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Abstract 

Humans are natural politicians. We obsessively collect social information that is 

both observable (e.g., about third-party relationships) and unobservable (e.g., about 

others’ psychological states), and we strategically employ that information to manage 

our cooperative and competitive relationships. To what extent are these abilities unique 

to our species, and how did they evolve? The present dissertation seeks to contribute to 

these two questions. To do so, I take a comparative perspective, investigating social 

decision-making in humans’ closest living relatives, bonobos and chimpanzees. In 

Chapter 1, I review existing literature on theory of mind—or the ability to understand 

others’ psychological states—in these species. I also present a theoretical framework to 

guide further investigation of social cognition in bonobos and chimpanzees based on 

hypotheses about the proximate and ultimate origins of their species differences. In 

Chapter 2, I experimentally investigate differences in the prosocial behavior of bonobos 

and chimpanzees, revealing species-specific prosocial motivations that appear to be less 

flexible than those exhibited by humans. In Chapter 3, I explore through decision-

making experiments bonobos’ ability to evaluate others based on their prosocial or 

antisocial behavior during third-party interactions. Bonobos do track the interactions of 

third-parties and evaluate actors based on these interactions. However, they do not 

exhibit the human preference for those who are prosocial towards others, instead 
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consistently favoring an antisocial individual. The motivation to prefer those who 

demonstrate a prosocial disposition among groupmates may be a unique feature of 

human psychology that contributes to our ultra-cooperative nature. In Chapter 4, I 

investigate the adaptive value of social cognition in wild primates. I show that the 

recruitment behavior of wild chimpanzees at Gombe National Park, Tanzania is 

consistent with the use of third-party knowledge, and that those who appear to use 

third-party knowledge receive immediate proximate benefits. They escape further 

aggression from their opponents. These findings directly support the social intelligence 

hypothesis that social cognition has evolved in response to the demands of competing 

with one’s own group-mates. Thus, the studies presented here help to better characterize 

the features of social decision-making that are unique to humans, and how these abilities 

evolved. 
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1 Introduction: Does the bonobo have a (chimpanzee-
like) theory of mind?  

 Humans are adept at making inferences about the psychological states of 

others, including their emotions, desires, and beliefs. These inferences then 

inform our attempts to cooperate, resolve conflicts, and communicate effectively. 

Such theory of mind abilities, as they are known, were long believed to be unique 

to humans, but there is now evidence that in some contexts chimpanzees are 

capable of attributing to others a range of psychological states (Tomasello and 

Call, 1997, Hare, 2011).  Less work has been accomplished with bonobos, but 

even the limited comparisons that are now possible between the two species are 

helping to test hypotheses about how such skills might evolve across species—

including our own (Hare, 2011).  

 In 1978, Premack and Woodruff first posed the question, “Does the 

chimpanzee have a theory of mind?” At the time, chimpanzees were a clear 

choice for the first comparative investigations of human social cognition. 

Humans have two closest relatives, but bonobos were discovered much later 

than chimpanzees, in large part because they inhabit a much more restricted 

range, south of the Congo river, as compared to chimpanzees’ distribution 

throughout East, Central, and West Africa. Bonobos were still barely known to 
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science in 1978 while chimpanzees were relatively common in captivity and were 

already the subject of a number of captive and field research programs. 

However, even after field sites were established to study bonobos in the wild, 

they remained little studied in captivity.  

 We currently find ourselves at an exciting moment in bonobo research 

since there has been more work on bonobo cognition in the past ten years than 

the previous hundred. For the first time quantitative and qualitative comparisons 

between bonobos and chimpanzees are possible. Here we summarize what has 

been learned about theory of mind in chimpanzees since Premack and 

Woodruff’s seminal investigations. We then present two hypotheses relevant to 

the selective pressures that have shaped—and proximate mechanisms that 

underlie—ape social cognition. From these hypotheses, we generate predictions 

about possible differences in social cognition between chimpanzees and bonobos. 

Finally, we evaluate our hypotheses against existing data and discuss the most 

pressing directions for future research. 
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1.1 Theory of Mind in Chimpanzees 

1.1.1 Historical Perspective 

 Premack and Woodruff (1978) showed videos to a human-raised 

chimpanzee, Sarah. These videos depicted humans facing a variety of problems 

(e.g., a banana was out of reach, or the actor shivered because the heater was 

broken). Sarah was then allowed to choose among photographs of various 

objects, only one of which would solve the problem presented in the video (e.g., 

a stick to retrieve the banana, or a lit wick for the heater). Sarah consistently 

chose the correct photograph, leading the authors to conclude that she 

understood the goals of the actors in the videos. Later, in 1990, Povinelli and 

colleagues reported a study in which chimpanzees discriminated between a 

knowledgeable and an ignorant informant and selectively followed pointing 

gestures from the knowledgeable informant in order to find hidden food. 

However, in 1993, Heyes offered compelling alternative interpretations for 

existing data on animal mindreading, and in the years that followed a number of 

studies reported that chimpanzees did not follow the communicative cues of a 

knowledgeable human or conspecific when searching for food (Povinelli et al., 

1997, Call et al., 1998, Itakura and Tanaka, 1998). These data led Tomasello and 

Call (1997) to conclude, in their landmark book Primate Cognition, that “there is 
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no solid evidence that nonhuman primates understand the intentionality or 

mental states of others” (p. 340). Theory of mind was therefore an aspect of 

human cognition in which the differences between humans and other animals 

were thought to be qualitative, rather than quantitative, in nature. 

 This view began to change when Hare (2001) noted that primate social life 

is highly competitive and suggested that since primate cognitive abilities have 

likely been adapted for such a setting, it may be in competitive situations that 

primates are most motivated to exhibit their cognitive skills. Lyons and Santos 

(2006) even argued that theory of mind skills expressed in competitive contexts 

may represent domain-specific traits. Accordant with both hypotheses, Hare and 

Tomasello (2004) showed that chimpanzees performed better on cognitive tasks 

when they were interacting with a competitor than with a cooperator. 

Additionally, Tomasello et al. (2003b) suggested that chimpanzees’ failure to 

follow the communicative cues of a knowledgeable informant may not owe to a 

lack of theory of mind abilities in general but rather to a specific inability to 

understand the cooperative intentions underlying such communicative cues. If 

chimpanzees do not produce cooperative communicative cues themselves, why 

should they understand such cues when others produce them? Through more 

ecologically relevant paradigms—that used a combination of spontaneous 
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behavioral measures, larger sample sizes, and competitive social contexts—

substantial evidence for chimpanzees’ understanding of others’ psychological 

states has accumulated.  

 

1.1.2 Understanding of Perception 

 Much work has explored what chimpanzees understand of others’ 

perception. This research has largely focused on seeing and hearing. Like many 

species, chimpanzees are capable of following the gaze of conspecific or human 

social partners (Povinelli and Eddy, 1996, Tomasello et al., 1998, Brauer et al., 

2005, Rosati and Hare, 2009). Gaze following could reflect an appreciation of the 

other’s visual perspective or it could be a simple reflexive response that evolved 

for its clear adaptive benefits (Tomasello et al., 1998, Emery, 2000). Indeed, co-

orienting to match the target of another’s attention may alert the gaze follower to 

important resources, such as food or mates, as well as threats, such as predators 

or aggressive conspecifics. In chimpanzees at least, gaze following appears to be 

more than just a reflexive response. This species follows gaze geometrically, 

around barriers, and checks back with the actor when it cannot identify the target 

of her gaze (Call et al., 1998, Tomasello et al., 1999, Brauer et al., 2005, Okamoto-

Barth et al., 2007). Chimpanzees are also sensitive to an agent’s attentional state. 
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For example, when begging for food, they spontaneously use more gestures 

when their target’s face or body is oriented toward them than when it is oriented 

away (Kaminski et al., 2004, Hostetter et al., 2007, Tempelmann et al., 2011). 

When attempting to communicate with an agent who is facing away from them, 

chimpanzees will walk around to the front of the agent before attempting to 

communicate (Liebal et al., 2004, Call and Tomasello, 2007). They also shift their 

use of gestural versus vocal communication depending on whether their target is 

facing toward or away from them (Hostetter et al., 2001, Leavens et al., 2004). 

 To test the idea that chimpanzees can assess what another individual can 

see, Hare et al. (2000) pitted two chimpanzees against one another to compete 

over food. The chimpanzees were situated in separate testing rooms on either 

side of a central room where food was hidden. Each could see her competitor on 

the other side of the central room. Since dominance is relatively strict in 

chimpanzees, dominant individuals were able to monopolize visible food. 

However, in each experiment, there was a critical condition in which both pieces 

of food were visible to the subordinate competitor but only one of the pieces was 

visible to the dominant in the pair. In these conditions, subordinates 

preferentially targeted the food that the dominant could not see. In these crucial 

tests subordinates were given a slight head-start, and could not see the dominant 
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when they made their choice, to ensure that they were not simply responding to 

the behavior or gaze direction of their competitor. These studies provided the 

first compelling evidence that chimpanzees may be sensitive to others’ visual 

perspectives (Whiten, 2013).  

 An important question is whether apes can use their knowledge of others’ 

perspectives to manipulate what others perceive. To address this question, Hare 

et al. (2006) presented chimpanzees with a series of studies in which the subject 

was attempting to steal food from a human competitor and had to choose 

between paths that either concealed or exposed their approach. The chimpanzees 

consistently preferred a path behind the competitor’s back rather than in front of 

him, behind an opaque barrier rather than a transparent one, and behind a 

complete barrier rather than a partial one. Moreover, they commonly used 

indirect approaches where they initially moved away from the food and 

appeared disinterested until they were out of view of their competitor. In a 

similar setup in which chimpanzees could remain concealed until the final step 

of their approach in which they needed to reach through an opaque or 

transparent tube to retrieve the food, they reliably chose the opaque tube (Melis 

et al., 2006a).  
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 Recently, Karg et al. (2015a) also showed that chimpanzees strategically 

manipulate not only whether they themselves can be seen by another agent but 

also what other features of the environment the agent can see. Food was located 

in several small trays. The chimpanzees could move the individual trays behind 

or in front of an occluder, but could not retrieve the food themselves. Subjects left 

food concealed more often when interacting with a competitor who would steal 

the food than when interacting with a cooperator who would retrieve it for them. 

They exposed more food to the cooperator than the competitor; however, they 

did not actively hide visible food from the competitor.  

 Research has also explored whether chimpanzees are sensitive to what 

others can hear. Melis et al. (2006a) showed that, when visually concealed from 

their competitor, chimpanzees preferred to steal food using an approach that was 

silent over one that that was noisy. However, Brauer et al. (2008) found that 

when chimpanzees competed with conspecifics for hidden food in a manner 

similar to Hare et al. (2000), they did not appear to infer which piece of food their 

competitor was aware of based on what their competitor could hear. They were 

equally likely to approach a piece of food that their competitor could not see but 

could hear during baiting and one that their competitor could not see or hear.  
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 The main alternative explanation offered for positive findings is a 

behavior-reading interpretation that could potentially explain chimpanzees’ 

choices equally as well as a mindreading interpretation (Heyes, 1993, Heyes, 

1998, Penn and Povinelli, 2007, but see Table 1 in Hare, 2011 for a summary of 

evidence against this and other alternative explanations). For example, 

chimpanzees might simply have learned during the course of their lives that 

agents pursue anything in their environment as long as a direct line can be 

drawn between the agent and the target and nothing obstructs this line. One 

recent test of this type of behavior-reading hypothesis involved giving subjects 

unique self-experience with unfamiliar equipment that alters one’s perceptual 

access. Then these subjects were tested to evaluate whether their self-experience 

aided their ability to correctly predict the effect of this same equipment on the 

visual experience of others (Heyes, 1998, Povinelli and Vonk, 2003, Povinelli and 

Vonk, 2004). To do so, Karg et al. (2015b) used a competitive setup very similar to 

Melis et al. (2006a). Chimpanzees attempted to steal food from a human 

experimenter who could not see them until they reached their hand into the 

tubes where the food was located. From a distance, both tubes appeared to block 

the human’s view but one was actually see-through. Before the test phase, 

subjects were shown peanuts behind each surface so that they could experience 
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the occlusive properties of the tubes. In the test phase, they avoided the see-

through tube, even though from afar both looked identical. These results suggest 

that chimpanzees were able to infer what their competitor could see based on 

their own self-experience with these novel objects.  

 

1.1.3 Attributing Knowledge, Ignorance, and False Belief to Others 

 In addition to reasoning about what others can perceive in the present, 

experimental evidence suggests that chimpanzees are capable of understanding 

what others have perceived in the past. In a competitive paradigm, subordinate 

chimpanzees were more likely to approach hidden food when their competitor 

was uninformed or misinformed about its location than when he was 

knowledgeable (Hare et al., 2001). Similarly, chimpanzees were reluctant to 

approach food when their competitor had witnessed it being hidden but not if 

their competitor was switched out for a new dominant individual who had not 

seen the baiting process (Hare et al., 2001). In the “chimp chess” paradigm in 

which food was baited in several cups and two chimpanzees took turns 

searching for that food—each blind to the other’s choices—subjects adjusted their 

behavior depending on whether their competitor was knowledgeable or ignorant 

of the food’s location (Kaminski et al., 2008). When the subject chose second, she 
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avoided food that her competitor knew about (inferring that the competitor 

would have already retrieved this item). MacLean and Hare (2012) presented 

chimpanzees with a series of experiments in which subjects witnessed an 

experimenter become aware of or remain ignorant to an object that was placed in 

her vicinity (by visually orienting to it or not). The experimenter later looked in 

the direction of the object and mimicked surprise. Subjects recognized when the 

experimenter already knew about the object, and in these cases were more likely 

to follow the experimenter’s line of sight beyond the object in search of an 

alternate target of his attention. Together, these studies show that chimpanzees 

can discriminate between knowledgeable and ignorant individuals, they have 

different expectations of how these agents will behave, and they use this 

information both to outcompete ignorant groupmates, and potentially even to 

inform them of danger (Crockford et al., 2012).  

 To date, however, no experimental demonstration is consistent with 

chimpanzees explicitly attributing false beliefs to others (Call and Tomasello, 

1999, Hare et al., 2001, Kaminski et al., 2008, Krachun et al., 2009, Krachun et al., 

2010). A false belief exists when an individual believes something that is different 

from reality. Unlike knowledge or ignorance, understanding false beliefs 

requires representing not only whether or not the individual is aware of the true 
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state of the world, but also specifically the way in which she construes the world 

to be different than it is. In humans, this ability appears to be tightly linked to 

language development (Lohmann and Tomasello, 2003, Milligan et al., 2007). In 

one study with chimpanzees, an experimenter baited food in one of two 

containers out of view of the subject but within view of a human competitor 

(Krachun et al., 2009). In the critical condition, the competitor then either turned 

around or left the room and the experimenter switched the locations of the cups. 

When the competitor returned she reached effortfully for the now incorrect 

location (a competitive gesture that chimpanzees have previously been shown to 

follow to find hidden food: e.g., Hare and Tomasello, 2004). While in one 

experiment chimpanzees tended to look at the baited container in false belief 

trials, they still followed the competitor’s reaching gesture and selected the 

incorrect cup. Although their looking behavior may reflect some implicit 

understanding of belief, unlike human children, chimpanzees were unable to act 

on this understanding.  

 

1.1.4 Recognizing Others’ Goals and Intentions 

 A variety of experiments suggest that chimpanzees and other apes have 

some understanding of others’ goals and intentions. Chimpanzees treat the 
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actions of humans, but not mechanical claws, as goal-directed and anticipate the 

outcomes of these goal-directed actions (Myowa-Yamakoshi et al., 2012, Kano 

and Call, 2014b). They correctly identify an actor’s goal based on the context of 

his actions (Buttelmann et al., 2012). Chimpanzees are also able to complete 

others’ failed actions (Tomasello and Carpenter, 2005). They provide targeted 

help to conspecific and human partners based on a specific understanding of 

their partner’s needs (Warneken and Tomasello, 2006, Warneken et al., 2007, 

Yamamoto et al., 2009, Melis et al., 2011, Yamamoto et al., 2012, Melis and 

Tomasello, 2013, Bullinger et al., 2014). Chimpanzees also discriminate 

intentional from accidental actions (Call and Tomasello, 1998, Tomasello and 

Carpenter, 2005) and respond differently to an experimenter when he is 

unwilling to help them versus unable to do so, even though the experimenter 

performs very similar actions in each case (Call et al., 2004). Taken together, these 

studies suggest that chimpanzees have a robust understanding of the goals and 

intentions that govern others’ actions. 

 Given the cooperative nature of human society, humans are also known to 

exhibit shared intentionality (Tomasello et al., 2005). Shared intentionality 

describes our ability to hold, and attribute to others, shared goals and intentions 

that structure collaborative or joint activities. For example, when performing a 
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collaborative activity, such as building a house, all collaborators are aware of 

their shared goal (i.e., to complete the house) as well as each other’s 

complementary roles required to accomplish the task. Although chimpanzees 

engaged in triadic turn-taking activities with humans and even elicited further 

interaction after the activities were terminated, it remains unknown if these 

activities are supported by an understanding of shared intentions (Warneken et 

al., 2006, MacLean and Hare, 2013). Some evidence suggest that chimpanzees are 

aware of their partners’ role in collaborative activities and even the means that 

are necessary for the partner to accomplish that role, suggesting that differences 

in motivation rather than cognition may underlie species differences in shared 

intentionality (Melis et al., 2006b, Melis and Tomasello, 2013, Bullinger et al., 

2014). 

 

1.1.5 Summary 

Chimpanzees have at least a basic understanding of others’ perspectives: 

they know whether or not an agent can see or hear an object. They also know 

whether or not an agent is knowledgeable or ignorant about that object. And 

they can reason about the goals and intentions that underlie agents’ actions. If we 

were to consult these data alone to make inferences about the cognitive 
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phenotype of the last common ancestor of humans and chimpanzees, we would 

conclude that it possessed some aspects of a human-like theory of mind but not 

others. It knew, for example, whether or not an agent could see an object, but not 

how the object looked from the agent’s perspective. It knew whether or not an 

agent was aware of or ignorant about an object, but not how the agent 

misconstrued attributes of the object when she held a false belief about it. And it 

understood the goals that guide an agent’s actions, but may not have possessed 

the right cooperative motivations to exhibit shared intentionality.  But this 

evolutionary inference is heavily dependent on either assuming bonobo theory 

of mind is highly similar to chimpanzees or that the last common ancestor is 

more chimpanzee-like cognitively.  

 

1.2 Bonobo Cognitive Evolution  

 The singular focus on chimpanzees as a model for human cognitive 

evolution is problematic because, like humans, chimpanzees too have 

experienced 5 to 7 million years of evolution since our lineages diverged and 

therefore are also different from our last common ancestor. Likewise, bonobos 

and chimpanzees have experienced several million years of independent 

evolution. Thus, although the general assumption has often been that bonobos 
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will perform similarly to chimpanzees on most cognitive tasks, this is not always 

the case (Herrmann et al., 2010). Only through studying the three species can we 

confidently infer which aspects of our cognition are evolutionarily ancient, and 

shared with our closest relatives, and which are unique to each species. Perhaps 

even more importantly, there is much reason to believe that bonobos will offer 

some very different clues than chimpanzees about human evolutionary history 

(Hare, 2011). Below, we outline a framework that guides our analysis of existing 

comparative studies and our suggested directions for future work. We describe 

the self-domestication and empathizing-systemizing hypotheses, which together 

provide testable ultimate and proximate explanations for differences in 

chimpanzee and bonobo social cognition (Figure 1).  

 

1.2.1 The Self-Domestication Hypothesis 

 The self-domestication hypothesis is based on the observation that 

domestication—which frequently involves artificial selection against 

aggression—consistently produces a suite of changes in morphology, 

physiology, behavior, and cognition relative to a species’ wild counterpart (Hare 

et al., 2012). Importantly, in many cases of domestication, including that of dogs 

from wolves, a phase of self-domestication has been proposed to have preceded 
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domestication by artificial selection. During self-domestication of dogs, natural 

selection likely favored individuals who were more socially tolerant and less 

fearful of humans, as these individuals could live in closer proximity to humans 

and exploit new resources such as human refuse. In this way, selection against 

aggression is thought to have exerted pressures on canine evolution through 

natural selection even before the intervention of artificial selection (Hare and 

Woods, 2013).  

Relative to chimpanzees, bonobos exhibit many of the characteristic 

changes associated with the domestication syndrome, and are hypothesized to 

have been self-domesticated via natural selection for prosociality and against 

aggression (Hare et al., 2012). Bonobos exhibit higher levels of tolerance while co-

feeding than chimpanzees and consequently are more flexible cooperators in 

instrumental tasks (Hare et al., 2007). Whereas chimpanzees are highly 

xenophobic, bonobos are known to be prosocial even with strangers (Hare and 

Kwetuenda, 2010, Tan and Hare, 2013, Wilson et al., 2014, Williams et al., 2004, 

Goodall, 1986). Researchers have also documented species differences in apes’ 

neuroanatomy and hormonal profiles and a delayed pattern of social 

development in bonobos relative to chimpanzees, which likely constitute the 

proximate underpinnings of bonobos’ greater social tolerance and prosocial 
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flexibility (Wobber et al., 2010b, Wobber et al., 2010c, Rilling et al., 2012, 

Stimpson et al., 2015). Importantly, although both species live in similar large 

multi-male, multi-female, promiscuous, fission-fusion societies, bonobos are 

believed to experience more relaxed feeding competition than chimpanzees 

(Wrangham, 1993). Reduced competition may have allowed selection to favor 

increased social tolerance and ultimately produce the other correlated by-

products of the self-domestication process.  

From the self-domestication hypothesis, we can derive several predictions 

about the social cognitive abilities of chimpanzees and bonobos. First, the self-

domestication hypothesis posits heterochonic shifts—changes in the timing or 

pattern of development—as a major proximate mechanism underlying species 

differences. Specifically, domesticates show juvenilization, or retention of 

paedomorphic traits into adulthood that in non-domesticates are only present in 

infants and juveniles. They also often exhibit delayed patterns of development. 

Since relaxed feeding competition is believed to have facilitated selection against 

aggression in bonobos, delays are expected to impact behaviors related to 

feeding competition. Such delays have been shown relative to chimpanzees in 

the ontogeny of social intolerance, social inhibition, and spatial memory (Wobber 

et al., 2010c, Rosati and Hare, 2012).  
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Therefore, the chief prediction that we can draw from the self-

domestication hypothesis is that there will be a relationship between delayed 

patterns of development and theory of mind abilities in bonobos. However, there 

are several competing hypotheses about the specific influence that delayed 

development will have on adult theory of mind. Additionally, it is not clear 

whether all theory of mind skills will be impacted in the same way.  

One possibility is that social cognitive traits themselves will be delayed. 

Nevertheless, despite the delay, bonobos may eventually demonstrate 

comparable performance to chimpanzees on theory of mind tasks. Indeed, 

despite bonobos’ very slow maturation of social inhibition throughout the 

juvenile period, by adulthood bonobos and chimpanzees perform equivalently 

on some social inhibition tasks (Wobber et al., 2010c). Alternatively, 

developmental delay may result in bonobos failing to show comparable social 

cognitive flexibility to chimpanzees. A similar outcome has been documented in 

other domains of social and cognitive development: as juveniles both bonobos 

and chimpanzees exhibit high levels of social tolerance and low performance on 

spatial memory tasks; however, whereas chimpanzees become less socially 

tolerant and better at memory tasks with age, bonobos maintain juvenile levels of 

both traits into adulthood (Wobber et al., 2010c, Rosati and Hare, 2012). 



 

20 

Moreover, since both inhibitory control and memory play key ancillary roles in 

theory of mind, it is conceivable that a delay in the emergence of these traits may 

constrain the development of theory of mind in bonobos.  

It is also possible that delayed development may result in a longer period 

of developmental plasticity and permit bonobos to develop skills that 

chimpanzees do not. Indeed, humans have evolved an extended period of 

juvenility and adolescence that is associated with greater cognitive flexibility 

(Kaplan et al., 2000). Consistent with this hypothesis, there is evidence that 

bonobos reach certain developmental milestones much later than chimpanzees. 

For example, chimpanzees experience changes in TT3 thyroid hormone levels at 

the end of their somatic growth, and bonobos exhibit juvenile levels of these 

hormones ten years longer than chimpanzees do (Behringer et al., 2014).  

A final alternative is that social cognition may not have been directly 

shaped by self-domestication; however, traits that were shaped by selection 

against aggression may still influence the ontogeny of social cognition. For 

example, retention of juvenile levels of social tolerance into adulthood (Wobber 

et al., 2010c) may provide more opportunities for bonobos to learn about the 

behavior and mental states of their conspecifics, ultimately resulting in more 

flexible theory of mind skills in bonobos. Research in human children has 
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already linked temperament to theory of mind, showing in particular that 

children who are less aggressive, more shy, and more observant at age 3 perform 

better on false belief tasks at age 5 (Wellman et al., 2011). Wellman et al. (2011) 

hypothesize that more socially tolerant children experience more opportunities 

to interact with others and learn about their mental states. Further evidence that 

self-domestication may indirectly lead to greater theory of mind abilities has 

been provided in other taxa, where selection against aggression has resulted in 

greater sensitivity to social cues (Hare et al., 2005). Paedomorphic levels of social 

tolerance have previously been associated with more flexible prosocial behavior 

in bonobos (Hare et al., 2007). It is therefore possible that bonobos will exhibit 

more advanced theory of mind skills in general, or specifically in those abilities 

that are involved in cooperation—such as empathy, understanding of 

cooperative intentions, and shared intentionality. It is even possible that self-

domestication’s selection for prosociality has produced changes in cooperative 

theory of mind skills in the absence of developmental change.  

