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Abstract 

Cooperation is the foundation of human society, yet our understanding of its evolutionary 

origins and underlying mechanisms remains limited. This review draws on intergroup 

encounters in our closest evolutionary relatives, chimpanzees (Pan troglodytes) and bonobos 

(Pan paniscus), to better understand the evolutionary pressures and processes that shaped 

human cooperation. In chimpanzees, parochialism is demonstrated by in-group bias and 

coalitionary aggression against rival groups. Chimpanzee parochialism is reinforced by social 

behaviors within groups, such as fission-fusion dynamics and strong social ties, driven by the 

fitness benefits – in terms of increased female fecundity– of territorial expansion. By 

contrast, bonobos cooperate with unrelated strangers from different groups, supported by 

female coalitions and sociosexual behavior within and between groups, because reduced 

aggression increases mating opportunities. Physiologically, the oxytocinergic system is 

crucial in regulating intergroup interactions in chimpanzees, but not in bonobos. Instead, the 

serotonergic pathway plays an important role in reinforcing bonobos’ cooperative tendencies. 

Human cooperation encompasses extreme forms of both parochialism and cooperation with 

strangers, raising the question of how we evolved these seemingly contradictory tendencies. 

The self-domestication hypothesis offers a plausible evolutionary framework, suggesting that 

selection against reactive aggression has led to increased prosocial and cooperative 

tendencies. Further research into the cognitive basis of cooperation in bonobos and 

chimpanzees, as well as genetic comparisons between humans and known domesticated 

species, can help clarify the roots of our uniquely cooperative nature. 
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1. Introduction 

 

From cells to organisms and individuals to societies, cooperation is a tenet of biology. Across 

taxa, groups of individuals work together for mutual fitness benefit (Cornwallis, 2018; 

Hudson & Trillmich, 2008; Sachs et al., 2004). Human cooperation is unmatched in scale 

(Melis & Semmann, 2010) and drives our success as a species (Bowles, 2006). Social welfare 

programs, divisions of labor, large-scale conflicts, trade, shared moral standards and political 

systems all demand group-level cooperation and serve as the basis of our societies. Whether 

in diplomacy and altruism or warfare and genocide, humans cooperate within groups to 

achieve their desired aims. Without cooperation, civilization would crumble. To understand 

human behavior and society, we must understand human cooperation. 

 

However, the adaptive function of cooperation among humans remains unclear (Fehr & 

Fischbacher, 2003; Apicella & Silk, 2019). If selection favors traits that confer selfish fitness 

benefits, why do humans go to great lengths to help strangers, or sacrifice themselves for 

another? Moreover, the mechanisms and evolutionary origins of complex cooperation, 

especially between unrelated individuals, are yet to be fully understood. This review thus 

investigates how inter and intragroup cooperation during intergroup encounters in bonobos 

and chimpanzees can help illuminate the function, origins and mechanisms of human 

cooperation. 

 

Being our closest evolutionary relatives, with whom we share a recent ancestor roughly 5-7 

million years ago (Prüfer et al., 2012), chimpanzees (Pan troglodytes) and bonobos (Pan 

paniscus) offer a window into our past. They form complex societies and demonstrate 

cooperative behaviors that mirror some of those observed in humans. For instance, groups of 

chimpanzees are highly cooperative during intergroup conflicts, displaying lethal aggression 

and strong in-group cohesion, similar to human warfare (Mitani et al., 2010; Mitani & Watts, 

2005; Wrangham & Glowacki, 2012; Lemoine et al., 2023). In contrast, bonobo intergroup 

encounters often involve tolerance and cooperation towards members of an out-group, 

otherwise characterized as out-group prosociality, which resembles the human tendency to 

cooperate with strangers (Tan & Hare, 2013a). By comparing bonobo and chimpanzee 

cooperation during socially complex intergroup encounters we can understand the selective 

pressures that enable the evolution of highly cooperative societies. Furthermore, comparisons 
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of the behavioral and endocrinal mechanisms facilitating cooperation in bonobos, 

chimpanzees and humans can help us understand the processes that make humans so uniquely 

cooperative.  

