation of 

behaviour characterised by a relatively slow and uneven spread of information through 

the group (Coussi-Korbel & Fragaszy, 1995). 

Capuchin monkeys, present an example of intermediate societies given that they 

have dominance hierarchies that are non-linear and aggression is distributed 

asymmetrically between the dyads; concurrently there is plenty of tolerance among 

other dyads (Ferreira et al, 2006; Izar et al, 2006; Izar et al, 2012). Coussi-Korbel and 

Fragaszy (1995) suggest that where a species is intermediate on the egalitarian-despotic 

spectrum, specific behavioural skills (which would require more accurate observation) 

will spread according to the identity of the individual involved (directed social 

learning). Other types of information, however, that do not require a high degree of 

behavioural coordination, could spread through social learning independent of the 

identity of individuals (non-specific social learning).  

Social networks analysis (SNA) has immense potential to enrich studies of the 

social animals by allowing us to integrate social relationships at the dyadic level in to a 

group-level representation of the social structure (Sih, et al, 2009; Krause et al, 2009; 

Sueur et al, 2011). Thus, SNA can be an important tool for furthering our understanding 

of social structure, cooperation, dominance hierarchy, social learning and dynamic 

aspects of social structure, to list a few (Krause, et al 2009; Sih, et al 2009). A more 

detailed description of SNA can be found in the first results chapter of this thesis 

(chapter 3) where I draw on established social network metrics to describe the 
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opportunities the capuchin monkeys have of learning from each other, within the 

framework of behavioural coordination and directed social learning put forth by Coussi-

Korbel and Fragaszy (1995).  

 

 

Identifying social learning in the wild 

In a special issue of Learning and Behaviour (Kendal et al., 2010) several 

authors came together to discuss how to study social learning in wild groups of non-

human animals. Kendal et al (2010a) describe how methods for identify social learning 

fall along a continuum between studies in captivity with controlled dyadic set-ups on 

one side, and natural open diffusion in wild groups on the other side. At one end of the 

spectrum, studies have enough control and provide a good understanding of social 

learning processes, but relatively little ecological validity. In contrast, at the other end of 

the spectrum studies will have high ecological and social validity, but little power to 

identify the processes underlying the spread of behaviour. Kendal et al (2010) produce a 

review of the methods used to date for studying social learning, and the implication the 

different experimental set-ups have on the results they present; thus this paper proves to 

be an important guide helping researchers to navigate among the growing range of 

methods available for studying social learning in natural contexts. Here, once more, 

open diffusion experiments are recommended because these allow us to factor in 

physical and social aspects of the natural environment in which learning occurs. In the 

same special edition, Lonsdorf and Bonnie (2010) point out the need to incorporate 

ontogenetic aspects to studies of social learning and thus take into consideration the 

trajectory of acquisition of complex behaviours, such as tool-use, by young individuals 

in wild primate groups. They conclude by stating that greater attention should be given 

to social factors, such as the different social systems of primates, so as to better evaluate 

the dynamics in model-observers relationships.  

The use of experimental approaches, such as two-action task experiment, with 

wild primates is very recent, few have been the studies to adopt this approach: vervet 

monkeys (van de Waal et al, 2010) and lemurs (Kendal et al, 2010b; Schnoell & Fichtel, 

2012). I shall present these studies in greater detail in the general discussion (chapter 6), 

when I relate my findings to the findings of these studies. The main scientific challenge 

that these studies - and my doctorate research – face, is how to identify social learning 

based on data collected from the apparent diffusion of a new behaviour in a naturalistic 
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context. New data analysis methodologies (Franz & Nunn, 2009; Hoppitt & Laland, 

2011; Kendal et al, 2009) have been developed to help researchers identify biases in 

social learning in the wild. Below, I present some of these methodologies, giving some 

information on why they were developed and the logic on which they operate. Further 

details on these analytical methodologies can be found in chapter 4 where I address 

them more specifically with regards to my data.   

 

Data analysis methodologies for studying the diffusion of novel behaviours 

Diffusion curve analysis is a mathematical approach commonly applied in studies 

of human traditions and present in theoretical studies of social learning in animals (see 

Reader, 2004 for a review). According to this approach, one can distinguish between 

social and asocial learning curves based on the shape of the learning curve. The 

probability that a naïve individual will adopt the group typical behaviour occurs as a 

function between the number of naïve individuals and the number of experienced 

individuals in the group. Thus, typically, social learning would generate sigmoidal 

curves, S format, while asocial learning (i.e. learning independent from the social 

context) would describe a curve in the R format. 