 

1.2.2 The Empathizing-Systemizing Hypothesis 

 A potentially complementary hypothesis—this one relevant to the 

proximate origins of chimpanzee and bonobo species differences—comes from 
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the literature on autism spectrum disorders. This hypothesis, the empathizing-

systemizing hypothesis, links degree of masculinization of the brain during 

prenatal development to differences in adult theory of mind skills. Variation in 

masculinization has been documented between chimpanzees and bonobos, 

perhaps resulting from self-domestication. According to the empathizing-

systemizing hypothesis, this variation may cause pronounced differences in the 

theory of mind abilities of the two species (Figure 1). 
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Figure 1: Diagram and predictions of the Empathizing-Systemizing 

Hypothesis  

 

The empathizing-systemizing hypothesis was originally developed to 

provide an explanation for why people with autism spectrum disorders are 

characterized by deficits in empathizing and average or above average abilities 

in systemizing (Baron-Cohen, 2009). Empathizing in this context refers to the 

ability to understand others’ mental states and to respond appropriately to their 

emotions. Systemizing refers to a propensity for creating and analyzing 

predictable, rule-governed systems. Men tend to exhibit higher levels of 
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systemizing and lower levels of empathizing than women, and the even more 

extreme pattern of high systemizing and low empathizing seen in autism 

spectrum disorder is thought to result from hyper-masculinization of the brain 

during prenatal development (Baron-Cohen, 2009).   

Bonobos have more human-like 2D:4D ratios than chimpanzees, 

suggesting lower prenatal androgen exposure and less masculinization of the 

brain during development (McIntyre et al., 2009). If nonhuman apes adhere to 

the pattern of individual differences seen in humans, bonobos should exhibit 

greater skill in empathizing but less skill in systemizing than chimpanzees. 

Neurological evidence further supports this claim: relative to chimpanzees, 

bonobos have more gray matter in the right dorsal amygdala and the right 

anterior insula—areas that function to perceive distress (Rilling et al., 2012). They 

also have stronger connections between the amygdala and the ventral anterior 

cingulate cortex, a pathway that contributes to aversion to others’ harm, as well 

as greater serotonergic innervation of the amygdala than chimpanzees (Rilling et 

al., 2012, Stimpson et al., 2015). Relative to other apes, humans and bonobos also 

have a larger and more diversified posterior orbitofrontal cortex, which has been 

implicated in emotional responsiveness to social stimuli (Semendeferi et al., 

1998). Thus, both physiological and neurological evidence support the 
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empathizing-systemizing hypothesis and suggest that bonobos may be more 

sensitive to others’ mental states than chimpanzees.  

Recent human evolution has been characterized by a reduction in 

androgen activity, as reflected in the feminization of craniofacial morphology 

(Cieri et al., 2014). This shift is believed to partially explain our unusual levels of 

within-group social tolerance (Cieri et al., 2014). It may therefore be that the same 

forces involved in bonobo evolution have shaped the cognitive and behavioral 

phenotype of our species. If the predictions of the self-domestication and 

empathizing-systemizing hypotheses are supported in bonobos and 

chimpanzees, there is reason to believe that humans’ unique social cognitive 

abilities also evolved, at least in part, through a process of feminization in 

response to selection for prosociality and against aggression.  

 

1.3 Theory of Mind in Bonobos 

 The self-domestication hypothesis predicts developmental delays that 

may impact the emergence of bonobos’ theory of mind abilities. Consistent with 

this prediction MacLean and Hare (2012) found that chimpanzees succeeded in 

three related perspective-taking tasks whereas bonobos succeeded in only one. 

MacLean and Hare (2012) suggested that this differential performance might 
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reflect a developmental delay in bonobos relative to chimpanzees (Wobber et al., 

2010c). However, this potential species difference must be interpreted with 

extreme caution for several reasons. First, the bonobos tested in the task were, on 

average, three years younger than the chimpanzees and roughly half were non-

adults. Second, bonobos did not respond to certain aspects of the stimuli in a 

control condition, making it unclear whether the differential performance reflects 

an actual species difference or simply methods that were more ecologically 

relevant for chimpanzees. Beyond this study, which was not directly aimed at 

exploring developmental differences in chimpanzee and bonobo social cognition, 

there is no published work that directly addresses this question. Wobber et al. 

(2014) did conduct a battery of cognitive tests to investigate differences in early 

cognitive development between humans and the other apes. Unfortunately, 

although the authors were able to show that social cognition emerges earlier and 

develops more rapidly in humans than in chimpanzees and bonobos, they did 

not report analyses of differences in developmental trends between the 

nonhuman apes.  

 The principal prediction of the empathizing-systemizing hypothesis is that 

bonobos will show more flexibility than chimpanzees on theory of mind tasks 

but not systemizing tasks. Herrmann et al. (2010) administered a cognitive test 
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battery of 16 tasks to a large sample of bonobos and chimpanzees. As predicted 

by the empathizing-systemizing hypothesis, the results showed that 

chimpanzees are more skilled than bonobos’ on tasks requiring understanding of 

physical causality and tool use (traits associated with systemizing) whereas 

bonobos performed more skillfully than chimpanzees on tasks involving social 

causality and theory of mind (traits related to empathizing). However, a wider 

range of tasks than presented in Herrmann et al. (2010) is needed to more fully 

characterize the differences in theory of mind abilities between chimpanzees and 

bonobos.  

For example, bonobos consistently appear to be more sensitive than 

chimpanzees to certain types of social information. They gaze follow more 

reliably and more flexibly than chimpanzees (Herrmann et al., 2010), including in 

response to allospecific models (Kano and Call, 2014a). They also make more eye 

contact with conspecifics than chimpanzees (Kano et al., 2015), which in humans 

is often associated with greater sensitivity to others’ mental states (e.g., Phillips et 

al., 1992) and in other species appears to be a product of domestication (Miklosi 

et al., 2003, Gácsi et al., 2009, Hernadi et al., 2012).  

However, in most other theory of mind skills for which both species have 

been tested, their performance has been comparable (except MacLean and Hare, 
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2012, reviewed earlier). For example, in basic understanding of attention and 

agency, it appears that there are no differences between species. Both species, as 

well as the other great apes, interpret others’ actions as goal-directed 

(Buttelmann et al., 2012, Kano and Call, 2014b). They also follow gaze 

geometrically and check back with the actor when they cannot identify the target 

of her gaze (Povinelli and Eddy, 1996, Call et al., 1998, Tomasello et al., 1999, 

Brauer et al., 2005, Okamoto-Barth et al., 2007). In addition, all great apes will 

walk to the front of an agent before attempting to communicate with her (Liebal 

et al., 2004), and use more gestural communication when the recipient of their 

gestures is oriented toward them than away (Kaminski et al., 2004, Hostetter et 

al., 2007, Tempelmann et al., 2011).  

In object choice tasks where subjects must follow a human’s gesture to 

locate hidden food, bonobos have always performed similarly to chimpanzees  

(Brauer et al., 2006, Herrmann and Tomasello, 2006, Herrmann et al., 2010, 

MacLean and Hare, 2015). The one study that tested bonobos on their 

understanding of others’ beliefs also did not find positive evidence in either 

bonobos or chimpanzees (Krachun et al., 2009).  

In addition to controlled cognitive experiments, several studies have 

investigated in each species behaviors that may be related to empathy. Though 
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no studies have quantitatively compared the two species in these behaviors, 

bonobos and chimpanzees have both exhibited contagious yawning and 

consolation behavior (Fraser et al., 2008, Romero et al., 2010, Campbell and de 

Waal, 2011, Demuru and Palagi, 2012, Clay and de Waal, 2013, Palagi and 

Norscia, 2013, Palagi et al., 2014). Contagious yawning is believed to be a 

rudimentary form of emotional contagion that is linked to empathy because it is 

exhibited most frequently in response to bonded partners or close kin. 

Consolation occurs when, in the wake of an agonistic interaction, a bystander 

responds to the distress of the victim by providing affiliative contact. Both 

chimpanzees and bonobos direct this post-conflict affiliation toward their bond 

partners. These behavioral measures have been argued to represent evidence for 

a rudimentary form of empathy (Preston and de Waal, 2002).  

Taken together, the existing qualitative and quantitative work that allows 

for comparisons between bonobo and chimpanzee theory of mind abilities 

suggests comparable skill in both species. The exceptions is that bonobos have 

shown greater sensitivity than chimpanzees to eye contact and gaze. Eye contact 

and gaze following are related to empathy in humans (e.g., Dadds et al., 2012), 

and are used for gathering social information that informs inferences about 

others’ psychological states. Meanwhile, chimpanzees exhibit more skill in tasks 
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relating to tool use and causal reasoning. These data provide preliminary 

support for the empathizing-systemizing hypothesis that chimpanzees are the 

systemizers and bonobos the empathizers of the Pan-clade. These findings are 

also consistent with the self-domestication hypothesis. However, developmental 

comparisons thus far suggest, for the most part, that if self-domestication has 

shaped bonobo social cognitive abilities any developmental delay that bonobos 

experience may be overcome by adulthood through the developmental plasticity 

that such a delay affords. Future work will be essential in further testing the 

predictions of these hypotheses. 

 

1.4 Moving Forward 

 Theory of mind abilities are among the defining features of our species, 

yet there remain many unanswered questions about their evolutionary origins. 

Comparative research involving humans’ two closest relatives, chimpanzees and 

bonobos, provides the most powerful tool for understanding the evolution of 

these skills in the lineage leading to humans. While work in chimpanzees has 

demonstrated that they possess many, but not all, of the theory of mind skills 

that are exhibited by humans, many more gaps exist in our knowledge of these 

abilities in bonobos (see Table 1). These gaps hinder inferences about the 
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cognitive phenotype of the last common ancestor of chimpanzees, bonobos, and 

humans as well as the selective forces that shaped the cognitive abilities of each 

species.  
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Table 1: Theory of mind skills in chimpanzees and bonobos 

Understanding of 

others’ 
Chimpanzees Bonobos 

Gaze direction1 ✓✓✓✓ ✓✓✓✓ 

Attention2 
✓✓✓✓ ✓✓✓✓ 

Seeing3 
✓✓✓✓ ? 

Hearing4 
✓✓✓✓? ? 

Knowledge and 

Ignorance5 
✓✓✓✓ ✓✓✓✓ ? 

False Beliefs 

(Implicitly)6 
✓✓✓✓ ? ✓✓✓✓ ? 

False Beliefs 

(Explicitly)7 
✖✖✖✖ ✖✖✖✖ 

Goals8 
✓✓✓✓ ✓✓✓✓ 

Intentions9 
✓✓✓✓ ✓✓✓✓ ? 

Shared Goals10 ? ? 

1: (Brauer et al., 2005, Call et al., 1998, Okamoto-Barth et al., 2007, Povinelli and Eddy, 1996, 
Tomasello et al., 1999); 2: (Hostetter et al., 2007, Kaminski et al., 2004, Leavens et al., 2004, Liebal 
et al., 2004, Tempelmann et al., 2011); 3: (Hare et al., 2000, Hare et al., 2006, Karg et al., 2015a, 
Karg et al., 2015b, Melis et al., 2006a); 4: (Brauer et al., 2008, Melis et al., 2006a); 5: (Crockford et 
al., 2012, Hare et al., 2001, Kaminski et al., 2008, MacLean and Hare, 2012); 6: (Krupenye et al., in 
preparation-a); 7: (Call and Tomasello, 1999, Hare et al., 2001, Kaminski et al., 2008, Krachun et 
al., 2009, Krachun et al., 2010); 8: (Bullinger et al., 2014, Buttelmann et al., 2012, Kano and Call, 
2014b, Krachun et al., 2010, Melis and Tomasello, 2013, Melis et al., 2011, Myowa-Yamakoshi et 
al., 2012, Tomasello and Carpenter, 2005, Warneken and Tomasello, 2006, Warneken et al., 2007, 
Yamamoto et al., 2009, Yamamoto et al., 2012); 9: (Call et al., 2004, Call and Tomasello, 1998, 
Krupenye and Hare, in preparation-b, Tomasello and Carpenter, 2005); 10: (Bullinger et al., 2014, 
MacLean and Hare, 2013, Melis et al., 2006b, Melis and Tomasello, 2013, Warneken et al., 2006) 
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We have outlined two hypotheses—the self-domestication hypothesis and 

the empathizing-systemizing hypothesis—that together may explain the 

evolutionary origins of differential theory of mind abilities in bonobos, 

chimpanzees, and humans. The self-domestication hypothesis suggests that 

selection against aggression and for prosociality may have resulted in 

heterochronic changes that impact the emergence of theory of mind skills. These 

same selective pressures may also be responsible for less masculinization of the 

brain during prenatal development in bonobos than chimpanzees. The 

empathizing-systemizing hypothesis, in turn, suggests that these differences in 

masculinization may be responsible for greater flexibility in empathizing (i.e., 

theory of mind abilities) in bonobos and in systemizing (i.e., physical causal 

understanding) in chimpanzees.  

There are several key areas that should be explored in order to powerfully 

test these hypotheses and provide the most direct insights into the evolutionary 

history of humans and their closest relatives. First, if the social cognitive abilities 

of these species have been shaped by a self-domestication process, delayed 

development relative to chimpanzees should in some way impact the theory of 

mind skills of bonobos. Therefore, a critical test of this hypothesis requires a 

comparative developmental investigation of chimpanzee and bonobo theory of 
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mind. Second, the empathizing-systemizing hypothesis predicts that bonobos 

will exhibit greater competence than chimpanzees in employment of some, if not 

all, theory of mind abilities. Thus, future work must address the existing gaps in 

our understanding of theory of mind in both species.  

To address these gaps, several concurrent strategies are necessary. On the 

one hand, it will be important to replicate with bonobos theory of mind studies 

that have been completed with chimpanzees. For example, almost no work has 

investigated their perspective-taking skills, including their understanding of 

what others perceive and what others know. In other areas, such as 

understanding of others’ goals and intentions, bonobos have only been tested on 

a minority of paradigms. It will also be critical to develop new paradigms that 

maximize ecological relevance for bonobos. Indeed, the bonobo-chimpanzee 

comparison highlights some key challenges in comparative psychology. Despite 

being sister species, bonobos and chimpanzees exhibit significant differences in 

behavior, physiology, and neurobiology. Consequently, previous experiments 

that have been designed to study social cognition in chimpanzees may not hold 

the same ecological relevance for bonobos, and poor performance by bonobos in 

such tasks could reflect species differences in experimental motivation more than 

cognitive ability. Just as efforts to study animal cognition by directly adapting 
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experimental paradigms from developmental psychology have not always been 

successful at accurately characterizing nonhuman cognition, relying solely on 

chimpanzee-specific paradigms may introduce a source of bias when testing 

bonobos since those paradigms have been tailored to chimpanzees for the past 

two decades. Thus, a combination of existing paradigms and new approaches 

adapted for the unique characteristics of bonobos will be essential to fully 

capture the nuanced cognitive and motivational differences between the two 

species. 

Since motivation and temperament interact with theory of mind abilities, 

many of the most successful studies of chimpanzee theory of mind have 

capitalized on competitive settings that maximize chimpanzees’ motivation to 

demonstrate their cognitive skill (Hare et al., 2000, Hare et al., 2001). However, 

competitive contexts may not motivate bonobos in the same way that they do 

chimpanzees. Research has shown that whereas chimpanzees experience a spike 

in testosterone preceding competition over food, bonobos experience a spike in 

cortisol (Wobber et al., 2010b). These differential responses indicate that while 

chimpanzees are emboldened in anticipation of conflict, bonobos become 

stressed and are probably motivated to avoid, rather than engage in, 

competition. In contrast, bonobos have been shown to perform a handful of 
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cooperative behaviors more flexibly than chimpanzees, owing to their 

heightened social tolerance (Hare et al., 2007, Hare and Kwetuenda, 2010, Tan 

and Hare, 2013). Therefore, it may be in cooperative contexts that bonobos are 

most motivated to demonstrate their cognitive skill. Future work should take 

advantage of such contexts to investigate social cognition in bonobos. For 

example, studies of targeted helping and sharing could shed light on bonobos’ 

understanding of other’s goals and intentions. Krupenye et al. (in preparation-b) 

have found that bonobos actively transfer food, even doing so proactively 

(without request by the recipient)—prosocial behaviors not exhibited by 

chimpanzees—although, unlike chimpanzees, bonobos do not transfer tools or 

other objects. These findings suggest that while bonobos and chimpanzees have a 

similar understanding of others’ needs, motivational differences impact their 

tendency to demonstrate that understanding.  

Human infants discriminate agents based on their prosocial and antisocial 

actions and intentions (Hamlin et al., 2007, Hamlin et al., 2010b, Hamlin and 

Wynn, 2011, Hamlin, 2013), and these abilities may also be particularly 

pronounced in bonobos. Indeed, Krupenye and Hare (in preparation-a; in 

preparation-b) found that bonobos are able to discriminate between unfamiliar 

social partners based on both their actions and intentions. Bonobos either 
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witnessed interactions in which one unfamiliar individual behaved prosocially 

and another antisocially toward a third party, or they were directly subjected to 

this prosocial and antisocial behavior. They were then allowed to choose 

between (or to beg for food from) the prosocial or antisocial individual. When 

bonobos were evaluating humans and animated agents based on those 

individuals’ interactions with third parties, they preferred antisocial individuals 

over prosocial ones. A follow-up study suggested that this pattern might be 

related to bonobos’ preference for dominant over subordinate individuals, since 

dominance is often clearly conveyed by antisocial behavior (Krupenye and Hare, 

in preparation-a). However, when evaluating others based on direct interactions 

between the bonobo and those individuals, they reliably preferred prosocial over 

antisocial individuals and, surprisingly, even privileged intentions over 

outcomes in their evaluations: in the most extreme study, they preferred an 

individual who attempted but failed to give them food over one who teased 

them but accidentally gave them food (Krupenye and Hare, in preparation-b). 

Future research should continue to examine social cognition in cooperative 

settings, including perspective-taking abilities, cognitive and affective empathy, 

and shared intentionality. 
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 Finally, many areas of theory of mind are understudied in general. For 

example, to date no study has provided positive evidence of false belief 

understanding in nonhumans, but researchers have not attempted to assess an 

implicit understanding of false belief using the kinds of spontaneous anticipatory 

looking or violation of expectation measures that have proven fruitful in human 

infants (e.g., Onishi and Bailargeon, 2005, Southgate et al., 2007). Recently, using 

an anticipatory looking paradigm, Krupenye et al. (in preparation-a) discovered 

that—just like human infants—bonobos, chimpanzees, and orangutans predicted 

that agents would search for a hidden object where they last saw it, even if the 

object had been moved while the agent wasn’t looking. While further work is 

necessary to confirm the mechanism underlying these results and identify its 

limits, Krupenye et al. (in preparation-a) data provide the first evidence that 

great apes may have at least an implicit understanding of others’ false beliefs.   

Future research on social cognition in bonobos and chimpanzees promises 

to yield exciting developments. Examining these traits will clarify whether social 

cognition is largely similar between the two species—that is, whether both 

species have a Pan-typical theory of mind. Alternatively, future work may 

demonstrate that the species’ independent evolutionary histories have produced 

key differences in their social cognitive abilities. In many cases, this work will 
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permit more accurate reconstructions of the cognitive phenotype of the last 

common ancestor by clarifying which social cognitive abilities are shared by 

bonobos, chimpanzees, and humans. Additionally, by identifying cognitive 

differences between the three species and elucidating the selective forces that 

shaped cognitive evolution in our closest relatives, we will gain critical insights 

into the evolution of social cognition in our own species.  



 

40 

2 Bonobos actively share food but not their toys or tools 

Prosociality, or voluntary behavior that benefits others (Batson and 

Powell, 2003, Eisenberg et al., 2006), is extraordinary in humans for its ubiquity, 

intensity and flexibility. Human prosociality is among the key traits that make 

our species unique (Hill et al., 2009). However, other animals exhibit some 

human-like forms of prosocial behavior (Cronin, 2012).  Careful comparisons are 

therefore required to specify exactly what distinguishes human from nonhuman 

prosociality (Hare and Tan, 2011, Silk and House, 2011).   

Humans may have a higher intrinsic motivation to benefit others than 

nonhuman primates (e.g., Burkart et al., 2009). To test this strong prosociality 

hypothesis experimentally, researchers have focused their investigations primarily 

on food-related contexts, interpreting active sharing (i.e., transfer from the 

possession of the donor to the recipient) of food as evidence of strong prosocial 

motivations (Jaeggi et al., 2010a, Burkart et al., 2014). However, prosociality can 

manifest in numerous contexts that involve food as well as non-food currencies 

(Warneken and Tomasello, 2009). Accordingly, the versatile prosociality hypothesis 

argues that it is the extreme flexibility of human prosociality—made possible by 

both strong prosocial motivations and socio-cognitive capacities—that makes it 
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unique (Warneken, 2015). This hypothesis predicts that only humans will exhibit 

active sharing across food and non-food contexts.  

Current evidence from chimpanzees is consistent with both hypotheses. 

Chimpanzee (Pan troglodytes) prosociality is comparable to that of human 

children in some contexts, but constrained in others—especially in food-related 

contexts (Stevens, 2004, Warneken and Tomasello, 2009). Chimpanzees will 

remove a physical obstacle preventing a conspecific from retrieving out-of-reach 

items (Warneken et al., 2007, Melis et al., 2011). They also actively transfer objects 

already in their possession in response to requests from both humans and 

conspecifics (Warneken and Tomasello, 2006, Warneken et al., 2007, Yamamoto 

et al., 2009). This active transfer is motivated to meet the goal of the recipient 

(Yamamoto et al., 2012). However, the transfer of food in chimpanzees’ possession 

primarily occurs passively or in response to harassment (Gilby, 2006, Jaeggi et al., 

2010b,  although see mixed results in token-trading tasks: Horner et al., 2011, 

Amici et al., 2014). In one experiment when chimpanzee food possessors were 

separated from conspecifics by a physical partition, active transfer of food did 

not occur (Stevens, 2004, Melis et al., 2006b).  Xenophobia toward conspecifics in 

chimpanzees (e.g., Wilson et al., 2014, Williams et al., 2004, Goodall, 1986) also 

likely prevents any kind of prosociality toward strangers. Relative to humans, 
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chimpanzees appear to help less in quantity and across contexts—particularly 

when sharing requires actively giving food already in their possession.  

Bonobos (Pan paniscus) are more tolerant than chimpanzees (Hare et al., 

2012, but see Jaeggi et al., 2010b). They prefer to eat with a conspecific rather than 

monopolize high quality food. When given the choice of eating alone or releasing 

a conspecific to eat together, bonobos share their food voluntarily (Hare and 

Kwetuenda, 2010). This sharing is even xenophilic.  They prefer to share with a 

stranger over a groupmate when sharing also results in a potential physical 

interaction (Tan and Hare, 2013). Remarkably no aggression is observed in these 

sharing episodes.  This level of dyadic tolerance allows bonobos to 

spontaneously outperform chimpanzees in a novel instrumental cooperative task 

that requires sharing monopolizable food (Hare et al., 2007).  Similar to 

chimpanzees, bonobos will also help a conspecific obtain out-of-reach food that 

they themselves cannot obtain.  They will even help an unfamiliar conspecific in 

this same context (Tan and Hare, 2013, Tan et al., submitted).   

The limits of bonobo food sharing are also becoming apparent. Bonobos 

do not share high quality food (i.e. fruit) in their possession when experiments 

control for harassment.  Bonobos also do not always share with groupmates 

(Hare and Kwetuenda, 2010, Bullinger et al., 2013, Tan and Hare, 2013) and in 
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group contexts may show less sharing than chimpanzees (Jaeggi et al., 2010b). 

Anecdotally bonobos also seem unwilling to retrieve objects in their enclosure 

for a caretaker in the way chimpanzees do (Hare, personal observation; see also 

Liebal et al., 2014).  Additionally, they are no more tolerant than chimpanzees 

during dyadic interactions involving object play (MacLean and Hare, 2013). 

These observations raise the possibility that bonobos and chimpanzees differ in 

their prosocial tendencies due to different motivations for food and non-food 

items. Alternatively, if tested in a similar context to chimpanzees, bonobos may 

share objects as readily or even more readily than chimpanzees.  

Here we investigate food and object sharing in bonobos to examine the 

flexibility of bonobo prosociality. Based on Warneken et al. (2007) we first tested 

whether bonobos would help a human by retrieving an out-of-reach object. In a 

second experiment, using a tool-use context like Yamamoto et al. (2012), we 

compared their active transfer of food (nuts) and non-food items (tools to crack 

nuts).   Bonobos could either show a higher degree of flexibility than 

chimpanzees, sharing both food and non-food items, or different sharing 

tendencies than chimpanzees and a level of context-specificity not observed in 

humans. 
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2.1 Experiment 1 

2.1.1 Materials and Methods 

2.1.1.1 Subjects 

We tested 18 semi-free ranging bonobos (Pan paniscus) living at Lola ya 

Bonobo sanctuary in Kinshasa, Democratic Republic of Congo (6M:12F, ages 3-

15). These noninvasive behavioral studies were approved by Duke University 

(IACUC #A078-08-03) and adhered to the legal requirements of the Ministry of 

Research and the Ministry of Environment in D.R. Congo (permit 

MIN.RS/SG/004/2009). Animal husbandry and care practices complied with the 

policies of Lola ya Bonobo, as well as the Pan-African Sanctuary Alliance Primate 

Veterinary Healthcare Manual. Bonobos were born in the wild, orphaned by the 

bushmeat trade, and rescued by the sanctuary at an early age (~2-3 years old). 