 

2. Chimpanzees: Warfare and Parochialism 

 

Parochialism, the tendency for in-group bias and out-group hostility, is clearly demonstrated 

in chimpanzees. When coupled with their high degree of territoriality, parochialism leads to 

hostile intergroup encounters with neighboring communities (Samuni et al., 2021a). 

Coalitionary aggression among chimpanzees warrants attention due to the complex sociality 

and high-level cooperation involved, as well as the implications for understanding the 

evolution of parochial cooperation in humans. 

 

2.1. Coalitionary Attacks and Strategies 

 

2.1.1. Patrols and Warfare 

 

Since they were first observed in the 1970s, coalitionary attacks among chimpanzees have 

been used to draw parallels with human warfare. Lethally aggressive encounters are prevalent 

in chimpanzee societies, who compete with neighboring rival groups over territory, females 

and food (Thompson et al., 2017; Feldblum et al., 2018; Kelly, 2005; Sandel & Watts, 2021; 

Pusey et al., 2007). Intergroup conflict is followed by territorial expansion into the ranges of 

defeated neighboring groups (Mitani et al., 2010) and often leads to infanticide (Muller & 

Mitani, 2005; Lemoine et al., 2022). The consequent expansion of feeding ranges leads to 

fitness benefits for the attackers such as increased feeding ranges and improved female 

fecundity [see Section 3.2]. Intense intergroup competition likely acted as a selective pressure 

that favored parochialism, facilitating the evolution of coalitionary aggression against out-

groups despite the potential costs of violent intergroup encounters, such as energy, injury or 

even death (Gilby et al., 2013; Amsler, 2010).  

 

The extreme coordination and cohesion demonstrated by groups of chimpanzees during 

intergroup conflicts is such that individuals who are safe from rivals at times rush forwards to 

defend in-group members attacked by a rival group (Boesch et al., 2008). Encounters with 
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rival groups are usually preceded by collective border patrols (K. E. Langergraber et al., 

2017; Mitani & Watts, 2005; D. P. Watts et al., 2006). Predominantly male coalitions patrol 

territorial boundaries, moving long distances in a single-file line with little socialization or 

feeding (Mitani et al., 2010; Mitani & Watts, 2005). The extent of female involvement in 

intergroup encounters varies across populations (Lemoine et al., 2022), but even when 

participating in patrols, they often act as bystanders during attacks (Muller & Mitani, 2005). 

Patrolling coalitions slowly and cautiously tread towards border areas, often silent (which is 

an unusual state for a typically vocal species), highly alert, frequently stopping to sniff the 

ground for the feces and food remnants of out-group chimpanzees, or listen for signs of rivals 

(D. Watts & Mitani, 2001; Samuni et al., 2017). Patrollers actively seek vulnerable rival 

groups and will often lethally attack neighboring groups without provocation (Wrangham & 

Glowacki, 2012). Yet chimpanzees are not averse to the risks of aggression. The difference in 

numerical strength of neighboring groups, known as the imbalance of power, determines the 

decision to attack (Wrangham & Glowacki, 2012). Some mathematical models suggest 

chimpanzees do not enter conflict unless they outnumber rivals by a factor of at least 1.5 (M. 

L. Wilson et al., 2002). Patrollers demonstrate a tendency for low-risk attacks where they 

outnumber their opponents, capitalizing on safe opportunities to attack vulnerable neighbors. 

 

2.1.2. The Strategy of Warfare 

 

Since the imbalance of power determines the collective decision for a coalitionary attack, 

chimpanzees have a number of behavioral adaptations aimed at collecting information on 

their potential rivals. The subsequent adjustments in decision-making based on the available 

knowledge serve as risk-reduction tactics for the attackers. For instance, chimpanzees assess 

the numerical strength of rivals from a distance by listening to their vocalizations in order to 

decide whether to attack (M. L. Wilson et al., 2002; Herbinger et al., 2009; M. L. Wilson et 

al., 2001; M. Wilson et al., 2007). Moreover, a study by Lemoine et al. demonstrated that 

chimpanzees strategically employ topological advantages like high elevation to gather 

information about rivals (Lemoine et al., 2023). Based on this knowledge, they make low-risk 

travel decisions, particularly around dangerous areas such as territorial boundaries. 