Empirical studies and theoretical modelling have recently criticized diffusion 

curve analysis, by showing that when aspects of the social contexts, or of the complex 

conditions in which a new behaviour is acquired, are taken into consideration, the 

assumptions of curve format are not sustained. Hoppitt et al (2010), for example, alert 

researchers to false positives (S curves resulting from asocial learning) and false 

negatives (R curves that result from social learning), that can result from how the social 

context is characterised (i.e. learning opportunities based on relationships) or based on 

the structure of the task and the phases present in acquiring a new behavioural trait. 

Laland & Kendal (2003) warn researchers that, given the rarity of documenting the 

onset (innovation) of a new behavioural trait and its initial spread, sometimes 

researchers might describe, from their data, learning curves that appear to be slowing 

down (R format), when in fact they are describing the spread in its final stage only - a 

false negative of social learning. 

In a meta-analysis of food innovations in primates, Lefebvre (1995) concluded 

that in general there was a tendency to confirm that these behaviours were acquired by 

cultural diffusion based on accelerated learning curves; he points out, however, that 

scrounging can have the effect of slowing the learning curve down ( a false negative). 



 

 

22 

 

Lefebvre also shows that if the individual learning latencies present a normal 

distribution, then even the acquisition of behaviour via "trial and error" (i.e. without 

social bias) could, at the population level, describe a broadcast curve in S format (a false 

positive). Hoppitt et al (2010) also describe cases of false positive identification of 

social learning by simulating how different social learning mechanisms might affect the 

diffusion data. They found that, processes such as neophobia and reinforcement by 

completed sub-steps could result in diffusion curves in an S format even in situations 

where no social bias in learning was present. An S curve might be described if, at first, 

less neophobic individuals interact with the task resulting in a rapid increase in the an 

rate of acquisition and then subsequent slowing down of the diffusion speed as 

gradually more neophobic individuals come to interact with the task, Similarly, task that 

require several steps to be learned sequentially could portray and overall different 

pattern for the rate of diffusion based on the slowing down caused by added steps to the 

acquisition of the behaviour.  

Among the criticism to the diffusion curve analysis, one which is of particular 

interest - given that the present thesis is mostly concerned with the social context of 

learning - is the assumption  that all individuals have the same probability of interacting 

with each other.  Clearly this assumption of diffusion curve analysis does not match the 

real context in which most social animals learn. In line with the arguments made 

previously, it is important that any analysis take into account the complex social context 

in which a particular animal lives and learns. A recent approach, namely Network-

Based Diffusion Analysis (NBDA), solves this problem by incorporating data 

describing the social context when analysing diffusion patterns. NBDA was developed 

by Franz & Nunn (2009), and seeks to determine whether the diffusion pattern of a 

given behaviour is better described by paths of association between individuals in the 

social network. Further details regarding NBDA can be found in the second results 

chapter in this thesis (chapter 4).  

In the same chapter I describe the behavioural repertoire established in each group 

once the diffusion of an introduced behaviour (using a novel two-action foraging task) 

has reached saturation level. Option-bias analysis (OBA) (Kendal et al, 2009) is a 

statistical methodology developed for identifying social learning based on the group 

behavioural repertoire (as opposed to those previously described which are based on the 

rate, or pattern, of diffusion). The main assumption of OBA is that, when social learning 

is occurring, a greater homogeneity in the variants of a behaviour will be found within 
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each social group. Both NBDA and OBA offer promising means of advancing the field 

of social learning and will be discussed in further detail in chapter 4, where I present my 

own findings after having applied the techniques to my data 

 

Tufted capuchin monkeys (Sapajus sp): tool-use, socially-biased learning and claims 

for behavioural traditions 

Naturalistic studies with semi-free and wild capuchin monkeys were (and still are) 

important to the advancement of our understanding of the dynamic social context in 

which learning occurs, and which is the hard evidence needed to ascertain whether 

certain behavioural traits constitute behavioural traditions. 

Multiple regional differences in the repertoire of tool use by wild capuchin 

monkeys (Sapajus spp) have been described by Ottoni & Izar (2008) and represent 

candidate behaviours of behavioural traditions in these neotropical primates. The 

populations of Sapajus libidinosus inhabiting the caatinga of the Serra da Capivara 

National Park (SCNP) (the same population studied for this thesis) have the largest 

"tool-kit" described for capuchin monkeys (Mannu & Ottoni, 2009; Falótico & Ottoni, 

2013; Haslam & Falótico, 2015). Capuchins monkeys at SCNP manufacture probes 

from plant structures (usually branches) which they use to access food or water in holes 

or crevices. Stones tools are used in more than one motor pattern and to perform various 

functions, including: (i) as a "hammer" to crack open encapsulated fruit or seed, (ii) as a 

"hammer" to loosen the soil and as a "hoe" to dig for roots, tubers and arthropods nests, 

(iii) to break rotten wood (in search of larvae and arthropods), (iv) as an "axe" to crush 

invertebrates, roots, tubers and cactus, (v) to dislodge other stones trapped in 

sedimentary conglomerates, (vi) to pulverize quartz, which is then licked, smelled, 

and/or rubbed on their body (the purpose of this behaviour being unclear: Mannu & 

Ottoni, 2009) and (vii) as projectiles thrown by females as part of sexual display 

(Falotico, 2011). 