Previous work indicates that sanctuary apes are psychologically healthy relative 

to other captive populations (Wobber and Hare, 2011). All bonobos were socially 

housed and free-ranged in large tracts of tropical forest during the day (30 

hectares across groups). In the evening, they spent the night in indoor 

dormitories (12 m2-160 m2). Subjects voluntarily participated in the studies in 

their dormitories. They could leave any time during testing by sitting near the 

exit. After testing, they re-joined their social groups in the forest. Subjects were 
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fed a variety of fruits, vegetables, and other species-appropriate foods four times 

daily, and were never food or water deprived for testing. Experiment 1 involved 

a between-subjects design with two conditions: reaching versus no-reaching, 

with nine subjects (matched roughly for age and sex) participating in each 

condition. Each subject participated in a single session on one day of testing.  

 

2.1.1.2 Procedure 

To facilitate a direct comparison with chimpanzees and human infants, we 

adapted our procedures directly from those used by Warneken et al. (2007). With 

the exception of one dependent offspring tested while his mother was in the 

room and one mother tested with a young infant, bonobos participated alone in a 

testing room (the subject room). The first experimenter (E1) was positioned in a 

demonstration area, facing the subject room and a long hallway. This hallway 

was adjacent to the subject room and separated from the demonstration area by a 

mesh door (see Figure 2A). All walls were constructed of mesh, allowing subjects 

visual access to events in the demonstration area and the hallway.  
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Figure 2: Testing setup (A) and results (B) of Chapter 2 Experiment 1. 

 Test trials began with E1 sitting on the floor playing with a stick. A second 

experimenter (E2) entered the demonstration area and approached E1. E2 

grabbed a hold of the stick (with E1 still holding it as well) and the two struggled 

over it, pulling each other back and forth three times and making effortful 

vocalizations. On the third tug, E2 successfully stole the stick from E1. E2 entered 

the hallway and closed the door behind him. E1 followed E2, whimpering and 

grabbed onto the closed door. Inside the hallway, E2 placed a small piece of 

banana under the mesh between the subject room and the hallway to position the 
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subject at the starting location. E2 kept walking through the hallway and placed 

the stick partially through the mesh about one meter from the banana. E2 then 

left the testing area by walking down the hallway.  

We started timing when the subject took the banana. In the first 30 

seconds, E1 leaned against the door, looked, and vocalized toward the stick. If, 

after 30 seconds the subject had not transferred the stick to E1, E1 became more 

communicative by calling the subject’s name, banging the door and alternating 

his gaze between the subject and the stick. In the reaching condition, E1 provided 

an additional ostensive cue of desire: he reached effortfully toward the stick 

throughout the duration of the trial. In the no-reaching condition, this additional 

cue was absent: E1 kept his arms at his side or on the door. Each trial ended 

when the subject transferred the stick, or after one minute. Each subject 

participated in a 12-trial session with ten test trials as just described and two 

baseline trials—one at the beginning and one at the end. Baseline trials were 

identical to test trials except that E1 was never present. As in test trials, they 

began when the subject took the banana. These baseline trials served to assess 

subjects’ baseline motivation to manipulate and transfer the stick. Whenever 

possible, E2 or the bonobo keepers retrieved any untransferred sticks from the 

subject before the next trial began.  
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2.1.1.3 Coding and analysis 

Two cameras, one in the demonstration area and one in the hallway, 

recorded the subject’s behavior. One coder blind to condition and hypotheses 

reviewed all trials and coded the following behaviors. The subject was marked as 

having retrieved the stick if she picked it up from its starting location. A transfer 

was coded if the subject handed the stick to E1, pushed it through the mesh into 

the demonstration area, or pushed it into the hallway within E1’s reach. Finally, a 

teasing event was coded if the subject was in the corner near E1, facing him, and 

gesturing toward him with the stick in hand.  A second coder blind to condition 

coded all trials for 28% of (randomly selected) subjects (N=5 of 18) with near-

perfect reliability (retrieval: Cohen’s kappa = 0.966; transfer: Cohen’s kappa = 1; 

teasing: Cohen’s kappa = 0.889) (Landis and Koch, 1977). All statistics were non-

parametric and two-tailed. We used Mann-Whitney U tests to compare between 

conditions the proportion of trials in which each subject performed each type of 

behavior. We used related samples Wilcoxon signed rank tests to compare 

between baseline and test trials the proportion of trials in which subjects 

performed each type of behavior.  

  



 

49 

2.1.2 Results and discussion 

In the reaching condition, only one bonobo transferred the stick on a 

single test trial (Figure 2B). In the no reaching condition, no bonobos ever 

transferred the stick on any test trials. One subject transferred the stick once on a 

baseline trial. Although bonobos almost never transferred the stick, they 

interacted with the stick in 33.33% of trials in the reaching condition and 43.33% 

of trials in the no reaching condition. There was no difference in the frequency of 

stick retrieval between conditions (baseline: U = 37.5, N1 = N2 = 9, p = NS; test: U = 

33.0, N1 = N2 = 9, p=NS, Mann-Whitney U tests), or between the baseline and test 

trials (reaching condition: z = -1.590, N = 9, T+ = 5, ties = 3, p =NS; no reaching: z = 

-0.849, N = 9, T+ = 3, ties = 1, p=NS, related samples Wilcoxon signed rank tests). 

Six subjects (33% of the sample) retrieved the stick in the majority of test trials, 

but still did not transfer it. This suggests that subjects attended to and were 

interested in the stick, but were not motivated to return it. Anecdotally, subjects 

sometimes responded instead by teasing E1. Four subjects teased the 

experimenter on a total of 11 trials in the reaching condition and two subjects 

teased the experimenter on a total of two trials in the no reaching condition. 

Bonobos’ behavior in Experiment 1 contrasts the behavior of chimpanzees 

and human infants in the same paradigm (Warneken et al., 2007). Whereas 
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chimpanzees and human infants retrieved the objects for the experimenter in 

about half of reaching trials, bonobos did so in only 1.1% of these trials. This 

finding suggests that bonobos do not exhibit the same motivation to share objects 

as chimpanzees. Alternatively, it’s possible that the paradigm was in some way 

less ecologically relevant for bonobos. One possibility is that bonobos are less 

motivated than chimpanzees to share with humans. Although there is some 

evidence that bonobos are more cautious than chimpanzees around unfamiliar 

humans (Herrmann et al., 2011), most subjects had interacted with E1 during this 

and a previous field trip. Moreover, both bonobos and chimpanzees readily 

engage with humans in triadic interactions involving objects (MacLean and Hare, 

2013). In one study, only male bonobos responded to affiliative interactions with 

humans (Schroepfer-Walker et al., 2015). However, chimpanzees exhibited the 

same sex difference in that study, and in the present study lack of helping was 

not restricted to one sex.  

Another possibility is that subjects did not help because they failed to 

understand E1’s goal. However, other studies have shown that bonobos, like 

chimpanzees, interpret reaching behavior as goal-directed and, in a battery of 

cognitive tasks, bonobos performed better than chimpanzees on those related to 

theory of mind (Herrmann et al., 2010, Kano and Call, 2014b). Moreover, 
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bonobos sometimes responded to E1 by teasing and did so more in the reaching 

condition than the no-reaching condition, further suggesting that they were 

aware of E1’s desire for the object. 

Warneken et al. (2007) included in the original study conditions in which 

subjects were rewarded for retrieving the stick. Although the presence of a 

reward did not increase helping by chimpanzees or human infants, it is possible 

that bonobos would have been more motivated to help in order to receive a 

reward. Critically, even such a finding would suggest a motivational difference 

for object sharing between chimpanzees and bonobos, since chimpanzees did not 

need to be rewarded in order to demonstrate high rates of helping. A final 

possibility is that bonobos were more motivated to engage in solo or joint object 

play than they were to help. Bonobos retrieved the stick on at least a third of 

trials and sometimes teased the experimenter, perhaps to engage in play. 

However, MacLean and Hare (2013) found in a series of studies that bonobos 

and chimpanzees generally engaged equally in object play with humans, 

although if anything chimpanzees were more playful than bonobos. 
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2.2 Experiment 2 

 To confirm our finding that bonobos are less motivated to share objects 

than chimpanzees and control for alternative explanations, we performed a 

second experiment. In Experiment 2, subjects were partnered in adjacent rooms 

with conspecifics rather than humans. We tested bonobos in a tool-use context 

since this is another context in which chimpanzees reliably share objects 

(Yamamoto et al., 2009, Yamamoto et al., 2012, Melis and Tomasello, 2013). One 

subject was equipped with several rocks that could be used to crack nuts, while 

her partner was provisioned with several nuts. The possession of multiple items 

of each currency meant that subjects could keep at least one for themselves for 

use as a tool or toy while still having more to share. Critically, this task also 

allowed us to compare bonobos’ proclivity for sharing food and non-food items. 

 

2.2.1 Materials and Methods 

2.2.1.1 Subjects 

Twelve bonobos (2M:10F; aged 5-15 years) participated in Experiment 2, 

none of whom were subjects in Experiment 1. We selected subjects who were 

frequently seen cracking nuts in their enclosure to ensure that they were capable 

of cracking nuts and that they valued the nuts and were motivated to consume 
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them. Subjects had to pass two pretests (see Procedure) and were then tested in 

pairs (N = 10). Within a pair each bonobo was assigned to be either a ‘nut-owner’ 

or a ‘rock-owner’. Most subjects (N = 8) played both roles in two different 

pairings (i.e., each of these subjects was a nut-owner in one pairing and a rock-

owner in another pairing). In this way we maximized the possible number of 

pairs and controlled for direct reciprocity within the experiment. The pairs were 

not created based on any other attributes of our subjects (e.g. sex, age, 

dominance, etc.). The other four subjects were only tested in one pairing due to 

loss of motivation or insufficient time during our field trip. An additional six 

subjects were excluded because they failed to pass both pre-tests. 

 

2.2.1.2 Setup 

During the test phase, subjects were situated in adjacent rooms and could 

only view one another or interact through a mesh window (roughly 1m x 1m) 

between the rooms (see Figure 3A and B). In the center of the mesh window was 

a hole large enough to permit passage of rocks, nuts, and subjects’ arms but not 

subjects’ heads or bodies. One experimenter was stationed outside of each room 

to provide experimental materials to the subjects, and to videotape all trials. 

Experimental materials included palm nuts and a pair of flat, portable rocks. 
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Palm nuts are a component of our subjects’ daily diet that is acquired through 

foraging in their forested enclosures. The bonobos consume palm nuts by 

cracking them with rocks or, occasionally, by crushing them forcefully with their 

teeth. The rocks used in this experiment were collected within the sanctuary. A 

hole was drilled in each rock so that a rope could be threaded through the hole 

and the rock could be tethered to a wall. One rock (the transferable rock) was 

tethered with a long rope, allowing it to be transferred to the adjacent room 

through an opening in the window. The second rock (the nontransferable rock) 

was tethered with a shorter rope, so that it could be used to crack nuts but could 

not be transferred. The tethers also ensured that rocks could be returned to the 

correct starting location between trials. 
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Figure 3: Testing setup and results of Chapter 2 Experiment 2. A. Experimental 

condition. B. Control condition. S1 and S2 are the subjects, located in adjacent rooms, 

who can interact through a single window (dashed line). Round circles represent nuts 

provided to subjects in each trial while rectangles attached to rounded lines depict 

rocks and their tethers. E1 and E2 are the experimenters and camera-people. C. Percent 

of trials in which subjects exhibited tolerated theft of rocks and nuts in the 

experimental and control conditions. D. Percent of trials in which subjects exhibited 

active sharing of rocks and nuts in the experimental and control conditions. Error bars 

denote standard error. 

 

2.2.1.3 Procedure 

Before qualifying for the test phase, bonobos had to pass two pretests. The 

self regard pretest was designed to ensure that subjects were skilled and motivated 
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nut-crackers. Alone in a testing room, a subject was provided with one rock and 

three nuts. Subjects were required to crack one nut within five minutes in order 

to succeed on a trial and needed to succeed on two consecutive trials to advance 

to the next pretest. If after two trials, subjects had succeeded on neither, they 

were excluded. 

 The tool mastery pretest was designed to ensure that subjects understood 

the importance of the rock to successful nut cracking. Each subject was given 

three nuts in the testing room, and a rock was placed on the opposite side of the 

room. Subjects had to transport the nuts to the rock and crack at least one nut 

within five minutes to succeed on a trial and only needed to succeed on a single 

trial to advance to the test phase. If after two trials, subjects had failed to meet 

this criterion, they were excluded.  

 In the test phase, subjects participated in pairs in adjacent rooms, one as 

the nut-owner and the other as the rock-owner (Figure 3). The test phase began 

with a single motivation trial in which the rock-owner, who always possessed at 

least one rock regardless of conditions (see below), was given a single nut. This 

motivation trial ended after one minute or as soon as the nut had been cracked. It 

served to attract the attention of the nut-owner and to generate motivation for 

nut cracking. After the motivation trial, five test trials were administered in one 
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block. Each test trial lasted five minutes. In the experimental condition (Figure 

3A), the rock-owner began each trial with both the transferable and 

nontransferable rock, while the nut-owner was provisioned with five nuts. Thus, 

each subject possessed an excess of one resource but required both their resource 

and that of their partner to solve the task. In the control condition (Figure 3B), the 

rock-owner began each trial with only the transferable rock; the nut-owner was 

now in possession of the nontransferable rock. In addition, both subjects were 

provided with five nuts, i.e. both subjects were equipped from the start with both 

of the resources that they needed to solve the task. In this way transfer of either 

resource was unnecessary in the control condition. Pairs completed one session 

per day on four separate days, for a total of two experimental and two control 

sessions, counterbalanced in ABBA or BAAB order. Each pair thus participated 

in 10 experimental and 10 control trials. 

 To test for any impact of dominance relationship on performance in the 

task, each pair participated in seven dominance trials during a single session, 

using a standard food competition test (e.g., Wobber et al., 2010b). Most pairs 

were tested after they had completed all test and control sessions. Dominance 

trials were performed in a testing room that experimenters could access from 

three sides, and both subjects were in the same room. During dominance trials, a 
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pair of experimenters centered the bonobos on opposite sides of the testing room 

with small pieces of food while a third experimenter positioned a larger—though 

monopolizable—piece of banana just outside the mesh, centrally between, and 

roughly two meters from, each of the two bonobos. This third experimenter then 

said, “ok,” at which time the other two experimenters stepped back and the 

bonobos were allowed to pursue the food. The subject who retrieved the piece of 

food was scored as the winner. After this subject had finished consuming the 

food, both were re-positioned and the next trial began. In all trials, both subjects 

immediately pursued the food and there was always a clear winner. In each pair, 

one individual won six or seven of seven dominance contests, indicating clear 

dominance relationships. All trials were filmed.  

 

2.2.1.4 Coding and Analysis 

Two experimenters recorded all trials on handheld cameras, focusing 

primarily on any interactions around the window between the testing rooms. 

One coder blind to hypotheses reviewed all trials and coded the following 

transfer behaviors. For reliability, a second blind coder coded all videos from a 

randomly selected 30% of pairs. Our definitions largely followed de Waal (1997). 

A transfer was coded as active sharing if the possessor transferred the item 
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through the window into the adjacent room. It was coded as tolerated theft if the 

recipient acquired the item from the possessor’s side of the window (including 

on the floor and in the hands of the possessor) without resistance from the 

possessor. Finally, a transfer was coded as a forced claim if the recipient acquired 

an item from the possessor’s side of the window while the possessor resisted by 

pulling back the recipient’s hand, pulling back the item, or racing to grab the 

item off the floor. In addition, we coded several communicative behaviors. 

Gestures were recorded whenever an individual reached through the window 

empty handed, as long as her hand remained empty when she retracted it. We 

coded grooming as manually manipulating the fur or skin of the other subject. 

Teasing was recorded if an actor held an object through the window without 

releasing it or released the object on the partner’s side but quickly retrieved it.  

Data were converted into binary measures (i.e., “1” if a given behavior 

occurred within a trial, and “0” if it did not). All measures had near-perfect inter-

rater reliability (nut sharing, rock theft, teasing by the rock owner: Cohen’s 

kappa = 1; grooming by the rock owner: Cohen’s kappa = 0.937; gesture by the 

rock owner: Cohen’s kappa = 0.921; nut theft: Cohen’s kappa = 0.869; agreement 

for rock sharing was also perfect, but Cohen’s kappa could not be calculated 
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because there were no positive cases among the trials reviewed by both coders) 

(Landis and Koch, 1977). 

 We used related-samples Wilcoxon signed rank tests to compare the 

frequency of trials involving nut and rock transfer between test and control 

conditions, and to compare, within each condition, the frequency of nut transfer 

trials with the frequency of rock transfer trials. In addition, we used Generalized 

Linear Mixed Models (GLMMs) to explore the factors that contributed to 

transfers. GLMMs assess the relative influence of predictor variables on the 

dependent measure (in this case, nut or rock transfer), while controlling for 

repeated measures, confounding variables, and covariation between predictor 

variables. We used the glmer function in the LME4 package in R to fit binomial 

models with a logit link function.  

 

2.2.2 Results and discussion 

Bonobo sharing occurred by tolerated theft and active sharing but not by 

forced claims (Figure 3C and D). Importantly, bonobos transferred nuts on 

significantly more trials in the experimental condition than in the control both by 

tolerated theft and by active sharing (tolerated theft: M = 2.1 ± s.e. = 0.745 in 

experiment, 0.1 ± 0.105 in control, z = -2.207, N = 10, T+ = 6, ties = 4, p = 0.027; 
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active sharing: 1.8 ± 0.858 trials in experiment, 0.1 ± 0.105 in control, z = -1.980, N 

= 10, T+ = 6, ties = 3, p = 0.048, related samples Wilcoxon signed rank tests). 

However, frequency of rock transfer by tolerated theft or by active sharing did 

not differ between conditions (tolerated theft: 0.7 ± 0.446 in experiment, 0 ± 0 in 

control, z = -1.604, N = 10, T+ = 3, ties = 7, p = 0.109; active sharing: 0.2 ± 0.211 in 

experiment, 0.1 ± 0.105 in control, z = -1, N = 10, T+ = 1, ties = 9, p = 0.317, related 

samples Wilcoxon signed rank tests).  

There was no difference in the number of trials involving transfer of nuts 

versus rocks in the control condition (tolerated theft: z = -1.000, N = 10, T+ = 1, ties 

= 9, p = 0.317; active sharing: z = 0, N = 10, T+ = 1, ties = 8, p = NS, related samples 

Wilcoxon signed rank tests). However, in the experimental condition subjects 

transferred nuts on significantly more trials than rocks both by tolerated theft 

and by active sharing (tolerated theft: z = -2.401, N = 10, T+ = 7, ties = 3, p = 0.016; 

active sharing: z = -2.226, N = 10, T+ = 6, ties = 4, p = 0.026, related samples 

Wilcoxon signed rank tests). Together, these results reveal that bonobos both 

passively and actively shared nuts but not rocks.  

 To further explore bonobos’ food sharing behavior, we investigated the 

predictors of tolerated theft and active sharing of nuts in separate GLMMs on a 

trial-by-trial basis. Both models included the same random effects and predictor 
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variables, but differed in the dependent measure: tolerated theft or active sharing 

of nuts. To account for multiple observations, we included the subject pair as a 

random effect. Our models also included several  predictors: condition (to 

account for differences in transfer between the experimental and control 

conditions), gesture by the rock owner (to determine whether help was provided 

proactively, or in response to request; Yamamoto et al., 2009, Melis et al., 2011), 

rock transfer (combined tolerated theft and active transfer; to assess the influence 

of within-trial interchange), dominance (to determine whether transfers are 

directed up or down the hierarchy), and trial (to account for changes over time). 

Theoretically it is plausible that bonobos might exchange nuts for grooming or 

that they might tease their partner to reduce proximity; however, both behaviors 

occurred infrequently (grooming: 6.5% of trials; teasing: 3.0% of trials) and 

neither co-occurred with tolerated theft or active sharing on more than a single 

trial. Therefore, we did not include either factor.  

 Consistent with our previous analyses, both models showed that bonobos 

transferred nuts significantly more in the experimental condition than in the 

control (p < 0.005 for both models; see Table 2). However, there was no effect of 

trial in either model, indicating that learning or changes in motivation did not 

influence transfers of either type. There was also no impact of gesturing by the 
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rock owner on tolerated theft or active sharing, suggesting that transfers were 

likely unsolicited. This finding is in line with evidence that bonobos perform 

prosocial behaviors proactively (Tan and Hare, 2013, Tan et al., submitted), 

which contrasts with the reactive nature of chimpanzee helping (Warneken et al., 

2007, Yamamoto et al., 2009, Melis et al., 2011, Yamamoto et al., 2012, but see 

Horner et al., 2011).  
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Table 2: Factors influencing likelihood of tolerated theft and active sharing of nuts 

in Experiment 2. Condition (with control as a baseline), trial (1-10), gesturing by the rock 

owner, rock transfer (tolerated theft and active sharing of rocks combined), and dominance (with 

the rock owner being dominant as baseline) were included as covariates in the model. Significant 

p-values are bolded. 

 Tolerated Theft of Nuts Active Sharing of Nuts 

Factor Estimate S.E. p-value Estimate S.E. p-value 

Intercept -5.025 1.261 <0.001 -6.900 1.579 < 0.001 

Condition  3.235 1.068 0.002 3.484 1.085 0.001 

Trial -0.040 0.091 0.662 0.030 0.102 0.766 

Gesture -0.004 0.581 0.994 -0.006 0.673 0.993 

Rock Transfer 1.775 0.876 0.043 0.262 1.005 0.794 

Dominance  0.559 0.733 0.446 2.181 1.039 0.036 

 

We found that tolerated theft of nuts was predicted by transfer of rocks (p 

= 0.043). This apparent reciprocal pattern might result from intentional 

interchange of resources or, more parsimoniously, from the physical proximity 

shared by tolerant partners. The majority of rock transfers (7 of 10) were also 

tolerated thefts (i.e., symmetry-based reciprocity; Brosnan and de Waal, 2002, 

Schino and Aureli, 2010). Active sharing of nuts, on the other hand, was not 

predicted by transfer of rocks, but by dominance. Subordinates actively shared 

nuts with dominant partners more than dominants shared nuts with 
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subordinates (p = 0.036). Active food-sharing in this context may therefore be 

politically motivated, with individuals transferring food in attempt to win favor 

from higher-ranking social partners (Seyfarth, 1977, Noë and Hammerstein, 1995, 

Schino, 2001). This finding aligns with other work showing that bonobos tend to 

transfer certain currencies up or down the hierarchy, such as food and 

solicitations for sex (Clay and Zuberbuhler, 2012, Yamamoto, 2015). Both 

reciprocity and sharing up the hierarchy are consistent with the possibility that 

bonobos are operating within a biological market system in which individuals 

monitor their relationships with others and trade goods and services in one 

currency for favors in another (e.g., Stevens et al., 2005, Jaeggi et al., 2013).  

Bonobos shared food but not tools even though they had passed a self-

regard pretest and a tool fetching pretest, ensuring that they were motivated to 

crack nuts and understood the need for both the tool and the nut to solve the 

task. Interestingly, although there was no cost to transferring the rock in the 

experimental condition since subjects always had a second (nontransferable) 

rock, just as in Experiment 1 subjects did not exhibit transfers of this kind. 

Instead, subjects chose to actively share their food, directly incurring a cost in the 

amount of food that they could ultimately ingest. 
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Why might bonobos exhibit strong enough motivations to actively share 

food? It is unlikely that subjects were sharing under pressure since they had 

complete control over the items in their rooms and were physically separated 

from their partner, preventing harassment. Although chimpanzees sometimes 

share food in response to harassment, unlike bonobos, they do not share when 

physically separated from their partner (Gilby, 2006, Stevens, 2004). Bonobos are 

more socially tolerant in dyadic food contexts than chimpanzees, maintaining 

juvenile levels of social tolerance into adulthood (Hare et al., 2007, Wobber et al., 

2010c). They also exhibit lower levels of social inhibition than chimpanzees, 

suggesting more relaxed dominance relations and a low-pressure environment 

for sharing.  

One possibility is that sharing may have resulted from an unselfish 

motivation. Indeed in the past bonobos have unselfishly helped others to access 

food that was never accessible to the helper (Tan and Hare, 2013), but not when 

the food was of high value and already in their possession (Bullinger et al., 2013). 

It could be that the nuts were of low enough immediate value—since they 

required great effort to crack with one’s teeth or a rock to crack with ease—that 

bonobos unselfishly shared them. Alternatively, it’s possible that sharing was 

strategic and selfishly motivated. Bonobos will allow another individual to enter 
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their room and share their food if the two bonobos can interact socially (Hare 

and Kwetuenda, 2010, Tan and Hare, 2013). This and other previous work (e.g., 

Yamamoto, 2015, Wittig et al., 2014a), coupled with our finding that bonobos 

shared food up the hierarchy, raise the possibility that food is an important 

currency in building and maintaining social relationships. Finally, it’s possible 

that bonobos were attempting to initiate a reciprocal exchange. Consistent with 

this hypothesis, bonobos’ failed investments (i.e., unreciprocated transfers) were 

more often initiated by the nut-owner who had a greater quantity of resources 

and would not lose all bargaining power with a single transfer, unlike the rock-

owner who had a single transferable resource. Future work will be necessary to 

disentangle these hypotheses. Whether bonobos’ motivations were selfish or 

unselfish, it may be that relaxed feeding competition and resultant high social 

tolerance in feeding contexts has alleviated constraints on food sharing that 

persist in non-food contexts (Wrangham, 1993, Hare et al., 2007, Yamamoto, 

2015).  