Chimpanzees are more likely to rest at high elevations (Lemoine et al., 2023), a behavior that 

allows for the detection of surrounding rival chimps by hearing, unlike noisier travelling or 

feeding. Importantly, high-elevation resting is more likely near borders than in central parts 

of a territory (Lemoine et al., 2023), indicating that the potential presence of rivals impacted 
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resting time and frequency. High elevation tactics serve primarily to detect the distance to 

rivals rather than their number, which impacts groups’ travel decisions. Group travel patterns 

minimize the likelihood of territorial conflict; for instance, far-away rivals promote the 

collective decision to advance (Lemoine et al., 2023). 

 

2.1.3. Human Applications 

 

Chimpanzees’ risk-reducing tactics are remarkable, both in their complexity and their 

similarity to the strategy of human warfare. In hunter-gatherer and more recent agricultural 

societies, human warfare has similarly favored low-risk attacks, often using high-elevation or 

ambushes to strategically reduce risk of injury when attacking a rival group (Wrangham & 

Glowacki, 2012; Harmon et al., 2004; Titterton, 2022). The employment of these strategies 

among chimpanzees suggests that high-elevation and risk assessment tactics may have played 

an important role in intergroup competition from our common ancestor with chimpanzees 

through human evolution. However, the evolution of coalitionary aggression somewhat 

differs between humans and chimpanzees, because cultural systems of reward and 

punishment in humans, such as group-imposed fines and corporal punishment of free-riders, 

promote greater risk-taking during intergroup conflicts (Mathew & Boyd, 2011; Glowacki & 

Wrangham, 2013). Human attackers are thus more likely to be injured or killed during 

intergroup aggression than are chimpanzees in equivalent events (Wrangham & Glowacki, 

2012). 

 

The behavioral adaptations of chimpanzees can shed light on the evolution of complex social 

cognition. Since coordinated decisions to implement risk-reducing tactics require demanding 

cognitive abilities, it has been hypothesized that warfare drove the evolution of brain size and 

cognition in humans and chimpanzees (Tooby & Cosmides, 2025; Johnson, 2015). Moreover, 

chimpanzees demonstrate the importance of intergroup competition in driving in-group 

cooperation and solidarity. Our understanding of cooperative behaviors and chimpanzee 

societies could benefit from further research studying the cognitive underpinnings of their 

capacity for collective decision-making and coalitionary movements, such as the extent to 

which they understand the intentions or purposes of conspecifics. 
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2.2. Mechanisms of Coalitionary Conflict: Fitness Benefit, Fission-fusion and 

Social Ties 

 

2.2.1. Lethal Coalitionary Aggression Improves Female Fecundity 

 

Although some have suggested that coalitionary aggression might be the result of human 

encroachment on chimpanzee territories, there is growing evidence that the territorial 

expansion that follows the defeat of neighboring communities is adaptive (Mitani et al., 2010; 

M. L. Wilson et al., 2014; Muller & Mitani, 2005). Since group territoriality constrains access 

to resources, there are fitness benefits associated with dominating neighboring communities 

to expand territory. In terms of reproductive success, territorial expansion has at least two 

possible functional explanations. First, home range expansion could lead to the acquisition by 

males of additional females, thus providing fitness benefits to males by reducing competition 

for mates and increasing the likelihood that males are reproductively successful. Second, it 

could improve access to resources, which in turn improves female fecundity, therefore 

conferring fitness benefits to both males and females. Observational data of males attacking 

unfamiliar females, especially those with reduced reproductive capacity (Williams et al., 

2004), favors the latter explanation. Although increased range size is associated with greater 

food availability, it does not automatically result in an increased number of females 

(Williams et al., 2004). Instead, increased food availability confers fitness benefits by 

increasing female reproductive rates (M. L. Wilson & Wrangham, 2003). Moreover, the 

theory that coalitionary aggression serves to improve female fecundity, both a male and 

female fitness benefit, explains female engagement in patrols and intergroup conflicts. If 

home range expansion served for in-group males to acquire additional females, then 

coalitionary aggression would only benefit in-group males, failing to account for the 

participation of in-group females in intergroup conflicts. Therefore, while larger ranges may 

indirectly attract more females, the immediate consequence of territorial expansion is greater 

feeding territory and protection from sexual harassment for resident females (Williams et al., 