The use of tools in capuchin monkeys was, however, first described in a semi-free 

population that inhabits the Tiete Ecological Park (Ottoni & Mannu, 2001). A study of 

the ontogeny of tool-aided nut-cracking behavior (Resende et al, 2008; Resende, 2004) 

indicated how behaviour patterns develop from: (i) general manipulation of objects by 

infants (such as striking closed nuts against the substrate or hitting the hammer against 

the substrate), followed by (ii) inept attempts of associating the stone hammer and the 

nuts (such as positioning nuts on top of hammers, or rolling hammers over nut), until 
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the final (iii) functional association of the three elements (hammer, anvil and nut) in the 

necessary temporal and spatial order, thereby obtaining access to nutritious nut 

endosperm. The whole process resembles that seen in infant chimpanzees (Inoue-

Nakamura & Matzusawa, 1997), but with some differences in the difficulty of acquiring 

different stages of the sequence being learned. Young chimpanzees have greatest 

difficulty beginning to use stones percussively, which is an unusual action in their 

foraging repertoire, while young capuchin monkeys exhibit greatest difficulty in 

learning to position the nut on the anvil, possibly as the result of the risk of losing an 

object by dropping it; a greater concern for arboreal species such as capuchins (Resende 

et al, 2008). 

Adult capuchin monkeys are extremely tolerant of infants and juveniles, allowing them 

to observe most activities, including nut-cracking, from a short distance. The young 

capuchins are also allowed access to nuts and stone tools ("hammers") and scrounging 

is often tolerated (Coelho 2009). Such tolerance provides social opportunities which can 

facilitate the learning of naïve individuals, leading to social transmission of tool using 

behaviour. Ottoni et al (2005) investigated which social factors could be biasing the 

choice of which monkeys the naïve individuals observed and found no significant 

correlation with age, social proximity or the hierarchical position of the observation 

target. A significant relationship, however, was found between the frequency an 

individual was observed by conspecifics and its proficiency at cracking open nuts. 

Ottoni et al (2005) hypothesised that a simple mechanism, such as optimizing 

scrounging opportunities could be mediating the choice of observing the most proficient 

individuals; this in turn would have the positive feed-back of optimising the possibilities 

of social transmission of information. A subsequent study (Coelho et al, 2015) sought to 

investigate this hypothesis further and its results confirmed that the choice of 

observational targets was an active one: monkeys were not simply observing those who 

they are socially close to but also monkeys with higher nut-cracking productivity rates, 

who were tolerant of scroungers; further supporting the scrounging hypothesis. Finally, 

in this paper transmission biases are described, showing how young capuchin monkeys 

choose to observe older, more proficient and dominant individuals during nut-cracking 

bouts. In the last results chapter of this thesis (chapter 5), I look at possible biases in the 

transmission of how to solve the two-action task experiment, namely I investigate 

frequency-dependent and model-based transmission biases. 
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In this thesis I present findings from field experiments and naturalistic 

behavioural sampling conducted with two groups of wild bearded capuchin monkeys 

inhabiting the caatinga (dry savannah). I chose this species as it represents an excellent 

model for studying socially-biased learning. Also, to my knowledge wild groups of this 

species have not, as of yet, been subjects of studies of diffusion of a new behaviour 

within the multifaceted social context in which these monkeys live and learn from each 

other. This is the first study to conduct a two-action task field experiment with wild 

groups of capuchin monkeys and the first to apply the analytical methods described 

above, conjointly, for diffusion data from a neotropical primate species.   
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CONCLUSION 

 

On tolerance, social learning and behavioural traditions  

 

According to van Schaik’s (2003) opportunities for social learning hypothesis, 

social tolerance affects both the initial spread and the subsequent maintenance of a 

behavioural tradition. The hypothesis further posits that a greater tolerance and the 

consequent increase of social learning opportunities should generate more diverse local 

traditions. The highly connected association networks describe the capuchins at PNSC 

as forming cohesive groups. Furthering the understanding of cohesiveness in primate 

groups might elucidate why behavioural traditions vary amongst primate groups. For 

example, the lack of tool-use (such as sticks as probes) amongst forest dwelling Sapajus 

species might be, in part, consequence of their fission-fusion societies (Izar et al 2012). 