 

2.3 General Discussion 

A range of experimental paradigms have documented chimpanzees’ 

propensity to actively share tools and other objects in their possession—but not 
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food (Stevens, 2004, Warneken et al., 2007, Warneken and Tomasello, 2006, 

Yamamoto et al., 2009, Yamamoto et al., 2012). In contrast to these findings, we 

present evidence from two studies that bonobos actively share food in their 

possession, but not non-food items. In Experiment 1, bonobos did not help a 

human experimenter by picking up an out-of-reach object and transferring it to 

the experimenter—a context in which both chimpanzees and 18-month-old 

human infants readily help (Warneken and Tomasello, 2006, Warneken et al., 

2007). In Experiment 2, bonobos again did not transfer a surplus tool that was 

needed by a conspecific partner—again in a context very similar to one in which 

chimpanzees help (Yamamoto et al., 2009, Yamamoto et al., 2012). They did, 

however, frequently transfer food to their partner—both passively through 

tolerated theft and actively, directly transferring the food by hand to the 

recipient or into her room. Together, these findings suggest that bonobos and 

chimpanzees differ in their prosocial motivations. Whereas chimpanzees are 

active donors of non-food, but not food, items, bonobos exhibit the opposite 

pattern of active sharing (Table 3). 



 

69 

Table 3: Distribution of active sharing behavior involving food and non-food 

items across bonobos, chimpanzees, and humans 

  Humans Bonobos Chimpanzees 

Food YES YES NO 

Non-Food YES NO YES 

Human food: (Gurven and Jaeggi, 2015); Human non-food: (Warneken and Tomasello, 2006, Warneken et 

al., 2007); Bonobo food: Experiment 1; Bonobo non-food: Experiments 1 and 2; Chimpanzee food: 

(Stevens, 2004, Melis et al., 2006b); Chimpanzee non-food: (Warneken and Tomasello, 2006, Warneken et 

al., 2007, Yamamoto et al., 2009, Yamamoto et al., 2012, Melis and Tomasello, 2013) 

Our findings largely align with, and expand on, previous experiments 

with chimpanzees and bonobos in food contexts. Chimpanzees have consistently 

been shown to be reluctant food donors, actively sharing infrequently and almost 

exclusively in response to solicitation or harassment (Stevens, 2004, Gilby, 2006, 

Jaeggi et al., 2010b, Silk et al., 2013, Byrnit et al., 2015). Bonobos, on the other 

hand, have often shown high social tolerance for co-feeding (e.g., Hare et al., 

2007, Wobber et al., 2010b, Wobber et al., 2010c, but see Cronin et al., 2015). 

Moreover, they cooperated effectively to acquire food (Hare et al., 2007), and 

even preferred to let a stranger bonobo enter their room and share their food 

(Hare and Kwetuenda, 2010, Tan and Hare, 2013). However, outside of dyadic 

interactions, bonobos, like chimpanzees, may be reluctant to actively share 

highly monopolizable food (Byrnit et al., 2015, Jaeggi et al., 2010b). Differences in 
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food sharing may have evolved in response to more relaxed feeding competition 

during bonobo evolution. Reduced competition permitted the evolution of 

greater social tolerance and elevated prosocial motivations in feeding contexts 

(Wrangham, 1993, Hare et al., 2007, Hare et al., 2012). 

The current experiments also provide the first test of sharing of objects in 

possession by bonobos. Both experiments suggest that bonobos do not actively 

share non-food items, even in contexts in which chimpanzees do (Melis and 

Tomasello, 2013, Warneken et al., 2007, Warneken and Tomasello, 2006, 

Yamamoto et al., 2009, Yamamoto et al., 2012). This species difference in object 

sharing may be related to the lack of extractive foraging in wild bonobos. 

Although bonobos readily use tools in captivity and in the wild (e.g., Hohmann 

and Fruth, 2003, Mulcahy and Call, 2006), they have not been observed to use 

tools to obtain or process food in the wild (Hohmann and Fruth, 2003, Furuichi et 

al., 2015). Wild chimpanzees also manipulate objects more than bonobos, and 

may have evolved a higher level of motivation for object manipulation to 

promote the acquisition of extractive foraging not seen in bonobos (Furuichi et 

al., 2015, Koops et al., 2015a, Koops et al., 2015b). The lack of instrumental 

helping by the bonobos in the current study may be a by-product of their 

reduced interest in objects overall (Herrmann et al., 2011).  
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Bonobos’ active food-sharing did not occur in response to partners’ 

gestures. Sharing was thus proactive (i.e., unsolicited), as opposed to reactive (i.e., 

in response to request) (Burkart et al., 2014, Jaeggi et al., 2010b, Warneken et al., 

2007).  Proactivity, by definition, does not depend on overt signals from a 

recipient, and is therefore likely a characteristic of more flexible prosociality 

(Warneken, 2013). Although proactive prosociality emerges early in human 

development (Warneken, 2013), chimpanzee prosociality appears to be almost 

completely reactive (Warneken et al., 2007, Yamamoto et al., 2009, Melis et al., 

2011, Yamamoto et al., 2012, but see Horner et al., 2011). Consequently, 

Warneken (2013) has suggested that proactive prosociality may be unique to 

humans. Bonobos may falsify this claim. Regardless of whether bonobos were 

facilitating a recipient’s access to out-of-reach food (Hare and Kwetuenda, 2010, 

Tan and Hare, 2013, Tan et al., submitted) or transferring food in their possession 

(the current study), their prosocial behaviors were reliably proactive. The 

existence of both active and proactive food sharing in bonobos also directly 

challenges the strong prosocial hypothesis since bonobos exhibit such strong 

prosocial motivations for food sharing. Future work should probe the limits of 

this prosocial motivation by manipulating both the value of the currency and the 

subtlety of the cues that communicate the recipient’s needs (Warneken, 2013).  



 

72 

Bonobos exhibit a different context-specific prosociality profile than 

chimpanzees. However, between the two species, our closest relatives exhibit 

much of the breadth of sharing behavior that is seen in humans. This includes 

both passive and active transfer of food and non-food items, as well as both 

reactive and proactive sharing. Both species of apes clearly understand others’ 

goals (e.g., Yamamoto et al., 2012, Kano and Call, 2014b) and bonobos may 

exhibit strong prosocial motivations in food sharing contexts. Taken together, 

these data lend support to the versatile prosociality hypothesis: only humans 

appear to exhibit this entire suite of prosocial traits, and it may be the extreme 

flexibility with which we employ this diversity of prosocial behaviors across 

contexts that sets humans apart from our closest relatives. 
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3 Bonobos prefer individuals that hinder third-parties over 

those that help 

3.1 Main Text 

Humans’ moral and cooperative tendencies are among the traits that most 

clearly define our species (Tomasello and Vaish, 2013). Humans closely monitor 

the cooperative relationships between individuals within their group (Wedekind 

and Milinski, 2000).  Both adults and children willingly incur costs to reward 

those who are helpful or punish those who are not—even when they are only 

bystanders (Burnham and Johnson, 2005, McAuliffe et al., 2015, Tasimi and 

Wynn, 2016). This prosocial preference in third-party interactions has been 

suggested to be a derived feature of human psychology that explains the unique 

scope and strength of human cooperation (Bowles and Gintis, 2004, Fehr and 

Fischbacher, 2003).  Research with infants has shown that they are intrinsically 

motivated to see others’ helped and that by three months of age already exhibit a 

preference for individuals that demonstrate prosocial dispositions during third-

party interactions (Hamlin et al., 2007, Hamlin and Wynn, 2011, Hamlin et al., 

2010a, Hepach et al., 2012).  For instance, when infants were shown displays in 

which one agent (the Climber) attempted but failed to climb a hill and was either 

pushed up the hill by one agent (the Helper) or down the hill by another (the 



 

74 

Hinderer), infants consistently reached for, or looked longer at, the Helper 

(Hamlin et al., 2007, Hamlin et al., 2010a).  Such an early bias for cooperators  

could be one of the core motivational differences explaining why humans exhibit 

more sophisticated cooperation among groupmates than other apes. 

Some evidence challenges this idea since humans’ closest living relatives, 

bonobos (Pan paniscus) and chimpanzees (Pan troglodytes), share some of our 

prosocial preferences. Both species exhibit active, and often reciprocal, 

preferences for grooming and coalition partners (Watts, 2002, Surbeck et al., 2011, 

Wrangham, 1993). In captive experiments, chimpanzees can recruit help, prefer 

the most effective partner, and understand different roles in novel cooperative 

tasks (Melis et al., 2006b, Melis and Tomasello, 2013). Finally, chimpanzees and 

orangutans spontaneously requested food from a human they had observed 

sharing food with a third-party over one who had refused to share (Herrmann et 

al., 2013, Russell et al., 2008, Subiaul et al., 2008). 

Critically, existing findings are consistent with both the prosocial 

preference hypothesis and the social tool hypothesis. This latter hypothesis 

suggests that nonhuman apes are not sensitive to the unobservable prosocial or 

antisocial dispositions of each actor but instead are evaluating individuals’ 

usefulness based on observable context-specific actions (Melis et al., 2006b, 
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Herrmann et al., 2013, Russell et al., 2008, Subiaul et al., 2008). For example, they 

may recognize that a human who has shared food previously is more likely to 

share food again than another human who never shared food. However, they 

may not attribute a prosocial disposition to the food-sharer and therefore may 

not favor the food-sharer, or expect her to exhibit different types of prosociality, 

in other contexts. Such a finding would support the social tool hypothesis and 

suggest that true prosocial preference based on evaluation of actors’ dispositions 

is unique to humans. 

 To test the prosocial preference and social tool hypotheses, we showed 

bonobos displays in which one actor behaved prosocially and another 

antisocially toward a third-party in one context. Then we allowed bonobos to 

choose between the actors in a completed unrelated context. Although bonobos 

and chimpanzees are equally closely related to humans genetically, they exhibit 

pronounced behavioral and cognitive differences (Hare et al., 2012).  For 

instance, bonobos are more gregarious and socially tolerant than chimpanzees, 

and as a result can more flexibly obtain food through cooperation (Hare et al., 

2007, Wobber et al., 2010a).  Bonobos voluntarily share food with strangers even 

when they do not directly benefit (Tan and Hare, 2013). Relative to chimpanzees, 

their neural architecture even exhibits a suite of characteristics that are associated 



 

76 

with greater sensitivity to others (Rilling et al., 2012, Stimpson et al., 2015). 

Bonobo sociality is hypothesized to have evolved due to selection against male 

aggression (Hare et al., 2012).  For example, to thwart males’ attempts at 

coercion, female bonobos form alliances (Wrangham, 1993).  Meanwhile, males 

obtain status and mating opportunities by behaving prosocially toward 

females—especially their mothers (Surbeck et al., 2011).  Bonobos may exhibit 

this distinct pattern of sociality because they share though common descent with 

humans a preference for those who are prosocial toward others, rather than a 

more egocentric or utilitarian preference for the best social tools.  We therefore 

investigated bonobos’ preference for helpers versus hinderers in four 

experiments using methods highly similar to those employed with human 

infants (Hamlin et al., 2007, Hamlin et al., 2010a).  

 

3.1.1 Experiment 1 

Twenty-four bonobos participated in Experiment 1 (12 females, Mage=10.42 

years, range=4-19 years), completing both a test and control condition on 

separate days with condition order counterbalanced across subjects. In each 

condition, the experimenter sat at a table just outside the subject’s enclosure and 

showed the subject two different animated videos on an iPad. The videos, 
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modeled closely after the stimuli used by Hamlin et al. (2007), depicted a pair of 

2-dimensional shapes interacting.  As cues to their agency, each shape had two 

eyes with white sclera and dark pupils, and exhibited goal-directed movements. 

In the test condition, each video began with a circle, the Climber, entering the 

scene and attempting but failing three times to climb a steep hill. On the third 

attempt, the Climber encountered another agent. In the helper animation (Figure 

4A), a second shape (e.g., a blue triangle) entered from below and pushed the 

climber up to the top of the hill before returning down the hill and exiting the 

screen. In the hinderer animation (Figure 4B), a different shape (e.g., a red square) 

entered from above and pushed the climber back down the hill before returning 

to the top of the hill and exiting the screen. Videos were of equal length and the 

Helper and Hinderer each spent approximately the same amount of time and 

screen and in contact with the Climber. 

The Control condition controlled for the influence of the nonsocial 

features of our animations. In the animations for this condition, agents pushed an 

eye-less, inanimate circle up or down the hill (see Figure 5). Unlike the Climber, 

the inanimate circle never exhibited independent movement or goal-directed 

action. 
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Figure 4: Animations used in the test condition of Chapter 3 Experiment 1: in 

both the Helper (A) and Hinderer (B) animations, the climber (yellow circle) tries but 

fails to scale the hill (A1 and B1) three times before encountering another agent. In the 

helper animation, the Helper (blue triangle) enters from below (A2), pushes the 

climber up the hill (A3), and exits the screen (A4). In the hinderer animation, the 

Hinderer (red square) enters from above (B2), pushes the climber down the hill (B3), 

and exits the screen (B4). 
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Figure 5. Animations used in the control condition of Chapter 3 Experiment 1. 

The Upward animation begins with a static ball at the base of the hill (A1). The 

Upward agent enters from below (A2), pushes the ball up the hill (A3), and exits the 

screen (A4). Conversely, the Downward animation begins with a static ball at the top 

of the hill (B1). The Downward agent enters from above (B2), pushes the ball down 

the hill (B3), and exits the screen (B4). 

Subjects were first familiarized to the animations as they alternated in a 

loop for a total of four presentations of each animation, with order 
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counterbalanced across subjects.  Four test trials were conducted immediately 

following familiarization.  In each test trial, subjects again watched each video 

once—again in counterbalanced order within and between subjects.  The 

experimenter (E) then put down the iPad, and simultaneously set two identical 

pieces of apple on the left and right sides of the testing table just out of the 

subject’s reach. E then held paper replicas (5cm x 5cm) of the Helper (e.g., blue 

triangle) and Hinderer (e.g., red square) upright in front of the pieces of apple for 

2 seconds before placing each on top of one of the apple pieces, with locations 

counterbalanced.  E then slid the table top within reach, allowing the subject to 

touch one of the two paper replicas.  The subject received whichever paper 

replica and apple piece she gestured toward first (i.e., by extending a finger 

through the mesh).  To avoid biasing the subject’s choice, all actions involved in 

presenting the choices occurred simultaneously, the locations of the Helper and 

Hinderer replicas (and Upward and Downward controls) were counterbalanced 

across trials, and the experimenter looked directly at the ape while pushing the 

table forward and waiting for the ape to make a choice (Krupenye et al., 2015). In 

this and all other experiments, subjects’ choices were live-scored by the 

experimenter, and video was coded for reliability by a coder blind to condition 
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and hypotheses.  Reliability in all experiments was excellent (see 3.2 

Supplemental Methods and Results for details),  

Based on previous work with infants and nonhuman apes, we interpret 

reaching behavior as a measure of preferences (e.g., Hamlin et al., 2007, 

Krupenye et al., 2015).  Subjects received the same quality and quantity of food 

reward regardless of their choice.  The agents in the video never interact with 

food. Therefore, any preference observed here cannot be based on subject’s 

evaluating the agents’ as a social tool. Unless otherwise noted all analyses for all 

experiments represent one sample Wilcoxon signed rank tests of the proportion 

of trials in which subjects chose the Hinderer (or its control).  

Bonobos exhibited a significant preference for selecting the Hinderer 

[N=24, M=0.625±SE=0.044, p=0.011; see Figure 5A]. Only two individuals chose 

the Helper on a majority of trials while 11 favored the Hinderer. These results 

indicate that bonobos can discriminate between prosocial and antisocial agents 

but do not show the human preference for prosocial agents. Separate analysis of 

adult and subadult subjects revealed that only adults showed a significant 

preference (Figure 5A; see 3.2.2.2.2 Developmental Analyses for details). Thus, 

whereas humans discriminate helpers from hinderers very early in infancy, 
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bonobos may not do so, or at least may not exhibit strong social preferences 

based on third-party interactions, until adulthood.  
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Figure 6: A. Mean proportion of choices for the Hinderer and Control in 

Chapter 3 Experiment 1, overall and for adults and sub-adults. B. Mean proportion of 

choices for the Hinderer in Chapter 3 Experiment 2, overall and for adults and 

subadults. C. Shift in proportion of choices for the Hinderer between baseline and 

test in Chapter 3 Experiment 3. D. Mean proportion of choices for the Dominant and 

Control in Chapter 3 Experiment 4. Asterisks indicated significant effects (p < 0.05). 

Error bars depict standard error. 
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If bonobos were responding to perceptual rather than social features of the 

animations, they should prefer the Downward agent whose movements 

mirrored those of the Hinderer. However, subjects showed no preference for 

either agent in the control condition [N=24, M=0.438±0.035 choice of Downward 

agent, p=0.084; see Figure 6A]. A direct comparison of the two conditions also 

revealed a significant difference in choice patterns [related samples Wilcoxon 

signed rank test, z=-2.884, N=24, T+=13, ties=9, p=0.004], with subjects selecting 

the Hinderer significantly more than the Downward control. Thus, perceptual 

features alone do not appear to explain our subjects’ preference for the Hinderer.  

 

3.1.2 Experiment 2 

In Experiment 2, we tested whether the preference observed in 

Experiment 1 would generalize to a different social context. Twenty-two bonobos 

(ages 4-17, 11 females) witnessed a pair of experimenters sitting on either side of 

a third neutral actor (E1) just outside the subject’s enclosure. E1 was playing with 

a plush toy, tossing it in the air, when he dropped the toy out of grasp and 

reached effortfully for it—vocalizing and gazing at it with arm outstretched. The 

Helper calmly picked up the toy, made eye contact with E1, and attempted to 

return the toy to E1. Before E1 could take the toy, the Hinderer snatched the toy 
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from the Helper, aggressively grunted, and turned his back to the other two, 

surreptitiously depositing the toy in a bucket between himself and E1. E1 then 

said, “ok,” and the three stood up with their backs to the subject. E1 gave the 

Helper and Hinderer a piece of apple, positioned the bonobo centrally with a 

piece of food, and then directed the experimenters to simultaneously approach 

the bonobo with the food in their outstretched hands. Subjects had one minute to 

beg for food from either experimenter with their hand or mouth, and were given 

the first food they approached. They participated in eight trials, each involving 

the same social demonstration and choice phase, with the experimenters’ 

locations counterbalanced across trials. The roles of the experimenters remained 

constant for a given bonobo, but were counterbalanced across subjects. 

Overall, subjects tended to select the Hinderer more frequently than the 

Helper (M=0.551±0.037 of trials), but not significantly above chance [N=22, 

p=0.158; Figure 6B]. Since in Experiment 1 only adults (i.e., 9 and above) 

exhibited a Hinderer preference, we again separated our sample into adults and 

subadults, replicating the age-dependent pattern. Adults, but not subadults, 

exhibited a significant preference for the Hinderer [adults: Naged9-17=14, 

M=0.607±0.049, p=0.047; subadults: Naged4-8=8, M=0.453±0.043, p=0.257; Figure 6B]. 
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3.1.3 Experiment 3 

To further confirm our results, Experiment 3 employed identical methods 

to Experiment 2 except that subjects participated in four baseline trials followed 

by four test trials (N=18, ages 10-18, 9 females) (see Schroepfer-Walker et al., 2015 

for similar design). Baseline trials only involved the choice phase of the 

procedure, whereas test trials involved the social demonstration and the choice 

phase. Additionally, after making their choice, subjects did not receive food from 

the experimenter. If subjects approached one experimenter during the majority 

of baseline trials, this experimenter was assigned the role of Helper. If subjects 

approached the experimenters equally during baseline trials, roles were assigned 

semi-randomly, with the aim of counterbalancing the role played by each 

experimenter across subjects (Schroepfer-Walker et al., 2015).  Experiment 3 

therefore tests whether bonobos will shift their preference from an initially 

preferred experimenter toward the Hinderer once he begins to behave 

antisocially. 

Bonobos exhibited a significant shift between the baseline and test phases 

in response to the social demonstrations [N=18, p=0.032; Figure 6C]. Specifically, 

10 of 18 individuals shifted from their baseline preference toward the Hinderer, 

and only 3 exhibited the opposite shift. Taken together, Experiments 1-3 provide 
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evidence that bonobos have a robust preference for individuals that are antisocial 

over those that are prosocial in third-party interactions. 

 

3.1.4 Experiment 4 

In Experiment 4, we tested whether subjects’ preferences might be 

explained by an attraction to individuals perceived as dominant. This experiment 

was identical to Experiment 1, except for the animations (N=24, ages 4-17, 10 

females). In the test condition subjects watched videos in which two animated 

agents competed for access to a central location in the scene, with the Dominant 

agent repeatedly displacing the Subordinate one. Subjects exhibited a significant 

preference for the Dominant agent [N=24, M=0.604±0.034 p=0.008; Figure 6D]. No 

subjects chose the Subordinate on a majority of trials while eight favored the 

Dominant. To ensure that this preference did not relate to perceptual features, in 

the control condition of Experiment 4 subjects witnessed the same videos (with 

new agents) except that the agents’ actions were separated in time such that they 

were no longer contingent. Here, bonobos showed no preference for either agent 

[N=24, M=0.531±0.023, p=0.180; Figure 6D]. One favored the Subordinate control 

and four the Dominant control. Within-subject comparisons revealed that 

subjects selected the Dominant agent significantly more than its control 
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counterpart [related samples Wilcoxon signed rank test, N=24, p=0.035; Figure 

6D].  

 

3.1.5 Discussion 

These results support the social tool hypothesis and suggest that the 

motivation to prefer prosocial individuals based on evaluation of their 

unobservable dispositions evolved uniquely in the human lineage. In three 

experiments, adult bonobos spontaneously chose a human or animated agent 

that hindered over one that helped. In contrast, by three months human infants 

already show the opposite preference in related paradigms (Hamlin and Wynn, 

2011, Hamlin et al., 2007, Hamlin et al., 2010a). Most strikingly, bonobos failed to 

show the human preference despite their human-like levels of tolerance and 

prosociality in dyadic interactions (Tan and Hare, 2013, Hare et al., 2007).  

Crucially, bonobos were sensitive to the actors’ goal-directed actions towards 

others, clearly discriminating between the Helpers and Hinderers.  Bonobos do 

therefore track interactions between third-parties and evaluate potential social 

partners based on these interactions; however, they appear to based their 

judgments on actors’ actions rather than their dispositions. 
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Our main effect is reproducible having replicated in three different 

experiments, involving multiple paradigms with both humans and animated 

agents as actors. Even in experiments utilizing animated agents, it is unlikely that 

bonobos’ preferences were driven by an attraction to different colors, shapes, or 

motion patterns. Agent color and shape were counterbalanced between subjects 

and, when key social features were removed, bonobos showed no preference for 

control agents that exhibited similar motor patterns. By using non-differential or 

zero rewarding and few trials subjects did not have an opportunity to form 

preferences based on food acquisition.  Moreover, our use of both novel 

animated agents and unfamiliar human experimenters allowed us to eliminate 

biases in social preference based on social information that is unrelated to the 

goals of our study (such as sex, age, reproductive status, and size of the agents). 

Critically, bonobos’ preferences were tested in a context that differed from the 

one in which the actors’ dispositions were demonstrated, ensuring that subjects 

would not simply prefer the prosocial individual based on their context-specific 

utility as a social tool. Bonobos’ choices within this design support the 

interpretation that they do not evaluate others based on unobservable 

dispositions. Presumably, bonobos did not expect the Hinderer to behave 

antisocially toward themselves, although they may have expected that the 
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Hinderer would continue to exhibit the observed types of antisocial behavior 

toward third-parties. 

 Bonobos may prefer Hinderers because they appear to be more dominant 

than Helpers. When intervening in third-party conflicts, primates often support 

the higher-ranking contestant or the one who is already winning (i.e., “winner-

support”), and they may gain reproductive benefits from doing so (Chapais, 

1995, Vervaecke et al., 2000). For example, high-ranking male primates, who 

often prevent others from mating, have been shown to be more tolerant of 

mating by their supporters (Duffy et al., 2007). In support of this interpretation, 

in Experiment 4, bonobos exhibited a preference for a dominant agent over a 

subordinate one. Regardless of what future research reveals about the 

motivations underlying social preference in human infants and bonobos, the 

current study demonstrates that in nearly identical settings the two species 

exhibit very different preferences.  Thus, while nonhuman apes possess the 

cognitive architecture to track third-party interactions and flexibly evaluate 

conspecifics as social tools (Herrmann et al., 2013, Melis et al., 2006b, Russell et 

al., 2008, Subiaul et al., 2008), there currently remains no evidence that they 

positively evaluate partners based on their prosocial dispositions toward others.  

Therefore, an early emerging preference for those that are prosocial toward 
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others may be among the species-specific traits at the foundation of humans’ 

uniquely cooperative nature. 

 

3.2 Supplemental Methods and Results 

3.2.1 General Methods 

3.2.1.1 Subjects 

Forty-three semi-free-ranging bonobos (aged 4-19; 21 females) were tested 

at Lola Ya Bonobo sanctuary in Kinshasa, Democratic Republic of Congo 

(www.friendofbonobos.org) during two field seasons (October-December, 2012: 

Study 1; May-June, 2015: Studies 2-4; see Table 4). Animal husbandry and care 

practices complied with the Pan-African Sanctuary Alliance (PASA) Primate 

Veterinary Healthcare Manual, as well as the policies of Lola ya Bonobo 

Sanctuary. These non-invasive behavioral studies were approved by Duke 

University IACUC and adhered to host country’s laws. Apes in African 

sanctuaries are typically born in the wild, and enter the sanctuary after being 

confiscated at an early age (~2-3 years old) as a result of the trade in wildlife for 

pets and bushmeat. Previous work indicates that sanctuary apes are 

psychologically healthy relative to other captive populations (Wobber and Hare, 

2011). All subjects were socially housed, and free-ranged in large tracts of 
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tropical forest during the day (5-40 hectares across groups). In the evening, all 

apes spent the night in indoor dormitories (12 m2-160 m2). Apes were tested 

individually in these familiar dormitory buildings. Following testing, all subjects 

were released back with their larger social groups outside. Subjects had ad 

libitum access to water and were not food-restricted during testing. In addition 

to the food the apes could eat in their forest enclosures, they were fed a variety of 

fruits, vegetables, and other species-appropriate foods two to four times daily. 