2004). Rather than joining the aggressors’ community, females living in shrinking territories 

will often adjust their ranges to stay within new borders (Williams et al., 2002). The selective 

benefit of improved female reproductive rates may have favored the evolution of warfare and 

territorial expansion in humans as well, thereby favoring the evolution of our tendency for 

parochialism.  
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Yet chimpanzees’ engagement and success in group-level aggression hinges on the 

possibility of ‘cheap victory’, which is reliant on social cohesion and cooperation, because 

these traits reduce the costs of aggression. Therefore, it is crucial to understand the various 

mechanisms that enable the development of collective action and cooperative behaviors. This 

is especially true in the case of chimpanzees in this context, where cooperation involves 

complex sociality and extremely costly aggressive behavior. 

 

2.2.2. Fission-fusion Dynamics and Social Bonds Reinforce In-Group Cohesion  

 

In fission-fusion societies, the size and composition of social groups are fluid, with groups 

dynamically merging (fusion) or splitting (fission) (Madsen & De Silva, 2024). Fission-

fusion enables flexible adjustments to group dynamics depending on ecological factors such 

as predation, food availability, or increased intergroup competition. When coupled with 

group territoriality, fission-fusion social structure in chimpanzees (Arcadi, 2018) favors the 

evolved tendency for lethal coalitionary aggression. During times of increased territoriality, 

individuals demonstrate reduced modularity (greater cohesion) by associating into larger 

parties and displaying a lesser tendency to fission (Samuni et al., 2020; Samuni et al., 2017). 

Fission-fusion contributes to intergroup conflict by enabling the formation of an imbalance of 

power between rival groups. As explained above, numerical asymmetry significantly reduces 

risk of harm or injury for aggressors during intergroup conflicts and therefore determines 

willingness to attack (M. L. Wilson & Wrangham, 2003; Wrangham & Glowacki, 2012). 

When a community fissions into subgroups (eg. for foraging), they become vulnerable to 

attacks from larger ranging parties in neighboring groups, such as those on patrol (Lemoine et 

al., 2022). The capacity to rapidly aggregate large, cohesive patrols in anticipation of conflict 

gives rise to the imbalance of power necessary for intergroup violence to occur. As a result, 

fission fusion social structure could exert a selective pressure favoring in-group cohesion and 

parochialism, because groups with weaker cohesion and increased tendency to fission face 

greater threat from neighboring ranging parties. Fission-fusion further supports in-group 

cohesion by enabling chimpanzees to form smaller foraging parties when food is scarce 

(Riedel et al., 2011), thereby reducing intragroup competition over food and facilitating 

stronger in-group cohesion. Hunter-gatherer societies, like chimpanzees, form fission-fusion 

groups (Marlowe, 2005) and seek cheap victories during intergroup conflict (Wrangham & 

Glowacki, 2012). Therefore, it is likely that fission-fusion played a similar role in creating the 
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conditions for imbalances of power in hunter gatherers, enabling the evolution of human, 

group level warfare and parochial cooperation.  

 

Moreover, fluid group dynamics facilitate repeated interactions between individuals, forming 

in-group social ties that are crucial for parochial cooperation and cohesive engagement in 

coalitions. In chimpanzees, the likelihood of an individual to participate in an intergroup 

encounter can be predicted by the number of maternal kin and social bond partners present 

(Samuni et al., 2021b). Ngogo chimpanzees are more likely to patrol together with maternal 

brothers (K. E. Langergraber et al., 2007) or males they groomed with more (D. Watts & 

Mitani, 2001). However, kinship has a limited influence on overall cooperation in 

chimpanzees; most cooperative dyads are non-kin, and paternal brothers do not selectively 

cooperate (possibly because they cannot reliably recognize each other) (K. E. Langergraber et 

al., 2007). Nonetheless, any effect of kin presence is predictable given the fitness benefits that 

can be conferred through kin selection; the same mechanism facilitates coalitionary conflict 

in eusocial insects like ants (Keller & Chapuisat, 1999). Yet the effect of social bond partners 

is more notable, as it points to the role played by intragroup sociality and male philopatry in 

facilitating cooperation. Strong social ties between unrelated individuals are the primary 

social factor influencing cooperation (Mitani et al., 2000; K. Langergraber et al., 2009a). 