In socially fragmented groups a novel behavioural trait is unlikely to spread sufficiently 

to become a group-wide behavioural tradition. Although, large cohesive groups, such as 

the S. libidinosus of PNSC are likely to have come about due to ecological factors (e.g 

predation risks), the result is that these large groups are subject to ideal conditions under 

which group-wide maintained behavioural traditions may occur. 

Large social groups would be expected to generate a greater number of 

innovations. A relatively high tolerance between individuals allows new behaviours to 

spread and to be maintained, through social learning. The combination of these two 

factors make for ideal conditions for behavioural traditions. Here I posit that the large 

tool kit present in the SCNP capuchin monkeys might be, at least in part, explained by a 

combination of large group sizes (more innovations) and high levels of tolerance 

between individuals (diffusion and maintenance of a shared behavioural practice). 

Capuchins monkeys exhibit a high degree of interindividual tolerance, especially 

towards infant and juveniles (Fragaszy et al 2004) and are often described as exhibiting 

an intermediary society in the despotic-egalitarian spectrum of primate societies 

(Coussi-Korbel & Fragaszy 1995, Fragaszy et al 2004). Such characteristics point 

towards capuchins having a particularly conducive social context for the establishment 

of behavioural traditions. New behaviours are expected to be introduced into wild 

groups through innovation, usually by subordinate individuals under pressure to find 

alternative resources, and/or young individual, who are typically less neophobic and 

more prone to manipulate elements in their environment in novel or different ways 
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(Reader 2004, Kummer & Goodall 1985). It is therefore likely that, as these young, 

neophilic and manipulative, male capuchin monkeys, are forced out of the female 

philopatric groups, and assume a subordinate position in new groups, they are pressured 

into having to come up with novel foraging techniques to survive. In a more despotic 

society, the behaviours of the subordinate individuals would be unlikely to spread 

through the group as subordinates are not paid attention to. However, in the partially 

and asymmetrically tolerant society of capuchin monkeys, these novel behaviours may 

spread into the main component of the social group, via directed social learning, and 

become a maintained shared behavioural tradition.  

Considering opportunities of social leaning and transmission biases together allow 

us to further the understanding of how distinct traditions in neighbouring populations 

that share ecology and migrants, might occur. In chimpanzees, traditions are unlikely to 

homogenise across group as consequence of a conformity influence on immigrants 

(Luncz et al 2012) and/or copy dominant individuals (Kendal et al, 2015), meaning 

subordinate immigrants are usually ignored. As the picture of the social influences in 

the transmission of behaviour in capuchin monkeys becomes clearer, we further our 

understanding of the dynamics involved in the spread of behavioural traditions across 

populations.  

Behavioural traditions can have important fitness consequences for their 

practitioners. The biological significance of these long-lasting shared behavioural 

practices is that behavioural innovations, which can be rare occurrences, need only 

occur once. Through social learning, this novel behaviour, product of a single 

innovation, can then become widespread among group members, be maintained over 

time and passed on to new generations and migrant individuals. Social learning can thus 

be thought of as contributing to niche construction and enhancing the species’ potential 

for feedback to natural selection (Odling-Smee et al, 1996). When these shared 

behavioural practices impact fitness positively they are maintained over time and by 

such the behavioural traditions can become part of the constructed niche. By removing 

the individual from a passive condition as simply a target of natural selection, the 

concept of niche construction enriches the evolutionary processes and allows us to 

consider how individuals and their behaviours feedback into the evolutionary process 

(Laland et al, 2000). 
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Future directions  

 

As studies identifying behavioural traditions in non-human animals accrue, we 

move away from the original human-centred perspective towards broader questions 

focusing on cognitive, ecological and social factors fostering the emergence and 

maintenance of behavioural traditions (Ottoni, 2015). This thesis strengthens the ground 

on which we can claim behavioural traditions for wild capuchin monkeys. It also ends 

with the advent of new questions to be addressed. Among some of the questions still 

ripe for investigation are: what are the individual and social processes behind the 

appearance of novel behavioural traits in wild populations? How frequent are these 

behavioural innovations? What is the likelihood these will spread among group 

members? What are the social conditions necessary for the novel traits to be transmitted 

between group members becoming a maintained shared practice in wild populations? 

How do ecology, cognition and group social dynamics interplay in each stage of 

establishing and maintaining a behavioural tradition? Long term studies are required to 

address core issues in the origin of traditions in wild capuchin monkeys. Developmental 

approaches coupled with a multi-faceted comprehension of group social dynamics are 

also important to further the understanding of inception, spread and maintenance of 

behavioural traditions.   
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