Apes were tested on only one session per day and all tests were voluntary. In 

Experiments 1 and 4, if a subject did not make a choice within five minutes, the 

session was aborted and the subject excluded from analyses. In Experiments 2 

and 3, if a subject did not make a choice within one minute, the trial was 

repeated. If the subject did not make a choice for more than three trials, the 

session was aborted and the subject was excluded from any analyses.  
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Table 4: Subject characteristics and participation in Chapter 3 Experiments 1-4. 

For sex, ‘M’ refers to males and ‘F’ to females. Age refers to age estimate in years. 

Asterisks denote subjects tested by Herrmann et al. (2013). 

Subject Sex Age Exp. 

Participation Exp. 1 Exp. 2-4 

Api* M 12 15 1 & 3 

Bandundu* F 15   1 

Bili* M 11 14 1 & 3 

Bisengo M 7   1 

Boma F   4 2 & 4 

Chibombo M   10 2-4 

Dilolo* M 11 14 1-4 

Eleke M   12 3 & 4 

Elikiya F   10 3 

Fizi* M 12   1 

Ilebo* M   14 2 & 4 

Kalina* F 14 17 1, 2, & 4 

Kananga F 5 8 1, 2, & 4 

Kasongo* M 10 13 1, 2, & 4 

Katako F 8 11 1-4 

Kikwit* M 15 17 1, 2, & 4 

Kinshasa F   10 2-4 

Kinzia F   4 2 

Kisantu F 14   1 

Kodoro M   8 2 

Kole M   9 4 

Likasi* F   14 2 

Lisala* F 11   1 

Lomako M   8 2 & 4 

Lomami* M 13 16 1-3 

Lukuru F   10 2-4 

Mabali* M   14 3 & 4 

Malaika F 5 8 1 & 2 

Masisi F 7 10 1, 3, & 4 

Matadi* M 11 14 1, 3, & 4 

Maya F 19   1 

Mbandaka* M   14 2 

Moyi M   8 2 & 4 

Muanda F   12 3 & 4 

Opala* F 7   1 

Oshwe M 4 7 1 & 4 

Pole M 6   1 

Sake F 7   1 

Salonga* F   18 3 

Sandoa F   10 2-4 

Singi M   6 2 & 4 

Waka F 7 10 1-4 

Yolo* M 9 12 1, 3, & 4 
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3.2.2 Experiment 1 

3.2.2.1 Materials and Methods 

3.2.2.1.1 Subjects 

Twenty-four bonobos (aged 4-19; 12 females) participated in Experiment 1 

(Table 5). All subjects completed each condition within one session on a single 

day. One additional subject, Chibombo (age 7, male), who was small enough to 

reach his entire arm through the bars, was excluded for repeatedly disrupting the 

experimenter’s attempts to present the choices and ultimately making it 

impossible for the experimenter to test him. 
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Table 5: Subject characteristics and average choices in the test and control 

conditions of Chapter 3 Experiment 1. Test and Control refer to proportion of choices 

for the Hinderer and the Downward agent respectively. 

Subject Sex Age Test Control 

Api M 12 0.75 0 

Bandundu F 15 0.5 0.5 

Bili M 11 0.75 0.5 

Bisengo M 7 0.5 0.5 

Dilolo M 11 0.5 0.5 

Fizi M 12 0.75 0.5 

Kalina F 14 1.0 0.5 

Kananga F 5 0.75 0.25 

Kasongo M 10 0.5 0.5 

Katako F 8 0.5 0.5 

Kikwit M 15 0.75 0.5 

Kisantu F 14 0.5 0.5 

Lisala F 11 0.75 0.5 

Lomami M 13 0.5 0.5 

Malaika F 5 0.5 0.25 

Masisi F 7 0.25 0.5 

Matadi M 11 0.75 0.5 

Maya F 19 1.0 0.25 

Opala F 17 1.0 0.5 

Oshwe M 4 0.5 0.75 

Pole M 6 0.5 0.5 

Sake F 7 0.75 0.5 

Waka F 7 0.25 0 

Yolo M 9 0.5 0.5 
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3.2.2.1.2 Procedure 

Subjects were tested alone in a testing room. The experimenter positioned 

himself at a small table just outside of the testing room, across the mesh from the 

subject. The experimenter presented video stimuli to the subjects via an iPad and 

then allowed subjects to make choices by protruding their fingers through the 

mesh toward options presented on the table. The options were paper cutouts of 

animated agents from the videos. Importantly, previous work has demonstrated 

that apes equate 2-D depictions in video with real life objects (Leighty et al., 

2008). 

To begin presentation of the animations, the experimenter attracted the 

subject’s attention by calling her name and began the video sequence, shifting 

the direction of the iPad to maximize viewing even if the subject moved or 

shifted her gaze. Additionally, subjects who moved to the back of the room (i.e., 

away from the iPad) or looked away from the iPad for more than several seconds 

were offered small pieces of food to regain their attention.  

After the experimenter finished showing the animations, he either moved 

the table so that the subject was sitting at the midline of the table or used a piece 

of food to attract the subject to that location. This process ensured that during the 

choice phase, subjects had equal access to both options. The experimenter then 
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simultaneously placed two pieces of apple on the middle of the table, held up 

5cm2 cutouts of the two agents, laid them on top of the pieces of apples, moved 

the agents (and now occluded apples) to opposite sides of the table, and pushed 

the table forward to allow the subject to make a choice. To make a choice, 

subjects gestured toward one of the agents (i.e., protruding her finger through 

the mesh to touch the agent). Once the subject had made a choice, she was 

provided the paper cutout and associated apple. The other agent and apple piece 

were removed from the table. If a subject double-pointed (i.e., used both hands to 

select both options at the same time) or did not make a choice within a minute, 

the experimenter pulled the table back, and waited a few seconds before 

presenting the choice again. If the subject did not make a choice within five 

minutes, the session was aborted. However, this criterion was never met (i.e., all 

subjects made choices within the permitted time frame). The order of event 

presentation and locations of agents during choice was counterbalanced within 

subjects.  
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3.2.2.1.3 Design 

All bonobos participated in both the test and control conditions, but at 

least two days elapsed between sessions. We counterbalanced condition order 

between subjects such that half began with the test condition and half the control.  

Animated events were made on Adobe Flash Professional CS6. To control 

for the effect of any potential individual preferences for shape or color, four pairs 

of agents were created: red square and blue triangle, blue square and red 

triangle, orange pentagon and aqua trapezoid, and aqua pentagon and orange 

trapezoid. Each subject witnessed different agent pairs in test and control 

conditions that did not share any physical characteristics with each other (e.g. if 

the test agents were red square and blue triangle, the control agents could be 

orange pentagon and aqua trapezoid or aqua pentagon and orange trapezoid, 

but not blue square and red triangle). Agent pairs were assigned to subjects at 

equal frequency and the role of each agent as the Helper, Hinderer, Upward 

agent, and Downward agent was counterbalanced across subjects. The pair of 

agents assigned to a subject remained constant throughout the session.  

To control for the fact that the Helper and Upward agent enter from the 

opposite side of the scene as the Hinderer and Downward agent, we created 

mirrored versions of all videos. For each subject, half of the presentations of each 
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video were the original version and half were the mirrored version. We 

counterbalanced the order of original versus mirrored presentations within and 

between subjects.  

Since during the familiarization phase, the video type (e.g., Helper video 

or Hinderer video) alternated four times (eg., Helper, Hinderer, Helper, 

Hinderer, Helper, Hinderer, Helper, Hinderer), we counterbalanced between 

subjects which video was shown first. We also counterbalanced within and 

between subjects which video played first during test trials.   

 

3.2.2.1.4 Scoring and Analysis 

Choices were scored live by the experimenter. All tests were videotaped, 

and a second coder blind to conditions and hypotheses scored 100% of sessions 

with excellent reliability [99.0% agreement, Cohen’s kappa = 0.979]. Specifically, 

to ensure that the coder was blind, we renamed all videos with a number and 

told the coder to review the videos with the sound turned off. Since the vantage 

point of the video did not allow the coder to see the media displayed to the 

bonobo on the iPad, there was no way that he could have inferred the condition 

or the roles of the agents. 
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Although our sample size is large for animal cognition studies, it is not 

large enough to warrant parametric statistics. Therefore, we used non-parametric 

statistics. We analyzed subjects’ choices in each condition using one-sample 

Wilcoxon signed rank tests and compared their choices between conditions using 

related samples Wilcoxon signed rank tests. Since our hypotheses offered 

opposite directional predictions, all analyses were two-tailed. We analyzed first-

trial choices using Binomial tests, and used related samples Wilcoxon signed 

rank tests to compare subjects’ performance on the first half versus the second 

half of a session.  

 

3.2.2.2 Results 

3.2.2.2.1 Coding and Analyses of Unintentional Cueing 

To ensure that subjects’ choices were not influenced by unintentional 

cuing in the experimenter’s presentation of the choices in the test phase, two 

additional coders blind to condition and the role of each agent (see process for 

ensuring blindness in Scoring and Analysis section) reviewed the videos to 

determine if during the presentation of choices in either experiment the 

experimenter had placed either choice closer to the edge of the table, or stopped 

moving one choice earlier than the other. VirtualDub was used to allow coders to 
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view the experimental videos frame by frame (30 frames/second). For each trial, 

coders skipped to a time when both options had been presented but before the 

subject had made a choice.  To test whether E subconsciously placed the agents 

in a manner that might encourage the choice of one agent over the other simply 

because it was slightly closer to the subject, coders recorded whether one agent 

was placed closer to the edge of the table than the other. Visibility in videos 

permitted this “moved closer” coding in 190 of 192 trials. To test whether E 

subconsciously placed the agents in a manner that might encourage the choice of 

one agent over the other simply because the movements of the two agents ended 

at slightly different times, coders watched frame by frame in reverse, recording 

the frame for the moment when each hand first moved the agent. Watched 

forward this is the hand’s final movement of the agent to its final choice location. 

One agent was considered to have stopped moving perceptibly earlier than the 

other if the difference between the left and right hands’ final movement times 

was greater than 6 frames (200 ms) since this is the minimum time differential 

nonhuman apes need to perceive events  (Inoue and Matsuzawa, 2007). Visibility 

in videos permitted this “moved later” coding in 182 of 192 trials. 

Reliability on these measures was substantial (Landis and Koch, 1977) 

[moved closer: 91.1% agreement, Cohen’s kappa = 0.767; moved later: 95.6% 
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agreement, Cohen’s kappa = 0.754]. To determine if these measures contributed 

to our results, we reanalyzed the data from Experiment 1, excluding the trials on 

which both coders agreed that one agent was moved closer (35 trials) or moved 

later (14 trials). In both cases, we replicated our findings in the test condition: 

subjects exhibited a significant preference for the Hinderer [one sample Wilcoxon 

signed rank tests: moved closer trials excluded: N = 23, p = 0.013; moved later 

trials excluded: N = 24, p = 0.015]. Reanalysis of the control condition revealed 

that with moved closer trials excluded subjects had a preference for the Upward 

bound agent [N = 24, p = 0.043], the agent whose motor patterns mirrored the 

Helper not the Hinderer, and with moved later trials excluded subjects had no 

preference for either agent [N = 24, p = 0.114]. We also replicated our finding that 

subjects’ choices in the test condition were significantly different from their 

patterns of choice in the control [related samples Wilcoxon signed rank tests: 

moved closer trials excluded: z = -2.833, N = 23, T+ = 3, ties = 4, p = 0.005; moved 

later trials excluded: z = -2.913, N = 24, T+ = 3, ties = 8, p = 0.004]. These results 

suggest that subjects’ selection of the Hinderer in the test condition cannot be 

accounted for by a preference for the agent’s motor pattern, and that 

presentation of one agent closer or later than the other is unlikely to have 

influenced our findings.  
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3.2.2.2.2 Developmental Analyses 

To test whether humans are precocious relative to our closest relatives in 

the development of third-party social evaluation, we examined the relationship 

between age and social preference in bonobos. We split our subjects into adults 

and subadults, using a relatively conservative measure of maturity. Although in 

the wild bonobo females disperse from their natal group by ten years of age, 

individuals at Lola ya Bonobo sanctuary begin to reach sexual maturity at the 

very earliest at age 8 (Tan and Hare, 2013, Furuichi, 2011). Therefore, we grouped 

individuals 9 and above into our adult cohort (N = 15; aged 9-19; 6 females) and 

those 8 and below into our subadult cohort (N = 9; aged 4-8; 6 females). Like the 

population overall, adults exhibited a robust preference for the Hinderer [one-

sample Wilcoxon signed rank test, N = 15, p = 0.006] but no preference in the 

control condition [N = 15, p = 0.180], and chose the Hinderer significantly more 

frequently than the Downward agent [related samples Wilcoxon signed rank 

test, z = -2.719, N = 15, T+ = 9, ties = 6, p = 0.007]. Subadults, however, showed no 

preference in the test [N = 9, p = 1.000] or control [N = 9, p = 0.257], and no 

difference in choice patterns between conditions [z = -1.000, N = 9, T+ = 4, ties = 3, 

p = 0.317]. Further, there was a significant difference in choice patterns between 
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the older and younger cohorts in the test [Mann-Whitney U test: U = 33.000, z = -

2.211, Nage 4-8 = 9, Nage 9-19 = 15, p = 0.027] but not in the control [Mann-Whitney U 

test: U = 61.000, z = -0.510, Nage 4-8 = 9, Nage 9-19 = 15, p = 0.610]. These results suggest 

that social preference may not emerge in bonobos until maturity, and that there 

may have been a shift in the ontogeny of this trait since humans and bonobos 

diverged. Studies with chimpanzees are necessary to more confidently infer 

whether bonobos are developmentally delayed, or humans precocious, relative 

to the ancestral condition.  

 

3.2.2.2.3 Within-Session Analyses 

To assess how quickly bonobos formed their preferences we examined 

their choices on the first trial. Subjects did not show a first trial preference for 

either agent in the test [Binomial test, N = 24, p = 1.000] or control [Binomial Test, 

N = 24, p = 0.064], and showed no difference between conditions [Wilcoxon 

signed rank test, z = -1.508, N = 24, T+ = 8, ties = 13, p = 0.132). For each condition, 

we then compared subjects’ preferences in the first half of the session with that of 

the second half. There were no differences in choice patterns between the first 

and second half of the test [Wilcoxon signed rank test, z = -0.443, N = 24, T+ = 6, 

ties = 11, p = 0.658] or control conditions [Wilcoxon signed rank test, z = -0.707, N 
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= 24, T+ = 2, ties = 19, p = 0.480], indicating that subjects’ choices (i.e., preference 

for the Hinderer and no preference among Upward/Downward agents) were 

consistent throughout each session.  

 

3.2.3 Experiment 2 

3.2.3.1 Materials and Methods 

3.2.3.1.1 Subjects 

Twenty-two bonobos participated in this experiment (ages 4-17, 11 

females; see Table 6). An additional subject (Mabali) was tested but excluded due 

to experimenter error. We also attempted to test two other subjects (Api and 

Tshilomba) who were dropped for refusing to participate (see exclusion criteria 

in General Methods: Subjects).  
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Table 6: Subject characteristics and proportion of trials in which each subject 

selected the Hinderer in Chapter 3 Experiment 2. 

Subject Sex Age Hinderer Choice 

Boma F 4 0.625 

Chibombo M 10 0.875 

Dilolo M 14 0.25 

Ilebo M 14 0.5 

Kalina F 17 0.75 

Kananga F 8 0.375 

Kasongo M 13 0.5 

Katako F 11 0.5 

Kikwit M 17 0.625 

Kinshasa F 10 0.75 

Kinzia F 4 0.375 

Kodoro M 8 0.5 

Likasi F 14 0.5 

Lomako M 8 0.5 

Lomami M 16 0.75 

Lukuru F 10 0.75 

Malaika F 8 0.25 

Mbandaka M 14 0.625 

Moyi M 8 0.5 

Sandoa F 10 0.75 

Singhi M 6 0.5 

Waka F 10 0.375 

 

 

3.2.3.1.2 Procedure 

Subjects participated in a series of eight trials in a single session. Each trial 

consisted of a social demonstration followed by a choice between two 

experimenters. Social demonstrations involved three human experimenters: E1, 

the Helper, and the Hinderer. E1 was always played by CK. The Helper and 
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Hinderer were played by two Congolese men of similar age who were familiar 

with the sanctuary but had never interacted with the bonobos. Their roles were 

counterbalanced across subjects. Before the first trial, subjects watched the social 

demonstration two times (i.e., three times before the first choice) to ensure that 

by their first choice they were familiarized to the behavior of each experimenter. 

If before the start of a social demonstration the subject was distracted or in the 

back of the testing room E1 gave the subject a piece of food to attract her over to 

witness the social demonstration. The social demonstration began promptly after 

her approach.  

During each social demonstration, E1 sat on the floor between the Helper 

and the Hinderer (unfamiliar human actors). All three faced the subject just 

outside of the subject’s testing room. E1 held a stuffed cookie-monster toy, which 

he threw in the air and caught several times while mimicking bonobo laughter. 

On the third throw, E1 dropped the toy and it landed in front of him, out of 

reach. He said, “oh!” and reached effortfully for it. At this time, the Helper 

calmly picked up the toy, made eye contact with E1, and attempted to hand the 

toy to E1. Just before E1 was able to take the toy, the Hinderer quickly snatched it 

from E1, made an aggressive vocalization, turned his back to the other actors, 

and surreptitiously deposited the toy in a bucket between himself and E1.  
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In test trials, the choice phase immediately followed the social 

demonstration. All three experimenters stood up and turned their backs to the 

bonobo. At the same time, E1 handed the Helper and the Hinderer a piece of 

apple. E1 then turned around, made sure that the Helper and Hinderer were 

roughly 1m apart, and used a piece of apple to attract the bonobo a position in 

between them. When the bonobo was centered, E1 said, “ok.” At this time, the 

Helper and Hinderer turned around to face the subject, and approach the 

bonobo’s enclosure at the same time, with apple in hand. When the 

experimenters arrived, E1 started a stopwatch and the bonobo had one minute to 

choose between the experimenters. A choice was made if the subject approached 

one experimenter and gestured toward the food with her hand or mouth (i.e., put 

her hand or mouth up to the mesh where the experimenter held the food). She 

was then given the piece of apple by the experimenter she chose. All 

experimenters then turned around and the unchosen experimenter’s food was 

placed in the bucket. The experimenters sat in the appropriate location for the 

next trial’s social demonstration, which began immediately. 
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3.2.3.1.3 Design 

We counterbalanced the locations of the Helper and Hinderer across trials 

(i.e., which experimenter was positioned to the left and which to the right of E1). 

Half of the subjects experienced ABBABAAB order while the other half 

experienced BAABABBA order. Experimenters remained in the same location for 

the social demonstration and choice phase of a given trial. During the two 

familiarization social demonstrations that preceded the first trial, experimenters 

occupied the positions assigned to them for the first trial. 

 

3.2.3.1.4 Scoring and Analysis 

E1 live-scored the subject’s choices. A second coder, blind to hypotheses 

and experimenters’ roles, reviewed video footage of 23% of trials and coded 

subjects’ choices for reliability, achieving perfect agreement (100% agreement, 

Cohen’s kappa = 1.0). Coders recorded which experimenter (Left or Right) the 

subject selected first. As with live-scoring, a choice was made if the subject 

approached one experimenter and gestured toward the food with her hand or 

mouth (i.e., put her hand or mouth up to the mesh where the experimenter held 

the food).  

We calculated the proportion of choices of the Hinderer for each subject 

and performed a one-sample Wilcoxon signed-rank test to determine whether 
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subjects exhibited a significant bias for choosing the hinderer. To remain 

conservative, analyses were again two-tailed. 

 

3.2.4 Experiment 3 

3.2.4.1. Materials and Methods 

3.2.4.1.1 Subjects 

Eighteen subjects participated in this experiment (ages 10-18, 9 females; 

Table 7). Because of our finding in Experiment 2 that only adults exhibited the 

Hinderer preference, we restricted our sample to individuals 9 and older. We 

attempted to test an additional eight subjects who were dropped for refusing to 

participate (Bandundu, Boende, Isiro, Kalina, Lisala, Maya, Mbandaka, and 

Tshilomba; see exclusion criteria in General Methods: Subjects). 
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Table 7: Subject characteristics and choices in Chapter 3 Experiment 3. 

Baseline and Test reflect proportion of choices for the experimenter who played the 

Hinderer in the test. Shift is the difference score between these values—the shift in 

favor of the Hinderer. 

Subject Sex Age Baseline Test Shift 

Api M 15 0 0.5 0.5 

Bili M 14 0.25 0.25 0 

Chibombo M 10 0.25 0.25 0 

Dilolo M 14 0.5 0.5 0 

Eleke M 12 0 0.25 0.25 

Elikiya F 10 0.25 0 -0.25 

Katako F 11 0.5 0.25 -0.25 

Kinshasa F 10 0.5 1.0 0.5 

Lomami M 16 0.25 0.25 0 

Lukuru F 10 0.5 0.25 -0.25 

Mabali M 14 0.5 0.75 0.25 

Masisi F 10 0.5 0.75 0.25 

Matadi M 14 0 0.25 0.25 

Muanda F 12 0 0.25 0.25 

Salonga F 18 0.5 0.75 0.25 

Sandoa F 10 0.25 0.75 0.5 

Waka F 10 0.25 0.25 0 

Yolo M 12 0.25 0.5 0.25 

 

3.2.4.1.2 Procedure and Design 

The procedure and design of this study were similar to that of Study 2, 

except for three key differences. First, we altered the choice phase of the task.  

Although the Helper and Hinderer still held out a piece of apple to the bonobo, 

this food was not given to the subject after she made her choice. That is, the 

Helper and Hinderer never provisioned the subject; the subject only received 

food from E1, the neutral actor. Second, test trials were preceded by four baseline 
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trials to measure any pre-existing preferences for the experimenters. Baseline 

trials involved only the choice phase from Experiment 2. If the subject 

demonstrated a preference for one experimenter during baseline trials (i.e., 

choosing him three or four times), that experimenter was assigned to the role of 

the Helper. If the subject chose each experimenter twice, the experimenters were 

assigned to their roles pseudo-randomly, based on the criteria of 

counterbalancing each individual’s roles across subjects. Finally, subjects only 

participated in four instead of eight test trials. As in Experiment 2, subjects 

witnessed the social demonstration three times before the choice phase of the 

first test trial, but only once before the choice phase of each of the other test trials. 

The social demonstration was identical to that in Experiment 2. Locations of the 

experimenters were counterbalanced across trials, with the same order repeated 

in both baseline and test trials. Half of subjects experienced ABBA order and the 

other half BAAB order.  

 

3.2.4.1.3 Scoring and Analysis 

Again, E1 live coded subjects’ choices and a second blind coder reliability 

coded 22% of trials, using the same choice criteria as Experiment 2. Agreement 

was perfect (100% agreement, Cohen’s kappa = 1.0). We then calculated a 
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difference score by subtracting the proportion of choices of the hinderer in test 

trials from that in baseline trials. We performed a one-sample Wilcoxon signed-

rank test to determine whether this value differed significantly from zero, which 

would indicate a significant preference shift toward the Hinderer. 

 

2 

3.2.5 Experiment 4 

3.2.5.1 Materials and Methods 

3.2.5.1.1 Subjects 

Twenty-four subjects participated in this experiment (ages 4-17, 10 

females; Table 8). We attempted to test one additional subject (Kalina) who was 

dropped for refusing to participate (see exclusion criteria in General Methods: 

Subjects).  
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Table 8: Subject characteristics and choices in Study 4. Test and Control refer 

to proportion of choices for the Dominant agent and for the Dominant Control agent 

respectively. Choices that differ from 0.5 are bolded. 

Subject Sex Age Test Control 

Boma F 4 0.75 0.5 

Chibombo M 10 0.5 0.5 

Dilolo M 14 1.0 0.75 

Eleke M 12 0.5 0.5 

Ilebo M 14 0.5 0.75 

Kalina F 17 0.5 0.5 

Kananga F 8 0.75 0.5 

Kasongo M 13 0.5 0.5 

Katako F 11 0.5 0.5 

Kikwit M 17 0.75 0.25 

Kinshasa F 10 0.5 0.5 

Kole M 9 0.5 0.5 

Lomako M 8 0.5 0.5 

Lukuru F 10 0.75 0.5 

Mabali M 14 0.75 0.5 

Masisi F 10 1.0 0.75 

Matadi M 14 0.5 0.5 

Moyi M 8 0.5 0.5 

Muanda F 12 0.75 0.75 

Oshwe M 7 0.5 0.5 

Sandoa F 10 0.5 0.5 

Singi M 6 0.5 0.5 

Waka F 10 0.5 0.5 

Yolo M 12 0.5 0.5 

 

3.2.5.1.2 Procedure and Design 

The procedure and design of Experiment 4 were identical to that of 

Experiment 1, save for the use of different animations. In addition, in these 

studies both animated shapes were included within a single animation. The test 
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animation featured one Subordinate agent moving to a coveted location and 

being displaced several times by a second more Dominant agent. That is, each 

time that the Subordinate moved to the coveted location, the Dominant rushed 

in, pushed the Subordinate off of the spot, and returned to occupy the location 

briefly. Eventually the Dominant moved from the coveted location. Once the 

Dominant arrived at its rest location, the Subordinate then slowly inched back to 

the coveted location before being displaced again by the Dominant.  