Similarly, group cooperation in humans often occurs primarily between unrelated individuals 

(Melis & Semmann, 2010). In chimpanzees, kin and social bond partners, especially male-

pair bonds, more frequently support one another in grooming, food sharing or agonistic 

support (Samuni et al., 2018; Mitani, 2009; K. Langergraber et al., 2009b; Wittig, Crockford, 

Langergraber, et al., 2014). Social ties create a stable interaction history of increased 

reciprocal exchange. These social exchanges help mediate within-group competition and 

establish predictable reciprocity between bond partners, likely reducing the risk of defection 

during intergroup conflict (Samuni et al., 2021b). Group-level cooperation, involving both 

kin and non-kin, arises out of a network of social bonds facilitating reciprocity and, in turn, 

collective action. Yet group territoriality demands cooperation between individuals with 

varying social relationships, whether they be strong social ties or dyads that barely interact. 

Since both human and chimpanzee in-group cooperation occurs between unrelated 

individuals, we may share the same physiology underlying parochial cooperation.  

 

Parochial altruism has defined much of the history of human conflict; war, genocide and 

racial discrimination often arise out of a hatred for the out-group and a sense of solidarity 
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with the in-group (Choi & Bowles, 2007; Ross & Pisor, 2025). Could understanding the 

mechanisms of parochialism in chimpanzees may help us navigate these societal ills? It is 

unlikely that chimpanzee intergroup aggression can be applied as a direct comparison to 

warfare because the frequency, style and causes of human warfare significantly vary 

depending on cultural context, often driven by motives not demonstrated in chimpanzees, 

such as revenge (Wrangham & Glowacki, 2012). Instead, it might be more productive to 

apply our understanding of chimpanzees to understand the evolutionary origins of parochial 

cooperation, a social phenomenon that defines intergroup interactions in humans.  

 

3. Self-Domestication and Cooperation with Strangers in Bonobos 

 

The human capacity for cooperation with unrelated out-group members has long been 

considered an evolutionary puzzle (Fehr & Fischbacher, 2003; Nowak & Sigmund, 2005; 

House et al., 2020) and a uniquely human behavior, often explained in relation to our cultural 

and linguistical practices (Fehr & Fischbacher, 2003; Apicella & Silk, 2019). Yet are these 

cooperative behaviors truly unique to humans? Bonobos share some of our cooperative 

capacities and can provide insights into the evolutionary foundations of human cooperation 

across social borders. 

 

3.1. Observational Evidence 

 

3.1.1. Bonobos Cooperate with Unrelated, Out-Group Strangers 

 

Similarly to humans, bonobos demonstrate cooperative tendencies towards unrelated, out-

group members with no immediate returns (Samuni & Surbeck, 2023; Tan & Hare, 2013b). 

Bonobos are especially cooperative towards out-group individuals who also demonstrate high 

cooperative tendencies (i.e. cooperative assortment). Their social structure facilitates frequent 

interactions between individuals from different groups (Samuni et al., 2022), thereby 

enabling the accrual of social knowledge about the cooperative tendencies of out-group 

individuals. As a result, bonobos can establish relationships of predictable reciprocal 

exchange across groups, leading to cooperative assortment. However, cooperative behaviors 

such as food sharing, despite high energetic costs, have a high uncertainty of reciprocation. In 

a recent study, among the 28 between group, food-sharing dyads observed only 4 exhibited 
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reciprocation (Samuni & Surbeck, 2023). Notably, kin selection (where behaviors are 

selected due to their reproductive benefit to genetic relatives) is unlikely to play a role in 

bonobo cooperation, since only 6% of the individuals studied were second-degree relatives or 

higher (Samuni & Surbeck, 2023). Despite the unpredictability of fitness benefits or 

reciprocity, out-group food sharing is widely maintained among bonobos. 