To ensure that subjects’ choices did not reflect preferences for a motion 

pattern rather than for the social content of the video, the control animation 

involved identical movements as those in the test but the contingency between 

the agents’ actions was removed. That is, the first agent moved to and then away 

from the coveted location before the second agent moved to and away from that 

location. As in Experiment 1, the shapes and colors of the agents were 

counterbalanced such that for a given subject each role (i.e., Dominant, 

Subordinate, Control Dominant, Control Subordinate) was occupied by a 

different agent, but across subjects each agent was used equally for each role. 
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3.2.5.1.3 Scoring and Analysis 

E1 live scored subjects’ choices and a second coder, blind to condition, role 

of the agents, and hypotheses, coded 100% of trials, using the same criteria for 

marking a choice as Experiment 1. Agreement was perfect (100% agreement, 

Cohen’s kappa = 1.0). We calculated for each subject the proportion of choices of 

the Dominant agent in the test and the Dominant control in the control condition. 

We performed one-sample Wilcoxon signed-rank tests to determine whether 

subjects exhibited a significant bias for choosing that Dominant or Dominant 

control. We also compared subjects’ tendency to choose the Dominant in the test 

condition with their tendency to choose the Dominant control in the control 

condition using a related samples Wilcoxon signed rank test. All analyses were 

two-tailed. 
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4 Proximate benefits of third-party knowledge in wild 

chimpanzees 

 Humans are defined, in no small part, by their social intelligence. An 

acute awareness of their social environment—and of the minds and relationships 

that comprise it—enables humans to advance their own interests in the face of 

the conflicting interests of others. Understanding others’ perspectives facilitates 

the management of both cooperative and competitive relationships and one’s 

own reputation within the group. According to the dominant evolutionary 

explanation, the demands posed by this complex social environment are the very 

pressures that selected for the evolution of social intelligence. Specifically, the 

social intelligence hypothesis (Jolly, 1966, Humphrey, 1976, Byrne and Whiten, 

1988) proposes that, since social animals must compete with their own 

groupmates for access to reproductive opportunities, those individuals who can 

outwit their competitors will experience higher fitness, and selection will favor 

more advanced social cognition. 

In support of the social intelligence hypothesis, phylogenetic comparisons 

across primates have identified a robust positive relationship between coarse 

proxies for social complexity (e.g., group size) and various measures of brain size 

(Dunbar and Shultz, 2007). Further, some studies have shown that more “socially 
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complex” species exhibit greater social cognitive skill than closely-related but 

less social species (where social complexity is defined by group size or fission 

fusion social systems: e.g., Bond et al., 2003, Maclean et al., 2008, Sandel et al., 

2011, Maclean et al., 2013, Amici et al., 2008). However, very few studies have 

investigated either the proximate or ultimate benefits of social cognition in wild 

populations (Seyfarth and Cheney, 2015). 

Evidence that social cognition may be under selection in wild primate 

populations is limited to a few studies that have linked potentially cognitively 

complex social behavior, such as deception and coalitionary support, to mating 

or paternity success (Duffy et al., 2007, Schulke et al., 2010, Gilby et al., 2013a, le 

Roux et al., 2013). For example, individuals of many species—including 

chimpanzees (Pan troglodytes)—team up with one another in an attempt to 

overpower their rivals and improve their own social status—and many have 

argued that these strategic coalitionary alliances likely rely on a sophisticated 

knowledge of third-party relationships (de Waal, 1982, Muller and Mitani, 2005, 

Watts, 2009, Silk, 1999). According to this third-party relationships hypothesis, 

animals solicit coalition partners based on awareness of the available partners’ 

relationships with the solicitor’s opponent, e.g., recruiting individuals who 

outrank their opponent or avoiding the kin, bond, or coalition partners of their 
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opponent. The alternative (though not mutually exclusive) direct relationships 

hypothesis suggests that animals base their choices on their own relationships 

with the available recruits, preferring their own kin, bond, and coalition partners, 

and individuals who outrank themselves. Gilby et al. (2013a) demonstrated that, 

for male chimpanzees, coalitionary aggression is positively associated with 

attainment of high rank and reproductive success. This finding raises the 

possibility that third-party knowledge evolved in part due to its benefits during 

coalitionary aggression—if it is indeed involved in coalitionary decision-making. 

However, existing studies that have explored links to fitness have used only 

social behavior (e.g. the occurrence of coalitionary aggression) as a proxy for 

social cognition; none have used controlled measures of social cognition 

themselves. 

Moreover, although the studies that have directly demonstrated social 

cognition in the wild have often speculated about the proximate benefits of these 

cognitive abilities (e.g., Cheney and Seyfarth, 1990, Bergman et al., 2003, Perry et 

al., 2004, Cheney and Seyfarth, 2007, Crockford et al., 2007, Slocombe and 

Zuberbuhler, 2007, Wittig and Boesch, 2010, Crockford et al., 2012, Wittig et al., 

2014b), there exists little, if any, evidence of empirical links between cognitive 

traits and any proximate benefits in wild primates. For example, Slocombe and 
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Zuberbuhler (2007) examined recruitment calls of chimpanzees who were 

victims of aggression. Although chimpanzees modified their recruitment calls to 

exaggerate the severity of aggression when in the presence of a bystander who 

outranked their attacker (as compared to one who just outranked themselves), 

the authors did not find evidence that this apparent application of third-party 

knowledge had any impact on bystander intervention. Therefore, there exists 

little direct evidence for proximate mechanisms that may mediate a relationship 

between social intelligence and fitness in wild primates. 

 Chimpanzees experience a particularly dynamic social environment. They 

live in large communities of familiar individuals, sometimes numbering almost 

200 (Wilson et al., 2014). These communities are characterized by a fission-fusion 

grouping structure wherein individuals range in smaller foraging parties that 

may change in social composition many times per day (Goodall, 1986), and 

consequently—even more than in species that live in fixed groups—chimpanzees 

possess the agency to intentionally select their social partners (Foerster et al., 

2015). These characteristics may also make tracking third-party relationships 

particularly cognitively demanding for chimpanzees, since the number of dyadic 

relationships in the largest groups can exceed tens of thousands and at best they 
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only have incomplete social information (given that they spend varying amounts 

of time in ranging parties with each dyad).  

According to the social intelligence hypothesis, social cognition evolved in 

response to exactly the types of complex within-group competition (e.g., 

involving coalitions) that chimpanzees experience. Indeed, observational and 

experimental studies have demonstrated that chimpanzees possess cognitive 

abilities that could provide fitness benefits in this environment: they track third-

party relationships and understand others’ perspectives (e.g., Hare et al., 2000, 

Hare et al., 2001, Slocombe and Zuberbuhler, 2007, Call and Tomasello, 2008, 

Wittig and Boesch, 2010, Hare, 2011, Yamamoto et al., 2012, Herrmann et al., 

2013, Wittig et al., 2014b). For example, in several studies after viewing human 

actors sharing or refusing to share food with a third-party, chimpanzees 

preferred to beg for food from the individual who previously shared (Herrmann 

et al., 2013, Russell et al., 2008, Subiaul et al., 2008). In a field experiment, two 

hours after an aggressive interaction, chimpanzees heard playbacks of aggressive 

barks by a bystander who was or was not a close affiliate of their recent 

opponent. Chimpanzees looked longer and moved away more often in response 

to barks by the close affiliate. Regardless of the specific mechanism underlying 

social knowledge (Cheney and Seyfarth, 2007, Fagot and Cook, 2006, Flemming 
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et al., 2013), these studies show that chimpanzees inform their social decisions 

based on observations of third-party interactions and relationships.  

Critically, however, no studies have demonstrated that chimpanzees use 

third-party knowledge to strategically recruit coalition partners (although 

experimental work has shown that they use direct relationship information for 

recruitment: Melis et al., 2006b). Therefore, to investigate the selective advantage 

of social intelligence in wild chimpanzees, we sought first to provide evidence 

that they exploit awareness of third-party relationships in partner choice, and 

second to determine whether they accrue any proximate benefits from doing so. 

 

4.1 Results 

4.1.1 Chimpanzees exploit third-party knowledge in partner choice 

From 18 years of data on wild chimpanzees (P. t. schweinfurthii) at Gombe 

National Park, Tanzania, we identified clear instances of dyadic male aggression 

in which one contestant (the “solicitor”) attempted to recruit support from a 

bystander (the “recruit”) against his “opponent”. We recorded all adult male 

bystanders present at each event (i.e., all potential recruits, since only adult males 

were targets of recruitment attempts) and quantified their relationships with 

both the solicitor and the opponent. To fully characterize each pair’s relationship, 
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we calculated separate measures for kinship, social-bond strength (based on 

grooming), coalition frequency, and rank. 

The direct relationships hypothesis, which holds that recruitment 

decisions are based on one’s own relationship with potential coalition partners, 

predicts that solicitors preferentially recruit their own kin, individuals with 

whom they have stronger social bonds or frequently form coalitions, and 

individuals who are most dominant to them. The third-party relationships 

hypothesis, which asserts that chimpanzees rely on third-party knowledge to 

make recruitment decisions, predicts that they preferentially recruit bystanders 

who are most dominant to their opponent and avoid their opponent’s kin and 

individuals with whom their opponent has strong bonds or a history of frequent 

coalitions.  

We used a Generalized Linear Mixed Model (model 1) to identify which 

relationship measures predicted whether the solicitor attempted to recruit a 

given bystander. We included three rank-based predictors in our model: (1) rank 

difference between the bystander and the opponent (as a measure of third-party 

knowledge), (2) rank difference between the bystander and the solicitor (to 

control for the possibility that chimpanzees simply solicit individuals who are 

most dominant to themselves, without regard for third-party relationships; the 
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direct relationship alternative), and (3) whether the bystander was the highest 

ranking individual present (to control for the possibility that chimpanzees can 

discern, and choose, the most dominant individual through subtle behavioral 

cues; the dominance heuristic alternative). We also included in the model binary 

measures of kinship between the bystander and the solicitor and opponent and 

continuous measures of bond strength and coalition frequency between the 

bystander and both the solicitor and opponent. 

As predicted by the direct relationships hypothesis, chimpanzees’ own 

relationships with bystanders significantly influenced which bystanders were 

solicited (Table 9). Chimpanzees were more likely to solicit help from their own 

kin (p = 0.036), from individuals with whom they had stronger social bonds (p = 

0.054), from individuals with whom they frequently formed coalitions (p = 0.003), 

and from individuals who were most dominant to them (p = 0.018). Critically, we 

also found support for the third-party relationships hypothesis: the rank 

difference between the bystander and the opponent significantly predicted 

whether the bystander was solicited (p = 0.031). This variable was significant 

while controlling for the two alternative cognitively simpler strategies (i.e., the 

direct relationship and dominance heuristic alternatives). However, there was no 

evidence that chimpanzees avoided the kin, bond partners, or frequent coalition 



 

125 

partners of their opponents. Taken together, these results suggest that 

chimpanzees employ a mixed strategy in partner choice, soliciting their own kin, 

bond partners, and coalitionary allies, but also using third-party rank knowledge 

in order to specifically recruit bystanders who can overpower their opponent. 
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Table 9: Results of model 1 examining the impact of direct and third-party 

relationship measures on solicitors’ choice of recruits. Significant main effects (p < 

0.05) are shown in bold and italics and trends (p <0.10) only in bold. 

  Estimate Std. Error z-value p-value 

Intercept -2.708 0.242 -11.169 <0.001 

Bystander-Opponent 

Rank Difference 

1.662 0.769 2.162 0.031 

Bystander-Solicitor 
Rank Difference 

2.000 0.846 2.363 0.018 

Highest-ranking 

bystander? 

-0.014 0.404 -0.036 0.971 

Bystander-Opponent 

Kinship 

0.484 0.451 1.072 0.284 

Bystander-Solicitor 
Kinship 

0.866 0.412 2.100 0.036 

Bystander-Opponent 
Bond Strength 

19.806 23.194 0.854 0.393 

Bystander-Solicitor 

Bond Strength 

47.364 24.59 1.926 0.054 

Bystander-Opponent 

Coalition Frequency 

-1.393 0.963 -1.447 0.148 

Bystander-Solicitor 
Coalition Frequency 

2.638 0.900 2.945 0.003 

 

4.1.2 Third-party knowledge conveys proximate benefits 

Having provided evidence that wild chimpanzees exploit third-party 

knowledge of relative dominance rank in partner choice, we sought to determine 

whether doing so provided any proximate benefits. To test this hypothesis, we 

ran two additional multiple regression models, each investigating whether any 

direct or third-party relationship measures predicted a particular outcome. In the 

first of these models (model 2; Table 10), we examined which relationship 

measures influenced recruit intervention. Interestingly, although interventions 

occurred following 51.6% of recruitment attempts, none of the direct or third-
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party metrics predicted whether the recruit intervened in support of the solicitor 

(Table 10). 
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Table 10: Results of model 2 examining the impact of direct and third-party 

relationship measures on recruit intervention. Significant main effects (p < 0.05) are 

shown in bold and italics and trends (p <0.10) only in bold. 

  Estimate Std. Error z-value p-value 

Intercept -0.207 0.42 -0.492 0.623 

Recruit-Opponent 

Rank Difference 0.303 1.202 0.252 0.801 

Recruit-Solicitor Rank 
Difference 0.849 1.184 0.717 0.473 

Highest-ranking 

bystander? 0.181 0.592 0.305 0.76 

Recruit-Opponent 

Kinship 0.108 0.618 0.174 0.862 

Recruit-Solicitor 
Kinship -0.405 0.726 -0.558 0.577 

Recruit-Opponent 
Bond Strength 1.911 33.820 0.056 0.955 

Recruit-Solicitor Bond 

Strength 12.180 42.326 0.288 0.774 

Recruit-Opponent 

Coalition Frequency -0.989 1.593 -0.621 0.535 

Recruit-Solicitor 
Coalition Frequency 0.706 1.132 0.624 0.533 

 

It may be that the threat of intervention by a powerful bystander is 

sufficient to subdue the opponent following a well-targeted recruitment attempt. 

Therefore, in the final model (model 3; Table 11), we investigated the link 

between the direct and third-party relationship measures and whether or not, 

following the recruitment attempt, the opponent ceased aggression toward the 

solicitor. Critically, only the rank difference between the recruit and the 

opponent predicted whether the opponent terminated aggression (Table 11; p = 

0.01). That is, when solicitors selected a powerful recruit who was most 

dominant to their opponent, they were significantly more likely to avoid further 
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aggression. This finding therefore suggests that chimpanzees are able to reap an 

immediate proximate benefit—escaping aggression—through tactical 

employment of third-party knowledge. 
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Table 11: Results of model 3 examining the impact of direct and third-party 

relationship measures on whether or not the opponent ceased aggression toward the 

solicitor. Significant main effects (p < 0.05) are shown in bold and italics and trends (p 

<0.10) only in bold. 

  Estimate Std. Error z-value p-value 

Intercept 0.567 0.567 0.999 0.318 

Recruit-Opponent 

Rank Difference 4.089 1.596 2.562 0.010 

Recruit-Solicitor Rank 

Difference -0.783 1.581 -0.495 0.62 

Highest-ranking 
bystander? -0.950 0.864 -1.099 0.272 

Recruit-Opponent 
Kinship 1.124 1.007 1.117 0.264 

Recruit-Solicitor 

Kinship 0.209 0.920 0.227 0.820 

Recruit-Opponent 

Bond Strength 11.278 44.281 0.255 0.799 

Recruit-Solicitor Bond 

Strength -11.871 55.889 -0.212 0.832 

Recruit-Opponent 

Coalition Frequency 5.038 3.098 1.626 0.104 

Recruit-Solicitor 

Coalition Frequency -0.332 1.536 -0.216 0.829 

 

4.2 Discussion 

 We have shown here that wild chimpanzees appear to employ a mixed 

strategy to solve competitive social problems. Our findings provide support for 

both the direct relationships and third-party relationships hypotheses, and are 

consistent with the hypothesis that male chimpanzees in dyadic conflicts attempt 

to recruit coalition partners based both on their own relationships with the 

available bystanders, and also on those bystanders’ relationships with the 

solicitor’s opponent. Specifically, chimpanzees attempted to recruit their own 

kin, individuals with whom they had stronger social bonds and more frequent 
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histories of coalitions, and individuals who were most dominant to them. Most 

interestingly, controlling for solicitors’ use of their own dominance relationship 

with the available bystanders, chimpanzees also directed their recruitment 

attempts at bystanders who were most dominant to their opponent. Our models 

included co-variates to control for two alternative explanations—that 

chimpanzees solicited individuals who were most dominant to themselves, and 

that they solicited the most dominant individual available—suggesting that our 

findings reflect use of third-party knowledge.  

The strongest alternative account is that behavioral cues by bystanders, for 

example of their interest in intervening, influenced chimpanzees’ solicitations. 

However, when controlling for the other factors in our model, we did not find 

evidence that chimpanzees tended to solicit help from the highest-ranking 

available bystander—who may be most likely to exhibit such cues. Moreover, 

bystanders who were targeted for recruitment did not intervene in roughly half 

of our events, suggesting that chimpanzees were not simply cuing into reliable 

indicators of a bystander’s interest in joining the conflict. Similarly, we did not 

find evidence that the relationship measures that predicted solicitors’ choices 

actually influenced whether the recruit intervened. This finding further suggests 

that chimpanzees were not simply responding to behavioral cues of a 
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bystander’s desire to intervene. Finally, captive experiments have provided 

evidence that chimpanzees do use third-party information in partner choice, 

while controlling for the behavior of third-parties (e.g., Russell et al., 2008, 

Subiaul et al., 2008, Herrmann et al., 2013). While we can’t completely rule out 

this alternative account, these findings support the interpretation that wild 

chimpanzees relied on awareness of third-party relationships when attempting 

to recruit coalition partners. Our results contribute to a growing literature on 

chimpanzees’ and other primates’ complex understanding of their social 

environment, which includes both observational studies and well-controlled 

experiments (e.g., Dasser, 1988, Cheney and Seyfarth, 1990, Silk, 1999, Hare et al., 

2000, Hare et al., 2001, Bergman et al., 2003, Perry et al., 2004, Schino et al., 2006, 

Cheney and Seyfarth, 2007, Slocombe and Zuberbuhler, 2007, Wittig and Boesch, 

2010, Hare, 2011, Yamamoto et al., 2012, Herrmann et al., 2013, Wittig et al., 

2014b).  

 Although recruits often intervened in support of the solicitor, there was 

no evidence that reliance on any specific direct or third-party relationship 

information when selecting a recruit affected whether a recruit came to the 

solicitor’s aid. However, we did find that evidence that exploitation of third-

party knowledge successfully functioned to subdue the opponent, allowing the 
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solicitor to escape further aggression. Specifically, the more the recruit outranked 

the opponent, the greater the probability that the opponent ceased aggression 

toward the solicitor. Presumably, the threat of intervention by a more powerful 

bystander was sufficient to intimidate the opponent. Thus, our findings suggest 

that strategic decision-making based on third-party knowledge yields immediate 

proximate benefits in wild chimpanzees. That a chimpanzee’s attainment of rank 

and reproductive success is directly impacted by his position within the 

coalitionary network—and specifically his connection to males that are not 

themselves well connected (Gilby et al., 2013a)—further suggests that there may 

be a direct link, though current untested, between third-party knowledge and 

fitness in this species. 

 Our findings provide support for the social intelligence hypothesis that 

the demands of within-group competition have shaped the minds of social 

animals, favoring individuals with the greatest social intelligence (Byrne and 

Whiten, 1988, Humphrey, 1976, Jolly, 1966). Chimpanzees who appeared to use 

social intelligence to solve social conflicts were more successful at escaping 

further aggression than those who didn’t. Future work in primates and 

nonprimates alike should continue to test this hypothesis by investigating links 

between controlled measures of social cognition and proximate and ultimate 
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benefits in wild populations. Our sample size was unfortunately too small to 

investigate a relationship between individual differences in choice patterns and 

differential attainment of proximate benefits or reproductive success, and doing 

so should be a priority of future research. Controlled experiments should also 

aim to further pin down the cognitive underpinnings of third-party knowledge 

in primates and other animals. Still, the findings presented here are consistent 

with the hypothesis that social intelligence is directly linked to the attainment of 

proximate benefits in wild primates. They therefore help to elucidate the 

proximate mechanisms that have likely shaped the social cognitive abilities of 

primates, including humans, throughout evolutionary history. 

 

4.3 Materials and Methods 

4.3.1 Study site and data collection 

 The Kasekela chimpanzee community in Gombe National Park, Tanzania 

has been studied since 1960. Since 1973, field assistants have conducted full-day 

focal follows of adult chimpanzees (Goodall, 1986), recording party composition, 

grooming involving the focal individual, pant grunts (submissive vocalizations), 

and detailed accounts of all observed aggressive interactions, among other 

behaviors, in the focal chimpanzee’s party. Field data are digitized, translated, 
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and extracted into a relational database that is maintained by the Jane Goodall 

Institute Research Center at Duke University and Arizona State University. 

 We adapted methods used by Silk (1999). Using 18 years of data from 

1994-2011 (which have been fully translated and digitized), we performed 

keyword searches of the narrative notes to identify all explicit instances of dyadic 

male aggression in which one contestant (the solicitor) solicited help from a 

bystander male (the recruit) against their opponent. We restricted our sample to 

those events in which (1) all actors (solicitor, opponent, and recruit) were adults 

(at least age 12—the youngest age of successful male reproduction at Gombe: 

(Wroblewski et al., 2009)), (2) the description of the help solicitation was clear 

(e.g., using language such as “solicit help,” “seek help,” or “seek support.”) and 

targeted at a specific bystander, and (3) there were at least two adult male 

bystanders who could have been solicited. We favored these conservative 

inclusion criteria as our aim was not to capture every single help solicitation 

event (e.g., to characterize their frequency), but rather to identify and analyze 

cases with the highest degree of certainty. 

In total, we identified 102 events that met these criteria, involving 15 

solicitors and13 opponents. Since males exclusively solicited help from other 

adult males (i.e. never from females or juvenile males), we documented all adult 
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males who were present in the party at the time of the event (N = 19 different 

males across events), and treated these bystanders as potential recruits. We then 

quantified the relationship between the solicitor and the opponent with each of 

these bystanders, in terms of kinship, bond strength (based on patterns of 

grooming), coalition frequency, and rank. 

 

4.3.2 Relationship measures 

4.3.2.1 Kinship 

 For the purposes of this study, we counted as kin only maternal brothers 

because this relationship can be discerned from joint association with a mother 

and evidence for paternal kin recognition remains limited (Lehmann et al., 2006). 

Moreover, partner preference should be most pronounced in kin who are most 

closely related and who have the highest degree of certainty of relatedness—if 

kin selection actually impacts cooperative behavior in this species (Langergraber 

et al., 2007, Packer et al., 1991). In total our sample includes 5 pairs of maternal 

brothers (AL/AO, GB/GL, FD/FR, FD/FO, and FR/FO). 
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4.3.2.2 Bond Strength (Grooming Index) 

 To quantify social bonds between individuals, we divided the data into 

two-year periods and calculated grooming indices (GI) between all males who 

were adults at the start of a period and still alive at the end of it. Use of two year 

periods for assessing grooming relationships is established in the literature, since 

this window allows researchers to maximize sample size (i.e., to avoid losing 

subjects in cases of sparse grooming data) while still capturing changes in 

relationships over time (e.g., Foerster et al., 2015, Machanda et al., 2013). This 

formula, based on Machanda et al. (2013), produces a grooming rate that controls 

for the time a dyad spent together. Since grooming is only recorded for focal 

chimpanzees, we quantified the duration of time that chimpanzees A and B were 

observed grooming and divided that value by duration in which chimpanzee A 

or B was focal and the other was present in the group: 
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where AfBgroom is the duration of time that A groomed B, BfAgroom is the 

duration of time that B groomed A, AfBp is the duration of time in which A was 

focal and B was present in the party, and BfAp is the duration of time in which B 

was focal and A was present in the party (Machanda et al., 2013). The principal 

drawback of using a grooming rate that controls for time observed together is 
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that it treats as equal dyads that spend vastly different amounts of time together 

but groom at the same rate when they are together. However, this method is 

preferable to an absolute measure of time spent grooming, since such a measure 

is influenced by biases in time spent observing each chimpanzee. 

 

4.3.2.3 Coalition Frequency 

 Coalitions are defined as events in which two or three adult males jointly 

direct aggression toward a single target male (Harcourt and de Waal, 1992). We 

used the list of coalitions identified by Gilby et al. (2013a) (N=365) and expanded 

it using the same extraction methods. We ensured that no help solicitation events 

were included in this sample to avoid circularity. We used the same two-year 

periods and a similar procedure to that used to produce the GI, to calculate our 

coalition frequencies (CF). The CF is the number of coalitions a dyad performed 

within a period divided by the amount of time (per 100 hrs) the dyad spent in the 

same party while at least one other adult male was present (who could be 

targeted for a coalition).  
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4.3.2.4 Rank 

 We used the ELO score method (Neumann et al., 2011) to calculate rank, 

since this method allows for the calculation of each male’s rank on the day of 

each solicitation event. As is customary with chimpanzee field studies (Bygott, 

1979, Hayaki et al., 1989), rank calculations were based on pant grunts, since 

these vocalizations communicate submission. K, which determines how 

drastically ranks change following each dominance interaction, was set at 200. 

All males entered the hierarchy with a value of 1000 at age 10, so that they would 

have an accurate rank (based on a minimum of nine dominance interactions 

(Neumann et al., 2011)) by age 12. After each pant grunt interaction, the ranks of 

both participants are updated, with the winner gaining points and the loser 

losing points. Unexpected outcomes (i.e., those incongruent with existing rank 

relationships) yield greater changes in rank than unexpected outcomes. To 

ensure model stability, we scaled Elo scores (to the same range as our other 

variables, i.e., 0-1) by dividing each by the maximum rank within the dataset. We 

performed this scaling based on our sample maximum rather than each event 

maximum, since absolute ranks may meaningfully reflect an individual’s power 

and the degree of despotism within the hierarchy at a given time. 
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4.3.3 Event Outcomes 

To generate a reliable measure of whether or not the opponent ceased 

aggression toward the solicitor following the recruitment attempt, one author 

and a second individual blind to the hypotheses of the study independently 

coded the descriptions of all events in which the outcome could be determined 

(79 cases). Reliability was excellent (93.7% agreement, Cohen’s Kappa = 0.825). 

 

4.3.4 Statistical Analyses 

 Using the LME4 package in R, we ran three binomial GLMMs fit by 

maximum likelihood (laplace approximate) with a logit link function (R-

Development-Core-Team, 2014, Bates et al., 2015). In model 1 we included one 

row of data per bystander present at each event at which one or more 

solicitations occurred. We restricted our analyses to events in which at least one 

bystander outranked the opponent and the solicitor, to ensure that there was 

variation in rank information to warrant use of third-party knowledge. This 

included 84 events and 610 event-bystander data points. We did not face the 

problem of pseudo-replication, since more than one individual could be 

sequentially solicited within the same event (which happened on one occasion). 

The dependent measure in this model was whether or not the bystander was 
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solicited (i.e, 1 or 0). We included as main effects kinship (binary), GI, and CF 

between the bystander and the solicitor and between the bystander and the 

opponent. We also included three rank-based measures: rank difference between 

the bystander and the opponent, rank difference between the bystander and the 

solicitor, and whether the bystander was the highest-ranking individual present. 

Our model included random effects to control for repeated measures. To 

determine the appropriate set of random effects to include in our models, we ran 

models with each potential combination of random effects (i.e., solicitor ID, 

opponent ID, recruit ID, and event ID) and then used AIC as the model selection 

criterion.  We considered models with deltaAIC <2 to have equivalent support.  

Models with a single random effect had significantly more support than those 

with two or more, although results were consistent across models with different 

random effects.  Thus, we included in the final model only the ID of the solicitor 

as a random effect. We also attempted models that included only the variables 

associated with one type of relationship measure (e.g., kinship) and the results of 

these simpler models were largely identical to the findings reported here. 

 The datasets for models 2 and 3 included one row per solicitation attempt. 

In these models we used the same variables as those in the first model but only 

for the bystander who was solicited (i.e., we no longer included data for 
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bystanders who were not solicited). These models thus investigated whether any 

direct or third-party relationship measures predict a given outcome given the 

solicitor’s choice of recruit.  Model 2 assessed whether any relationship measures 

predicted recruit intervention in response to the solicitation. Model 3 assessed 

whether any relationship measures predicted the opponent ceasing aggression 

toward the solicitor. Model 2 involved the 93 cases in which sufficient 

information was available to determine whether or not the recruit intervened, 

and the model 3 involved the 79 cases in which sufficient information was 

available to determine whether or not the opponent terminated solicitor-directed 

aggression. In each of these models, the ID of the recruit was the only random 

effect included in the reported model. However, as in model 1, we ran versions 

of both models with all possible random effects, and found effects to be 

consistent across models.   Again, using fewer random effects significantly 

improved model fit. We also ran models involving subsets of the predictor 

variables and, as in model 1, the results were consistent. 
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5 Conclusion 

 The present dissertation seeks to advance our understanding of the 

evolution of human social cognition through several targeted investigations of 

social decision-making in humans’ closest living relatives, bonobos and 

chimpanzees. To this end, I have generated data to address three key questions 

(sections 5.1-5.3).  

 

5.1 What differences exist in prosocial behavior between 
bonobos and chimpanzees? 

Prosocial behavior is among the key traits that appear to define our 

species (Hill et al., 2009). However, the features that distinguish human from 

nonhuman prosociality remain heavily debated (Cronin, 2012, Hare and Tan, 

2011, Silk and House, 2011). Many argue that human prosociality is driven by 

unusually strong prosocial motivations, demonstrated most clearly by active 

food sharing (the strong prosociality hypothesis) (Burkart et al., 2014, Burkart et 

al., 2009, Jaeggi et al., 2010a). Others have suggested that it is the flexibility with 

which we exhibit prosocial behavior across food and non-food contexts that 

uniquely defines human prosociality (the versatile prosociality hypothesis) 

(Warneken, 2015). In the wild, chimpanzees are known to participate in a 
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number of cooperative behaviors, which may reflect the strong prosocial 

motivations and prosocial flexibility that are seen in humans. For example, 

chimpanzees hunt monkeys socially (Gilby et al., 2006, Gilby et al., 2015, Gilby 

and Wrangham, 2007, Mitani, 2009, Goodall, 1986). Following hunts, the 

possessors of the carcass frequently share portions of the meat with others—one 

of several types of food sharing that have been documented in wild chimpanzees 

(Mitani, 2009, Gilby, 2006, Gilby et al., 2006, Goodall, 1986). Chimpanzees also 

participate in coalitionary aggression in which multiple individuals jointly direct 

aggression toward their rivals—a behavior which helps them to attain rank and 

reproductive success (Muller and Mitani, 2005, Mitani, 2009, Gilby et al., 2013a, 

Goodall, 1986). Finally, chimpanzees patrol the borders of their territory, and 

even attack and kill lone individuals from neighboring communities that they 

encounter on these patrols (Wrangham, 1999, Watts and Mitani, 2001, Mitani, 

2009, Mitani et al., 2010, Gilby et al., 2013b, Wilson et al., 2014, Williams et al., 

2004, Goodall, 1986).  

Over the past couple decades, research on social cognition in chimpanzees 

has proliferated (Chapter 1), including experimental investigations of the social 

cognitive underpinnings of cooperative behavior in this species (Warneken and 

Tomasello, 2009). Although chimpanzees are able to both cooperate and provide 
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help in instrumental tasks (Melis et al., 2006b, Melis et al., 2006c, Warneken and 

Tomasello, 2006, Warneken et al., 2007, Yamamoto et al., 2009, Melis et al., 2011, 

Melis and Tomasello, 2013), their skills seem to be limited by motivational rather 

than cognitive abilities (Hare, 2001, Hare et al., 2002, Hare and Tomasello, 2004, 

Hare and Tomasello, 2005, Melis et al., 2006c, Hare, 2007, Hare, 2009, Hare, 2011, 

Warneken et al., 2012, MacLean and Hare, 2015, Hare, Submitted). Chimpanzees 

know when they need assistance, they recruit individuals with whom they’ve 

most effectively cooperated before, they can negotiate to maximize participation 

from their partners, and they can provide help based on an understanding of 

their partners’ goals and roles (Melis et al., 2006b, Melis et al., 2006c, Melis et al., 

2009, Melis and Tomasello, 2013, Yamamoto et al., 2012). However, chimpanzees 

are constrained by their level of tolerance with potential partners, and by their 

obsession with food (Melis et al., 2006c, Stevens, 2004). Consequently, captive 

experiments have largely failed to show prosocial food sharing in chimpanzees 

(Stevens, 2004, Melis et al., 2006b), suggesting that they neither possess the 

strong prosocial motivations or prosocial flexibility that characterize human 

cooperation. 

Wild bonobos are also known to engage in a number of cooperative 

behaviors, including food sharing and coalitionary aggression (Furuichi, 2011, 
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Yamamoto, 2015, Surbeck et al., 2011). However, our knowledge of the cognitive 

and motivational underpinnings of these behaviors remains impoverished. 

Previous work has shown that bonobos’ heightened social tolerance in feeding 

contexts facilitates greater success on cooperative tasks, relative to chimpanzees 

(Hare et al., 2007). Bonobos also voluntarily share limited food resources, even 

with strangers (Hare and Kwetuenda, 2010, Tan and Hare, 2013). It could 

therefore be that, unlike chimpanzees, bonobos exhibit the strong prosocial 

motivations and prosocial flexibility exhibited by humans, actively sharing both 

food and non-food items. However, no previous work had experimentally 

investigated object or tool sharing in bonobos.  

To test the strong prosociality and versatile prosociality hypotheses, we 

performed two studies (Chapter 2). In the first, we tested bonobos on an 

established instrumental helping task involving object retrieval (Warneken et al., 

2007). Unlike chimpanzees and human infants, bonobos did not share objects in 

this context. Next, we paired subjects with conspecific partners, providing one 

partner with a surplus of nuts and the other with a surplus of rocks needed to 

crack the nuts. Again bonobos refused to share non-food items, although they 

frequently actively transferred food to their partners. Thus, we have shown that 

whereas chimpanzees actively share non-food items, but not food, bonobos 
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exhibit the opposite pattern of sharing. These divergent context-specific sharing 

profiles suggest that bonobos may possess strong prosocial motivations for food 

sharing, but that neither chimpanzees nor bonobos exhibit the prosocial 

flexibility that characterizes human sharing—lending support to the versatile 

prosociality hypothesis. Species differences in motivation likely contribute 

substantially to observed differences in cooperative behavior, and a flexible 

expression of prosocial motivations was likely foundational in the evolution of 

humans’ uniquely cooperative nature. 

 

5.2 What cognition and motivation underlie apes’ social 
preferences? Do these traits differ between humans and the 
other apes? 

By three months of age, humans are able to discriminate unfamiliar 

individuals based on their behavior during third-party interactions, and they 

exhibit a robust preference for individuals that help others over those that do not 

(Hamlin et al., 2007, Hamlin and Wynn, 2011, Hamlin et al., 2010a, Hamlin et al., 

2011). Soon after, they begin to respond to others’ expressions of need by 

providing targeted instrumental help, even selectively helping those with 

positive intentions (Warneken and Tomasello, 2006, Warneken et al., 2007, 

Warneken, 2013, Dunfield and Kuhlmeier, 2010, Vaish et al., 2010). Research 
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suggests that this behavior is underlain by an intrinsic motivation to see others 

helped, as well as the cognitive abilities for discerning friends from foes based on 

both agents’ actions and their underlying intentions (Hamlin et al., 2007, Hamlin 

and Wynn, 2011, Hamlin et al., 2010a, Hepach et al., 2012, Hamlin, 2013).  

Human children do not, however, exhibit this prosocial preference 

invariably. In fact, as children develop, their social evaluations become more 

selective. For example, although 5-month olds reliably prefer those who help 

over those who hinder third-parties, by eight months, infants no longer exhibit 

this indiscriminant preference (Hamlin et al., 2011). Eight-month olds instead 

favor those who help prosocial third-parties over those who hinder them, but 

prefer those who hinder antisocial third-parties over those who help them. 

Before age two, toddlers begin to direct more prosocial acts toward prosocial 

individuals than antisocial individuals and more antisocial acts toward antisocial 

individuals than prosocial ones (Hamlin et al., 2011). Thus, while very young 

infants are equipped with the cognitive and motivational skills to discern 

prosocial from antisocial individuals and prefer prosocial ones indiscriminately, 

increasingly children become more sensitive to the contexts of prosocial and 

antisocial interactions. Ultimately, they favor punishment of antisocial 

individuals and rewarding of prosocial ones—behaviors that mirror adult 
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enforcement of cooperative norms (Hamlin et al., 2011, Burnham and Johnson, 

2005, McAuliffe et al., 2015). 

In addition, their social preferences are influenced by evolutionarily 

ancient biases for ingroup individuals. For example, by 5-6 months, infants 

prefer to look at someone who had previously spoken their native language over 

someone who had spoken a different language (Kinzler et al., 2007). By ten 

months, they prefer to receive a toy from a speaker of their native language than 

a speaker of a foreign language, and, by five years, they choose native-language 

speakers over foreign-language speakers as friends (Kinzler et al., 2007). Nine- 

and 14-month old infants prefer those who help individuals similar to 

themselves and those who harm dissimilar others (Hamlin et al., 2013). By age 

six, children punish unfair behavior of outgroup members more harshly than 

they do ingroup ones (Jordan et al., 2014).  

The early emergence of the cognitive and motivational skills for prosocial 

preference likely plays a key role in the development of the sophisticated forms 

of social decision-making and within-group cooperation that are seen in adult 

humans. Children’s early motivations for behaving prosocially and for 

preferentially associating with those who do as well may provide the foundation 

for the existence of human societies that are largely cooperative in nature (at least 
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internally), while also preparing children to learn the specific cooperative and 

moral norms of their culture as they develop (House et al., 2013, Blake et al., 

2015). These skills become increasingly nuanced as they adapt to typical norms 

of prosocial norm enforcement and in-group favoritism.  

To determine whether early emergent prosocial preference is unique to 

humans, we tested bonobos to see if they possess either the cognitive or 

motivational aspects of this trait. Bonobos provide a powerful test of whether 

this preference is derived in humans, since relative to chimpanzees bonobos are 

highly gregarious, socially tolerant, and even prosocial toward strangers (Hare 

and Kwetuenda, 2010, Hare et al., 2007, Tan and Hare, 2013, Wobber et al., 2010c, 

but see Jaeggi et al., 2010b). These traits may be driven by a shared preference 

with humans for individuals that are most prosocial to others. However, in four 

studies, we found evidence that bonobos do not exhibit a human-like prosocial 

preference (Chapter 3). In Study 1, bonobos preferred an animated agent that 

hindered a third-party’s attainment of a goal over one that facilitated goal 

attainment. Importantly, we controlled for the key alternative accounts based on 

perceptual or logistical features of our design. Interestingly, we also found that 

our results were driven by the adults in the sample; sub-adults did not exhibit 

any consistent preference. In Study 2, adult but not sub-adult bonobos preferred 
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an unfamiliar human actor who hindered a third-party over one who helped. 

Study 3 replicated this finding, controlling for arbitrary baseline preferences for 

the unfamiliar actors. Finally, in Study 4, we showed that bonobos preferred a 

dominant animated agent over a subordinate one.  

These data suggest that bonobos possess the cognitive underpinnings of 

prosocial preference. Specifically, they are able to discriminate both novel 

animated agents and unfamiliar human actors based on their prosocial and 

antisocial behavior during third-party interactions. Despite this, bonobos did not 

show the human preference for helpers in several choice tasks, instead favoring 

the hinderer that obstructed another agent’s goal. Thus, the motivation to favor 

helpers may be unique to humans and likely played a central role in the 

evolution of human development and cooperation. These findings align with a 

growing body of work that suggests that cooperative motivations may be at the 

heart of the differences observed between humans and the other apes (Tomasello 

et al., 2003a, Tomasello et al., 2005, Tomasello and Herrmann, 2010, Tomasello et 

al., 2012). 

However, as described above, cooperative motivations are not context-

independent. Human children and adults exhibit ingroup favoritism (Jordan et 

al., 2014, Kinzler et al., 2007). While it is true that their social evaluations are 
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biased by information other than an actors’ prosocial or antisocial disposition—

such as group membership—this behavior was likely favorable throughout 

human evolution to protect against the dangers of outgroup individuals. In fact, 

ingroup preferences are widespread among nonhuman primates, with 

chimpanzee intergroup killings representing an extreme example (Wilson et al., 

2014, Wrangham, 1999, Williams et al., 2004, Goodall, 1986). Bonobos, on the 

other hand, are less xenophobic in the wild and in captive experiments even 

preferentially direct prosocial behavior toward strangers (Furuichi, 2011, Tan 

and Hare, 2013, Tan et al., submitted). Thus, while humans still share with most 

other primates the ancestral state of xenophobia which influences their social 

evaluations and social preferences, they appear to have developed unique 

motivations for cooperating with groupmates (Herrmann and Tomasello, 2006, 

Hare, 2007, Hare, 2009, Hare, 2011, Hare, Submitted). 

Bonobos’ less xenophobic behavior makes them the critical species to test 

the hypothesis that human cooperation is supported by uniquely strong 

cooperative motivations. Yet, despite their pronounced social tolerance, even 

bonobos exhibited a preference for an individual who hinders a (familiar) third-

party over one who helps across several contexts. To confirm that antisocial 

preference is robust in bonobos, future studies should vary the identity of the 
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neutral individual that is the target of prosocial and antisocial behavior during 

the third-party interactions. Would bonobos still prefer an individual who was 

antisocial toward their groupmate over one who was prosocial? In the present 

experiments involving human actors, the neutral agent was a familiar 

experimenter and, in other studies, bonobos have shown xenophilic tendencies 

(Tan et al., submitted, Tan and Hare, 2013). These findings suggest that bonobos 

may exhibit this antisocial preference even when the target of the prosocial or 

antisocial behavior is a familiar groupmate; however, additional studies are 

necessary to test this possibility.  

Perhaps importantly, in one follow-up study, bonobos also preferred a 

dominant individual over a subordinate one. It may be that bonobos interpret 

antisocial behavior as indicative of social dominance, and that their preference 

for antisocial individuals actually reflects a preference for dominant ones. 

Although at first humans’ preference for helpers appears adaptive and bonobos’ 

preference for hinderers bewildering, that bonobos’ evaluations may be 

motivated by preference for dominant individuals suggests that social preference 

is also adaptive in this species. As in many primates, a bonobo’s place in the 

dominance hierarchy can influence access to key resources like food, social 

support, and mating opportunities (Chapais, 1995, Vervaecke et al., 2000). 
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Consequently, associating with dominant individuals may convey benefits if 

dominant allies are more tolerant of their close social partners and permit access 

to these resources (e.g., Duffy et al., 2007). The evolution of prosocial preference 

in humans may thus have required a shift in the adaptive landscape such that the 

value of powerful allies declined while the importance of more generally 

cooperative ones rose. Presumably, selection began to favor prosocial preference 

following the emergence of increasingly interdependent and egalitarian societies, 

like those seen among hunter-gatherer populations (Tomasello et al., 2012). 

 

5.3 What selective advantage does social cognition provide wild 
apes? 

The social intelligence hypothesis argues that the demands of within-

group competition were a principal driver of cognitive evolution among social 

species, including humans and other primates (Jolly, 1966, Humphrey, 1976, 

Byrne and Whiten, 1988). This hypothesis has received wide attention among 

evolutionary biologists and psychologists (though not to the exclusion of 

hypotheses that suggest the influence of other potentially important ecological 

selective pressures). Some studies have shown that more “socially complex” 

species exhibit better performance on cognitive tasks than their less “socially 
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complex” close relatives (where social complexity is defined by group size or 

fission fusion social systems: e.g., Bond et al., 2003, Maclean et al., 2008, Sandel et 

al., 2011, Maclean et al., 2013, Amici et al., 2008). However, very few studies have 

tested whether social intelligence actually provides a selective advantage in wild 

populations (White et al., 2010, Seyfarth and Cheney, 2015). To do so, one must 

show that there is variation between individuals in a social cognitive trait, that 

this variation is heritable, and that it is linked to differential reproductive success 

(Endler, 1986). Additionally, demonstrating empirical links between variation in 

possession or expression of social cognitive skills and differential acquisition of 

proximate benefits would provide evidence for the proximate mechanisms 

through which complex traits like social cognitive abilities can provide a 

selective advantage and influence reproductive success. 

Coalitionary aggression is an exemplar of complex within-group 

competition (de Waal, 1982, Muller and Mitani, 2005, Watts, 2009, Silk, 1999, 

Gilby et al., 2013a, Goodall, 1986). Although many social species pursue rank and 

reproductive success by cooperating with coalition partners to dominate their 

rivals, the cognitive underpinnings of this behavior remain unclear (Silk, 1999, 

Perry et al., 2004, Schino et al., 2006, Range and Noë, 2005, Watts, 2009). We 

tested the hypotheses that wild chimpanzees at Gombe National Park, Tanzania 
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recruit coalition partners based on awareness of the third-party relationships 

between their opponent and the available coalition partners, or that they simply 

base their choices on their own direct relationships with the available partners. 

We found evidence consistent with the interpretation that chimpanzees relied on 

information about both their own kinship, grooming, and coalitionary 

relationships with the available partners, and also about third-party rank 

relationships between their opponent and each potential recruit. These findings 

add to a growing body of work, showing that the propensity for tracking third-

party relationships may be widespread—although not universal (le Roux and 

Bergman, 2012)—among monkeys and apes (Chapter 3, Cheney and Seyfarth, 

1990, Cheney and Seyfarth, 2007, Slocombe and Zuberbuhler, 2007, Russell et al., 

2008, Subiaul et al., 2008, Wittig and Boesch, 2010, Herrmann et al., 2013, Wittig 

et al., 2014b, Seyfarth and Cheney, 2015). Moreover, they further highlight the 

breadth of sophisticated social cognitive abilities that are shared between 

humans and the other apes (Hare et al., 2000, Hare et al., 2001, Slocombe and 

Zuberbuhler, 2007, Call and Tomasello, 2008, Wittig and Boesch, 2010, Crockford 

et al., 2012, Wittig et al., 2014b). 

We were able to rule out the alternative explanations that chimpanzees 

simply solicited bystanders who most outranked themselves and that they 
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simply solicited the highest-ranking individual present (perhaps based on 

behavioral cues by the individual). However, another alternative is that solicitors 

made their decisions based on other aspects of the behavior of bystanders. For 

example, bystanders may have provided cues that communicated, for example, 

their interest in getting involved in the conflict, or their calmness may have made 

them appealing choices. Some of our findings suggest that this was not the case. 

For example, given the tendency of dominant males to police others’ conflicts 

and since dominant individuals may be less likely targets of redirected 

aggression, these individuals may be among the most likely to exhibit such cues 

(e.g., de Waal, 1982). However, when controlling for the other factors in our 

model, we did not find evidence that chimpanzees tended to solicit help from the 

highest-ranking available bystander. Moreover, recruits did not intervene in 

roughly half of our events, suggesting that chimpanzees were not cuing into 

bystander behavior that indicated a bystander’s interest in joining the conflict. 

Similarly, we did not find evidence that the relationship measures that predicted 

solicitors’ choices actually influenced whether the recruit intervened. These 

things being true, we still cannot rule out the influence of bystander behavior on 

solicitor’s choices.  
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To do so, controlled experiments are necessary. While experiments 

intended to investigate partner choice in aggressive conflicts would be unethical, 

some experimental work has shown that apes choose partners based on their 

behavior during third-party interactions (Chapter 3, Russell et al., 2008, Subiaul 

et al., 2008, Herrmann et al., 2013). Experiments have also shown that 

chimpanzees recruit partners for a cooperative task based on their past success 

with the various partners (Melis et al., 2006b). In these studies, one chimpanzee 

was alone in a testing room and had access to a food-acquisition task that 

required cooperation. In separate adjacent rooms were two other chimpanzees. 

The subject could open the door of either room to allow one of the chimpanzees 

in to help. This design ensured that the subject alone was responsible for 

recruitment. Importantly, it also allowed the authors to code the behavior of the 

potential recruits to ensure that a change in their behavior between baseline and 

test trials was not responsible for subjects’ choices in test trials. While our 

findings in Chapter 4 are consistent with the hypothesis that chimpanzees exploit 

third-party knowledge to recruit cooperative partners, the kinds of controlled 

experiments used by Melis et al. (2006b) are necessary to completely rule out the 

influence of bystander behavior on recruitment decisions. 
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Importantly, there is good experimental evidence in other (non-

recruitment) contexts that primates are aware of third-party relationships. In 

chimpanzees, such evidence is limited to one study in which, two hours after an 

aggressive interaction, chimpanzees heard playbacks of an aggressive bark by a 

bystander. Chimpanzees looked longer and moved away more often in response 

to barks by a bond partner of their former opponent than to either barks by a 

non-bond partner or benign calls by the bond partner (Wittig et al., 2014b). These 

results suggest that, based on their knowledge of their former opponent’s social 

relationships, chimpanzees interpreted the same aggressive bark as directed at 

them (and indicating renewed aggression) or not. In a touchscreen task, two 

orangutans and one gorilla also demonstrated the ability to discriminate mother-

offspring pairs from other types of social relationships (e.g., siblings, unrelated 

groupmates, mated pairs) and to match specific kinds of relationships with one 

another (Vonk, 2002). Moreover, a number of controlled experiments with old 

world monkeys suggest that they are aware of the rank, kinship, and even 

transient consortship relations between third-parties (Cheney and Seyfarth, 1980, 

Dasser, 1988, Cheney and Seyfarth, 1990, Cheney et al., 1995, Cheney and 

Seyfarth, 1999, Bergman et al., 2003, Kitchen et al., 2005, Cheney and Seyfarth, 
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2007, Crockford et al., 2007, Wittig et al., 2007a, Wittig et al., 2007b, Paxton et al., 

2010).  

Touchscreen tasks, like those utilized by Dasser (1988), Vonk (2002), and 

Paxton et al. (2010), are another particularly promising route for future work 

because they allow for complete control of stimuli, and can therefore easily rule 

out the influence of other animals’ behavior on subjects’ choices. Moreover, they 

permit researchers to investigate the cognitive mechanisms that allow animals to 

learn and remember social information. Future work must, for example, 

determine the extent to which animals simply rely on associative learning and 

classical conditioning versus a series of rules that allow them to classify and 

organize relationships conceptually and hierarchically (Fagot and Cook, 2006, 

Flemming et al., 2013, Cheney and Seyfarth, 2007, Dasser, 1988, Vonk, 2002). 

Studies like ours suggest that chimpanzees may be able to instantaneously 

consult their social knowledge to make well informed recruitment decisions (see 

also Silk, 1999, Perry et al., 2004, Schino et al., 2006). The ability to use social 

information rapidly may suggest that this knowledge is structured by concepts 

and rules that facilitate rapid retrieval of accurate information, but controlled 

studies are necessary to test this hypothesis. 
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To investigate the proximate benefits of third-party knowledge, we then 

explored whether our proxy for third-party knowledge was related to any 

desired outcomes. Interestingly, the strategies that chimpanzees appeared to use 

to choose whom to recruit did not impact whether the recruit actually intervened 

in support of the solicitor. However, it did impact whether the opponent ceased 

aggression toward the solicitor. Critically, when chimpanzees solicited recruits 

that more greatly outranked their opponent they were significantly more likely 

to escape further aggression. That is, those behavior was consistent with 

exploitation of third-party knowledge experienced immediate benefits. Our 

findings therefore provide direct support for the social intelligence hypothesis, 

and help to elucidate the proximate mechanisms that have likely shaped the 

social cognitive abilities of primates, including humans, throughout evolutionary 

history (Jolly, 1966, Humphrey, 1976, Byrne and Whiten, 1988). 