 

Intergroup tolerance and cooperation have been further identified in other contexts. Highly 

social intergroup encounters include instances of out-group members intermingling, playing 

and sometimes displaying affinitive behaviors such as genital rubbing or copulation (Itani, 

1990; Hare et al., 2012). The home ranges of bonobo groups, such as those at Wamba, 

significantly overlap, leading to temporary group fusions where social units move and forage 

together for hours or sometimes even days (Furuichi, 2011; Itani, 1990). Even after months or 

years of separation, distinct social groups demand little more than play and sexual affiliation 

to reintegrate (Hare et al., 2012). Females play an especially important role as the mediators 

of intergroup tolerance. Tension during intergroup encounters is eased by female affinitive 

behaviors with the out-group, which are far less frequent among males. Moreover, females, 

especially those who have never given birth, often transfer between groups (Itani, 1990). 

Although males are philopatric, immigration of new females, or even infants, is frequent and 

generally occurs without incident (Hare et al., 2012; Itani, 1990). Unlike chimpanzees, there 

are no records of infanticide among bonobos (Furuichi, 2011); in fact, bonobos have been 

observed to adopt infants from different social groups (Tokuyama et al., 2021). Adoption, 

play, sexual behavior and out-group prosociality all resemble human behaviors towards 

strangers from foreign groups (Blumenthal & Young, 2023; De Felice et al., 2023). 

 

3.1.2. The Roles of the Sexes 

 

Observations of bonobos at Wamba are crucial in pointing out noteworthy differences in 

male and female behavior during intergroup interactions. Although it is uncommon, males 

can selectively cooperate to attack out-group males, while out-group aggression among 

females is extremely rare; in fact, females sometimes form coalitions with out-group 

members to attack common targets (Tokuyama et al., 2019). Males compete across groups for 

mates, yet females are tolerant and cooperative, and their reproductive strategy does not 

involve intergroup aggression. Given that females are dominant in bonobos due to their 

ability to form stable coalitions (Surbeck et al., 2025), female superiority offers a means by 
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which bonobos maintain tolerant intergroup relations. Although females are the more 

cooperative sex, males are still prosocial and establish social bonds with males from different 

groups. Males do not bias their grooming towards the in-group and often sacrifice time 

available to affiliate with the in-group to affiliate with out-group individuals, especially other 

males (Cheng et al., 2022). In humans, the role of females versus males in facilitating 

cooperation during intergroup contexts is largely unknown. In contrast to bonobos, humans 

are patriarchal (Zhu & Chang, 2020), suggesting that comparisons of cooperative societies 

between these species may be limited. Yet it is uncertain whether male dominance is an 

inherent trait of human society; perhaps, female dominance among bonobos could suggest 

otherwise – patriarchy is not evolutionarily inevitable. Although cultural norms and sex-

based social roles make it difficult to study the inherent nature of male and female roles in 

human society, further research into female coalition formation in humans’ evolutionary past 

could help us understand whether human societies align with the dominance hierarchy and 

cooperative behaviors of bonobos.  

 

Although bonobos demonstrate highly prosocial tendencies towards out-groups, it is 

important to dispel misconceptions that their societies are invariably cooperative and 

peaceful. Both within and between groups, female coalitions may attack and injure males 

(Vervafcke et al., 2000; Tokuyama & Furuichi, 2016), and bonobos are at times intolerant of 

out-groups, even though they tend not to attack them (Hohmann, 2001). Like chimpanzees, 

bonobos can exhibit group territoriality and intergroup hostility (Moscovice et al., 2022), and 

they display reduced intragroup aggression during intergroup associations (Tokuyama et al., 

2019). These hostile encounters, however, very rarely result in physical aggression (Hare et 

al., 2012). Thus, while bonobo aggression is less severe than in chimpanzees, bonobos are far 

from being completely non-aggressive. 

 

The fact that bonobos demonstrate cooperation with strangers, previously considered a 

notoriously human trait, shows that social norms, complex language systems, marriage 

unions, kin selection and kin recognition are not required for the evolution of such 

cooperation. However, the direct parallels to be drawn with humans are limited, because 

humans exhibit cooperation across social borders on a far larger scale than bonobos, whose 

out-group cooperation is often dyadic (Samuni & Surbeck, 2023). Nonetheless, bonobos can 

offer an insight into the evolutionary origins of human out-group cooperation. This review 

puts forward the self-domestication hypothesis as the most plausible explanation for highly 
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prosocial tendencies in bonobos and suggests that self-domestication provides a viable 

account of human prosociality. 

 

3.2. The Self-Domestication Hypothesis  

 

3.2.1. Bonobos: A Case Study for Self-Domestication 

 

The self-domestication hypothesis posits that bonobos have undergone selection against 

aggression, which has led to the evolution of reduced in-group favoritism and an increase in 

prosociality towards others, both within and between groups. Behavioral observations of the 

domestication syndrome in bonobos provide evidence in support of self-domestication. For 

instance, bonobos share resources with non-selfish interests, helping others even without a 

request for help or when no desirable social relationship could be formed (Tan & Hare, 

2013b; Tan et al., 2017). Moreover, bonobos voluntarily forego their own food in order to 

interact with strangers (Tan & Hare, 2013b). When unrelated bonobos were given the choice 

to either monopolize or share food, they preferred to release a recipient bonobo from an 

adjoining room to share food resources, even though neither kin selection nor conspecific 

harassment were involved in their decision (Hare & Kwetuenda, 2010). Yet it would be an 

oversimplification to suggest that selection has enabled out-group cooperation by favoring an 

overall increase in prosocial tendency. Bonobos’ tendency for cooperative assortment 

(selective cooperation with those likely to reciprocate) suggests that cooperation across social 

borders is formed by discriminatory social ties, rather than indiscriminatory non-aggression 

and prosocial tendency. For instance, females do not contribute to intergroup tolerance 

through unselective cooperation with out-group individuals, but rather through selective 

social ties within female coalitions. 

 

Yet how did selection favor a reduced propensity for aggression? Given that predation risk 

does not significantly differ between bonobos and chimpanzees, it was most likely ecological 

changes in feeding competition that better enabled female cooperation, which allowed the 

suppression of aggressive males (Hare et al., 2012). Proto-bonobos became isolated from 

proto-chimpanzees around a million years ago by the Congo river; bonobos are found 

exclusively to the south of the river, whereas chimpanzees live across West, East and Central 

Africa (Vigilant, 2007). A higher density of terrestrial food and the absence of gorillas to 
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compete over resources meant that feeding competition among bonobos became relaxed, 

allowing females to form coalitions (Hare et al., 2012). Despite male-biased sexual 

dimorphism, stable female coalitions could gain superiority by thwarting aggressive males 

(Surbeck et al., 2025; Furuichi, 2011; White & Wood, 2007). Moreover, the fitness benefits 

of male aggression are further reduced by extended female sexual receptivity (Reichert et al., 

2002). Due to a longer ovulatory period, males compete less intensely for mating 

opportunities, thus reducing sexual coercion and the monopolization of mates by domineering 

males. Increased mating opportunity means that each mating has a lower value, so the 

benefits of a high rank as a dominant male are reduced. As a result, males display decreased 

hostility to females in the mating context, and an absence of aggression towards females 

displaying high fertility (Surbeck & Hohmann, 2013). Since aggression harmed male fitness, 

male reproductive strategy shifted significantly. Less aggressive males, who avoided the 

costs of aggression and used kinship ties with their mothers in their natal communities to 

access females, received greater fitness benefits (Furuichi, 2011; Surbeck et al., 2011). Male 

aggression was rendered ineffective, and reduced aggression became a selective advantage. 

Consequently, males evolved phenotypes consistent with domestication.  

 

As reviewed by Hare et al., the phenotypic differences between bonobos and chimpanzee are 

analogous to the differences between domesticated species and their close, non-domesticated 

relatives (Hare et al., 2012). For instance, bonobos frequently engage in intensive play 

(Palagi, 2006; Palagi & Paoli, 2007) or sexual behavior, the majority of which occurs 

between same-sex partners and is thus non-conceptive (Moscovice et al., 2019; Moscovice et 

al., 2017). Compared to chimpanzees, bonobos have more gray matter in areas of the brain 

responsible for perceiving distress and a larger neural pathway involved in control of 

aggressive impulses as well as biases against harming others (Rilling et al., 2012). By 

supporting empathy in bonobos, these neural pathways enable the prevalence of sex and play 

in bonobos, therefore supporting their prosocial behaviors. Morphological traits such as 

reduced cranial size, reduced facial projection, reduced tooth and mandible size and delayed 

skull development are shared between bonobos and domesticates, further indicating the 

likelihood of self-domestication.  