Our study adds to a growing body of work that suggests that primates 

exhibit third-party knowledge in a number of social contexts in which they may 

experience benefits, and it provides support for at least one of the speculated 

benefits. For example, sensitivity to the rank relationships between third-parties 

may help primates to infer their own dominance relationship with unfamiliar 

individuals and avoid unnecessary aggression (Paz-y-Miño et al., 2004, Maclean 
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et al., 2008). Knowledge of relationships between third-parties may also allow 

primates to decide when to involve themselves in aggressive conflicts and to 

predict the behavior of other bystanders to these conflicts (Wittig and Boesch, 

2010, Wittig et al., 2014b, Wittig et al., 2007a, Wittig et al., 2007b). Further, 

primates may eavesdrop, for example on others’ consortships, to identify mating 

opportunities (Crockford et al., 2007). 

Our work also builds on studies that have identified relationships 

between complex social behavior and measures of reproductive success (Duffy et 

al., 2007, Schulke et al., 2010, Gilby et al., 2013a, le Roux et al., 2013). Gilby et al. 

(2013a) has shown that, in coalitionary networks, male chimpanzees with the 

highest betweenness experience greater increases in rank and higher paternity 

success than other chimpanzees. Betweenness describes the extent to which an 

individual has connections with others who themselves are not well connected. 

Gilby et al. (2013a) hypothesized that the importance of betweenness may reflect 

chimpanzees’ use of third-party knowledge to foster strategic coalitionary 

relationships. Our finding that chimpanzees appear to rely on third-party 

knowledge when recruiting coalition partners provides some support for this 

hypothesis. It also suggests that a direct link, though currently untested, may 
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exist between variation in social cognitive skill and differential reproductive 

success. 

However, to confirm the hypothesis that third-party knowledge provides 

a selective advantage in wild chimpanzees, several steps are necessary. First, 

captive experiments should be completed that are designed to demonstrate 

third-party knowledge, controlling for all alternative accounts. The most 

powerful studies would be those that could be replicated, perhaps with fewer 

controls, in the wild. Because of their non-invasive nature and frequent use in the 

wild, playback studies are a clear candidate. For example, previous work in 

baboons has shown that they pay more attention to a series of vocalizations that 

simulate a rank reversal than a series that simulates normal dominance 

interactions (and pay more attention to a more significant between-matriline 

rank reversal than a within-matriline rank reversal), suggesting knowledge of 

existing rank and kin relations (Bergman et al., 2003). These types of studies 

could be replicated in captivity with even more controls and a greater number of 

trials per individual. Doing so would further verify that primates do exhibit 

third-party knowledge, while also testing whether there is variation in this 

cognitive skill. Then, a series of trials of these kinds could be completed with 

wild primates in the field, in order to measure variation in the trait. Heritability 
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studies could be used to identify whether performance on these trials is heritable, 

while other studies could examine correlations between performance and 

reproductive success. Showing that there is variation in a cognitive skill, that it is 

heritable, and that it is linked to differential reproductive success would provide 

the strong evidence that the cognitive skill provides a selective advantage 

(Endler, 1986). Future work should also attempt to link individual differences in 

controlled measures of social cognition to variation in attainment of proximate 

benefits, in order to identify the proximate mechanisms through which social 

cognition confers a selective advantage. 

 

5.4 What is unique about human social cognition? 

 For centuries, philosophers and biologists have mused about what makes 

humans unique (e.g., Huxley, 1863, Darwin, 1871, Aristotle, 1991). What are 

humans’ key traits that distinguish them from the rest of the animal kingdom? 

Indeed, humans are different from other species in a variety of ways, including 

our possession of specialized social cognitive skills. 

The process of identifying species differences necessarily requires 

determining what is the same. A significant body of work has shown that other 

apes, especially chimpanzees, exhibit many of the social cognitive skills that were 
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once believed the unique domain of human psychology (e.g., Call and 

Tomasello, 2008). For example, apes can predict others’ behavior not simply 

based on surface cues but rather an understanding of the goals and intentions 

that motivate others’ actions (Call and Tomasello, 1998, Call et al., 2004, 

Tomasello and Carpenter, 2005, Warneken and Tomasello, 2006, Warneken et al., 

2007, Call and Tomasello, 2008, Buttelmann et al., 2009, Melis et al., 2011, 

Yamamoto et al., 2012, Myowa-Yamakoshi et al., 2012, Buttelmann et al., 2012, 

Melis and Tomasello, 2013, Kano and Call, 2014b). Apes recognize what others 

perceive and what they know about (Tomasello et al., 1998, Tomasello et al., 

1999, Hare et al., 2000, Hare et al., 2001, Brauer et al., 2005, Hare et al., 2006, Melis 

et al., 2006a, Okamoto-Barth et al., 2007, Kaminski et al., 2008, Crockford et al., 

2012, MacLean and Hare, 2012, Karg et al., 2015a, Karg et al., 2015b). As we and 

others have shown, apes track the relationships between third parties and use 

this information to guide their social decisions (Chapters 3 and 4, Slocombe and 

Zuberbuhler, 2007, Wittig and Boesch, 2010, Wittig et al., 2014b, Herrmann et al., 

2013, Russell et al., 2008, Subiaul et al., 2008, Wroblewski et al., 2009). Apes also 

exhibit a variety of prosocial behaviors, at least some of which rely on an 

understanding of others’ goals and each partner’s roles (e.g., Yamamoto et al., 
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2012, Melis and Tomasello, 2013). To some extent, these behaviors also involve 

similar prosocial motivations to those exhibited by humans. 

 

5.4.1 Prosocial motivations 

However, there remain a number of differences between human and non-

human psychology. Motivation is one major candidate. Despite converging 

evidence from numerous paradigms that makes clear that apes understand 

others’ goals and intentions, there is as yet no evidence that they possess shared 

intentionality—the tendency to structure cooperative activities around shared 

goals and an understanding of each partner’s role in the cooperative activity 

(Warneken et al., 2006, Warneken et al., 2012, MacLean and Hare, 2013). Since 

apes can understand others’ goals and intentions generally, it is likely that their 

lack of shared intentionality is a result of limited cooperative motivations rather 

than simply an absence of cognitive skill. Indeed, a large body of work suggests 

that chimpanzees reliably fail perspective-taking tasks that rely on 

understanding of cooperative communicative cues despite success on tasks that 

probe the same cognitive abilities in competitive contexts (Povinelli et al., 1997, 

Call et al., 1998, Itakura et al., 1999, Hare et al., 2000, Hare, 2001, Hare et al., 2001, 

Hare et al., 2002, Tomasello et al., 2003a, Hare and Tomasello, 2004, Hare and 
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Tomasello, 2005, Call and Tomasello, 2005, Hare et al., 2006, Hare, 2007, Call and 

Tomasello, 2008, Hare, 2009, Hare, 2011, Hare, Submitted). These results have led 

researchers to conclude that apes’ failure does not reflect a lack of cognitive skill. 

Instead, apes do not appear to understand cooperative communicative cues 

because they do not possess the motivation to produce such cues themselves 

(Tomasello et al., 2003a, Herrmann and Tomasello, 2006, Hare, 2011, Hare, 

Submitted). 

In the present dissertation, we have shown that chimpanzees and bonobos 

do possess some basic prosocial motivations (Chapter 2). For example, 

chimpanzees are motivated to provide low-cost help by actively sharing non-

food items and bonobos are motivated to do the same with food items 

(Warneken et al., 2007, Warneken and Tomasello, 2006, Yamamoto et al., 2009, 

Hare and Kwetuenda, 2010, Yamamoto et al., 2012, Tan and Hare, 2013). 

However, each species’ prosocial motivations appears to be constrained to 

specific contexts or currencies (Chapter 2, Stevens, 2004). As with any species, 

human behavior also has its constraints. However, while there are certainly 

limitations to prosocial motivations in human adults and children (e.g., when 

dealing with outrgroup individuals), these motivations appear to be much more 

flexibly expressed across context and currencies in humans than they are in the 
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other apes, particularly when dealing with ingroup members (Chapter 2, 

Chapter 3).  

Moreover, unlike humans, bonobos do not appear motivated to prefer 

unfamiliar individuals based on their prosocial behavior in third-party 

interactions (Chapter 3). However, bonobos do exhibit preferences for 

individuals who behave prosocially toward them (Krupenye and Hare, in 

preparation-b). Thus, although bonobos are capable of distinguishing individuals 

based on their prosocial and antisocial behavior in both direct and third-party 

interactions, their motivation to favor prosocial individuals does not appear to 

extend beyond direct interactions (Chapter 3, Krupenye and Hare, in 

preparation-b). Differences in strength and scope of prosocial motivations may 

thus explain much of the difference in degree and kind of cooperative behavior 

exhibited by humans relative to the other apes. 

That being said, as noted in Chapter 1, motivations may differ wildly 

between species. Indeed, there is evidence to suggest that bonobos and 

chimpanzees respond very differently to the types of competitive environments 

that have motivated chimpanzees to demonstrate their most sophisticated 

cognitive skills (Wobber et al., 2010b). Whereas chimpanzees are primed for 

competition by a boost in testosterone, bonobos experience heightened levels of 
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cortisol—which may deter them from competing (Wobber et al., 2010b). There’s 

evidence instead that bonobos’ heightened social tolerance in feeding contexts 

relative to chimpanzees may allow them to exhibit more cognitive skill in 

cooperative tasks involving food (e.g., Hare et al., 2007, Hare and Kwetuenda, 

2010, Tan and Hare, 2013). Moreover, bonobos are highly sensitive to others’ 

emotions, especially positive emotions, further suggesting that prosocial contexts 

may prove fruitful for future investigations of their cognition (Kret et al., 2016). 

By designing studies that maximize ecological relevance for bonobos, we will be 

able to better understand their cognitive skills and how they evolved. 

Importantly, since bonobos are thought to have evolved in response to selection 

for prosociality (Hare et al., 2012), studies of bonobo cognition and motivation in 

prosocial contexts will also provide the strongest test of the hypothesis that the 

strongest cooperative motivations are a derived feature of human psychology. 

Such an eye toward ecological relevance will prove essential as comparative 

psychologists continue to explore the minds of an increasing diversity of species 

whose morphology and psychology have been adapted to face very different 

challenges than those experienced during human and non-human primate 

evolution. 
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5.4.2 Representational theory of mind 

 Motivations alone are unlikely to be responsible for the remarkable 

differences that exist between the social behavior of humans and the other apes. 

Another trait that may be unique to humans is the ability to mentally represent 

others’ perspectives. Although myriad studies have shown that other apes 

possess some theory of mind skills (Call and Tomasello, 2008, Hare, 2011), none 

of these confirmed skills necessarily requires the ability to represent others’ 

perspectives. For example, in competitive paradigms, chimpanzees preferentially 

target food that a dominant competitor cannot see and attempt to steal food 

using a path that minimizes their competitor’s ability to see their approach (Hare 

et al., 2000, Hare et al., 2001, Hare et al., 2006). Critically, studies like these 

confirm that chimpanzees understand what others can see—or have seen in the 

past—but not necessarily how the scene looks from another individual’s 

perspective. This latter skill—to represent how things look (or sound) from 

someone else’s point-of-view—is called level 2 perspective-taking (Flavel et al., 

1978, Flavel et al., 1981). It is a pre-requisite for a “fully-blown,” or 

representational, theory of mind, and is central to the richest theory of mind 

skills, like the ability to represent others’ false beliefs. 
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 In fact, explicit false belief understanding is often considered to be the 

“litmus test” of a full-blown theory of mind because a fully developed false belief 

understanding requires the ability to represent others’ perspectives. To represent 

someone’s false belief, one must recognize the true state of the world (i.e., reality) 

while simultaneously representing the specific way in which this other 

individual constures the world to be different than it is. A variety of attempts 

have been made to demonstrate false belief understanding in non-human apes 

(Call and Tomasello, 1999, Hare et al., 2001, Kaminski et al., 2008, Krachun et al., 

2009, Krachun et al., 2010). Reliably, however, these explicit tasks have failed to 

provide positive evidence for false belief understanding in nonhuman apes, 

despite variation in the methodologies employed.  

A single study has investigated level 2 perspective-taking in chimpanzees. 

Karg et al. (2016) tested pairs of chimpanzees and children in a competitive task 

in which they took turns selecting food options (that were hidden at the time of 

choice). The food options were two breadsticks attached to a barrier. From the 

subject’s perspective, the entire breadsticks were visible and they were of equal 

length. However, the barrier occluded parts of the breadsticks from the 

competitor’s perspective, making it seem to the competitor as though one 

breadstick was larger. The competitor was allowed to choose first (and the 
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subject could not witness the competitor’s choice). On the subjects’ turn, they 

were significantly less likely to choose the breadstick that appeared larger to the 

competitor in the social condition than in a nonsocial control (presumably 

because they inferred in the social condition that the competitor would have 

already chosen this one). However, in the nonsocial control condition, while 

children chose randomly (since they knew that both options were equal in size), 

chimpanzees instead showed a preference for the less obscured option. These 

results suggest that while children likely relied on a representation of their 

competitor’s perspective, chimpanzees may have instead attributed to their 

competitor their own preference. That is, when choosing second, they simply 

avoided the option that they would have chosen first. Taken together, the 

existing literature suggests that non-human apes may not be able to represent 

others’ perspectives, including their false beliefs.  

In developmental studies, the clear consensus is that children pass 

traditional explicit false belief tests involving verbal reporting, such as the Sally-

Anne task, only after the age of four (Wellman et al., 2001). However, recent 

evidence has shown that infants younger than four can also pass modified false 

belief tests using simplified task procedures and spontaneous-gaze responses as 

measures (e.g., violation-of-expectation (Onishi and Baillargeon, 2005, Surian et 
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al., 2007); anticipatory-looking (Clements and Perner, 1994, Southgate et al., 2007, 

Senju et al., 2011a)). For example, anticipatory looking paradigms, measured 

using noninvasive eye-tracking procedures, exploit individuals’ tendency to look 

to a location in anticipation of an impending event, and thus measure 

participants’ predictions, e.g., about what an agent is about to do—even when 

that agent holds a false belief. Although it is unclear whether or not such 

spontaneous measures of false belief understanding reflect representation of 

others’ perspectives (Leslie et al., 2004, Baillargeon et al., 2010, Apperly and 

Butterfill, 2009, Perner and Roessler, 2012), existing research suggests that young 

infants have at least an implicit form of false belief understanding well before 

they demonstrate explicit comprehension in traditional tasks (e.g., Clements and 

Perner, 1994, Onishi and Bailargeon, 2005, Southgate et al., 2007, Surian et al., 

2007, Scott et al., 2010, Southgate et al., 2010, Senju et al., 2011b, Luo, 2011, Low 

and Perner, 2012, Thoermer et al., 2012, Low and Watts, 2013, Buttelmann et al., 

2014, Southgate and Vernetti, 2014, Buttelmann et al., 2015, Scott et al., 2015).  

Such methods could prove fruitful in better characterizing the limits of 

theory of mind skills in primates. To date, only two published studies have used 

spontaneous-gaze false belief tasks with nonhuman primates. Both failed to 

replicate with monkeys the results with infants, despite monkeys’ success in true 
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belief conditions (Marticorena et al., 2011, Martin and Santos, 2014). However, a 

growing body of work has begun to use eye-tracking paradigms with nonhuman 

apes, demonstrating the promise of these methods (e.g., Kano and Tomonaga, 

2010, Hattori et al., 2010, Kano and Tomonaga, 2011, Myowa-Yamakoshi et al., 

2012, Kano and Call, 2014a, Kano and Call, 2014b, Kano and Hirata, 2015, Kano 

et al., 2015). In most of these studies, apes view through a transparent Plexiglas 

panel video or picture stimuli presented on a monitor just outside of their 

enclosure. An eye-tracker, attached to the monitor, records the subject’s gaze as 

he views the stimuli. Subjects remain relatively still during viewing because they 

are allowed to drink juice through a nozzle. This procedure allows apes’ gaze to 

be noninvasively recorded with high accuracy. As long as stimuli are relatively 

short (i.e., ideally under 45 seconds) and the content is interesting to the apes, 

most subjects will pay attention throughout the duration of the video. 

Critically, several studies have already shown that great apes make 

anticipatory looks, predicting agents’ actions based on an understanding of their 

goals or based on memory of past events (Kano and Call, 2014b, Kano and 

Hirata, 2015, Myowa-Yamakoshi et al., 2012). Recently, Krupenye et al. (in 

preparation-a) performed the first spontaneous-gaze false belief task based on 

anticipatory looking with a large sample of chimpanzees, bonobos, and 
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orangutans. In two novel scenarios, apes predicted that an agent would search 

for a hidden object where he falsely believed it to be, even though participants 

knew that the object was no longer there. These data provide initial evidence that 

at least an implicit understanding of others’ false beliefs may not be unique to 

humans. Although future research must confirm whether apes’ ability to 

correctly predict the actions of an agent holding a false belief is based on level 2 

perspective-taking, it is clear that anticipatory looking paradigms represent a 

powerful new tool for investigating the social cognitive skills of nonverbal 

populations. Future work should continue to adapt these methods to examine 

not only false belief understanding but also other theory of mind skills that have 

been difficult to assess using traditional, more cognitively demanding methods. 

 

5.5 How did human social cognition evolve? 

 Once a species’ cognitive phenotype has been characterized, the challenge 

becomes figuring out how it got that way. Tinbergen (1963) offered two 

approaches for understanding the ultimate origins of a behavior or cognitive 

ability: phylogeny and function. The first involves determining the phylogenetic 

distribution of a cognitive trait, with the aim of reconstructing the ancestral states 

of the trait through parsimony. For example, if all great apes, humans included, 
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share a cognitive skill that is not found in monkeys, that skill most likely evolved 

once, 13 to 18 million years ago, in the common ancestor of all great apes. It is 

much less likely that the skill evolved independently in each great ape species. 

Many social cognitive skills, such as implicit false belief understanding, appear 

to be restricted to the great apes and likely evolved in their common ancestor 

(Krupenye et al., in preparation-a). Other traits, such as third-party knowledge 

and basic visual perspective-taking skills, are distributed much more broadly 

across primates (Cheney and Seyfarth, 1990, Flombaum and Santos, 2005, 

Cheney and Seyfarth, 2007, Drayton and Santos, 2014). These skills likely evolved 

much earlier, perhaps even multiple times in different taxa. 

 Recently, some studies have begun to link phylogeny with function 

(MacLean et al., 2012). These studies investigate across species, relationships 

between potential selective pressures (such as dietary or socio-ecology) and the 

presence or absence of (or variation in) a trait in question. The two most 

prominent hypotheses that have been developed to explain cognitive evolution 

are the ecological intelligence hypothesis and the social intelligence hypothesis. 

The ecological intelligence hypothesis postulates that cognitive complexity in 

primates evolved as a result of demands from the ecological environment 

(Clutton-Brock and Harvey, 1977, Milton, 1988). Such demands may include diet 
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(Clutton-Brock and Harvey, 1977, Milton, 1988), predation (Hill and Lee, 1998, 

Byrne and Bates, 2007), foraging efficiency (Pollard and Blumstein, 2008), 

technical foraging challenges (King, 1986), seasonality (Deaner et al., 2003), or 

how males and females are distributed (Wrangham, 1980). As described 

previously, the social intelligence hypothesis instead implicates the challenges of 

social living as the principal driver of cognitive evolution. 

Studies that integrate phylogenetic and functional approaches have begun 

to explore variation in performance on cognitive tasks between species, on a 

range of scales. The first attempts at phylogenetic comparative psychology 

investigated two or three closely related species to determine, for example, 

whether species that live in larger social groups exhibit greater social cognitive 

skill (e.g., Bond et al., 2003, Maclean et al., 2008, Sandel et al., 2011, Maclean et al., 

2013). Recently, however, phylogenetic cognitive comparisons have been 

undertaken at unprecedented scales (Burkart et al., 2014, MacLean et al., 2014). 

For example, MacLean et al. (2014) tested 36 different species on two tasks 

designed to measure their inhibitory control skills. They found that absolute 

brain size and, within primates, dietary breadth positively predicted 

performance on inhibitory control tasks. By identifying the ecological pressures 

that co-vary across species with cognitive skill, one can infer the function of the 
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trait. For example, that dietary breadth was positively associated with inhibitory 

control suggests that inhibitory control may have evolved, at least in part, in 

order to solve foraging challenges. Phylogenetic comparative psychology is just 

in its infancy. Future broad phylogenetic comparisons will surely make 

significant contributions by harnessing this unprecedented mechanism for 

testing hypotheses about both the evolutionary history of cognition and the 

selective pressures that shaped cognitive abilities across taxa (MacLean et al., 

2012). 

 The other approach to test hypotheses about function is to investigate the 

proximate and ultimate benefits of a trait among individuals in wild populations 

(Clutton-Brock, 1988, Seyfarth and Cheney, 2015). Finding, for example, that 

variation in a trait is heritable and is associated with higher reproductive success 

provides strong evidence that selection is acting on that trait (Endler, 1986), and 

linking cognition to proximate benefits can reveal the trait’s function and the 

proximate mechanisms through which the trait provides a selective advantage. 

This approach is common in biology. However, it has only rarely been applied to 

the study of cognition, and almost exclusively in fish and birds (e.g., White et al., 

2010, Boogert et al., 2011). 
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Indeed, those studies that have measured cognition in wild primates have 

generally only speculated about function (e.g., Cheney and Seyfarth, 1990, 

Bergman et al., 2003, Crockford et al., 2007, Cheney and Seyfarth, 2007). 

Meanwhile, the few studies that have found empirical links to measures of 

reproductive success have almost universally used potentially cognitively 

sophisticated behavior as a proxy for cognition (Duffy et al., 2007, Schulke et al., 

2010, Gilby et al., 2013a, le Roux et al., 2013). For example, a few studies have 

linked centrality in coalitionary networks to reproductive success (Schulke et al., 

2010, Gilby et al., 2013a), and one study linked deceptive behavior to mating 

success (le Roux et al., 2013). Before one can make strong claims that these 

studies provide evidence for the selective advantage of social cognition, one 

must, at a minimum, demonstrate that the purported social cognitive skills are 

utilized in these contexts. More importantly, the strongest claims can only be 

made by demonstrating empirical links between controlled measures of 

cognitive skill and differential reproductive success or the attainment of 

proximate benefits. 

In Chapter 4, we provided some of the first evidence consistent with an 

empirical link between cognitive ability and attainment of proximate benefits. 

We showed, first, that wild chimpanzees appear to rely on third-party 
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knowledge to determine which coalition partners to solicit, and, second, that 

chimpanzees who do so are more likely than others to escape aggression. That is, 

chimpanzees may experience immediate proximate benefits following the 

application of third-party knowledge, providing evidence for the influence of 

proximate mechanisms consistent with the social intelligence hypothesis. Studies 

like these provide the strongest tests of hypotheses about the adaptive value of 

intelligence, and, along with phylogenetic comparisons, should be prioritized 

among future research directions. 

Existing evidence for how intelligence evolved in humans is much more 

meager than work aimed at characterizing what is unique about human 

cognition. This limited work has identified social competition, prosocial 

relationships, and feeding ecology as potentially key drivers in primate evolution 

(e.g., Chapter 4, Silk, 2007, MacLean et al., 2014, Pusey, 1997, Wroblewski et al., 

2009). However, future efforts will be necessary to further test the influence of 

these and other potential selective pressures on the distribution of cognitive 

abilities across species, and on differential reproductive success within wild 

populations. 
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5.6 Integrating Experimental and Observational Approaches 

The present dissertation showcases the value of integrating experimental 

and observational data to investigate the evolution of cognition in humans and 

other animals. Observational work is necessary to identify behavior that may 

reflect rich cognitive phenomena, to characterize the natural ecology of this 

behavior, and to inspire ecologically relevant experimental paradigms that may 

be used to isolate the phenomena. Controlled experiments in turn are necessary 

to rule out alternative explanations and determine whether the observed 

behavior does indeed reflect the hypothesized cognitive mechanism. Returning 

to the wild then permits exploration of the adaptive value of the cognitive trait.  

Following observations of partner choice behavior in wild apes that may 

reflect third-party knowledge (e.g., Gilby et al., 2013a, Slocombe and 

Zuberbuhler, 2007, Wittig and Boesch, 2010), we have developed controlled 

experiments to investigate apes’ propensity for tracking third-party interactions 

and using that information in partner choice (Chapter 3). We then used data 

from the field to develop proxies for social cognitive ability that control for as 

many alternative explanations as are permitted by the nature of the data 

(Chapter 4). While we cannot completely rule out some alternative explanations 

because these data are observational, the variety of findings indicating that apes 
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exploit third-party knowledge in controlled experiments (e.g., Chapter 3, 

Herrmann et al., 2013, Russell et al., 2008, Subiaul et al., 2008, Wittig et al., 2014b) 

and the controls that we were able to implement suggest that our data may 

reflect the same underlying cognitive phenomenon. Using our proxy for social 

cognitive ability, we were then able to test for an empirical link between this 

proxy and the attainment of proximate benefits (Chapter 4). As they have often 

proven fruitful in the past, the use of observational data to inform experimental 

approaches and the use of experimental data to guide field studies will continue 

to provide the most powerful contributions to our understanding of animal 

minds and how they evolved (Hare, 2001, MacLean et al., 2012, Seyfarth and 

Cheney, 2015). 
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