 

3.2.2. Self-domestication in Humans 
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Is self-domestication a plausible account of human evolution? Compared to around 200,000 

years ago, contemporary humans have shorter faces, a 40% reduction in brow ridge 

projection in the skull and reduced sexual dimorphism, changes consistent with those found 

in domesticated animal species (Meijer, 2024). Moreover, humans share many of bonobos’ 

behavioral traits, such as the propensity to play, share food or behave altruistically to 

strangers (Bowles, 2006; Tan & Hare, 2013b; De Felice et al., 2023; Blumenthal & Young, 

2023). The extreme altricial nature of humans, expanded developmental period, and cognitive 

abilities for cooperative communication, are further indications of the domestication 

syndrome in humans (Hare, 2017). Further research into the parallels between humans and 

domesticates is needed to definitively establish whether self-domestication offers a viable 

explanation of human cooperation. 

 

If humans have undergone self-domestication, there is no indication that it emerged from 

strong female coalitions thwarting aggressive males, as it did in bonobos. Instead, human 

domestication most likely occurred through collective male conspiracies capable of subduing 

other domineering, bullying males, who used aggressive force to their advantage. As 

suggested by Wrangham, language-based conspiracy between lower-rank males enabled them 

to collectively expel, kill or subdue aggressive dominant males (Wrangham, 2019). 

Consequently, a high rank in the human male hierarchy stems from negotiation ability and 

alliance formation, rather than brute force. Yet it seems contradictory to suggest that reduced 

aggression emerged from collective action against aggressively dominant individuals, when 

collective acts of killing or expelling another individual are, by definition, aggressive. 

Moreover, human self-domestication seems difficult to reconcile with our propensity for war 

and mass violence. Here, it is important to distinguish between proactive (premeditated) 

aggression, such as warfare or execution, and reactive (impulsive) aggression, often displayed 

in unplanned fights over food or mates. These different types of aggression have separate 

neurobiological underpinnings and cannot be equated (Wrangham, 2018). The distinction is 

important, because selection has likely influenced these types of aggression independently. 

Fitness benefits gained by attackers during intergroup warfare or within-group executions do 

not have to undermine selection against reactive aggression. Through language and complex 

cognition, domineering males exhibiting reactive aggression were thwarted, making reactive 

aggression maladaptive. The long-term effect of killing, expelling and intimidating 

dominating individuals with a high tendency for reactive aggression is a reduction in reactive 

aggression. The question of whether humans are inherently aggressive is thus answered: 



 

 

15 

although we have a high tendency for proactive aggression, our inclination for reactive 

aggression is low. 

 

Studying cooperation in bonobos offers insights into the evolution of human cooperation and 

suggests the possibility that self-domestication could be prevalent in highly cooperative 

species. Further research into the genetic basis of the domestication syndrome in bonobos and 

other domesticates could be an avenue to identify genetic similarities in humans and other 

mammals, helping us determine the prevalence of self-domestication as an evolutionary 

pathway. 

 

3.3 Socio-sexuality: The Medium of Out-Group Cooperation 

 

Although self-domestication potentially explains the evolutionary pathway that favored 

reduced aggression in the long-term, it provides limited insight into the social mechanisms 

that maintain cross-border cooperation. Evidence suggests that sexual relations are a crucial 

social mech in facilitating cooperation. Sexual interactions among bonobos likely act to 

reduce social tension. Bonobos, as well as chimpanzees, have been shown to use genital 

contact in contexts of elevated social tension to prevent the escalation of conflict and diffuse 

tension (Brooker et al., 2025). Both species use affiliative contact more generally as a means 

of offering reassurance to others, such as towards a distressed victim after a fight or prior to 

feeding (in the context of potential competition) (Brooker et al., 2025). These means of 

reducing social tension are especially pronounced among bonobos. The majority of bonobo 

sociosexual behaviors do not serve a reproductive function (Moscovice et al., 2019), and 

likely help facilitate their cooperative behaviors (Moscovice et al., 2017; Brooker et al., 

2025). The frequency of sexual interactions between female and opposite sex pairs positively 

predicts the frequency of non-kin coalitionary support (Moscovice et al., 2019). Therefore, 

cooperation with strangers, outside of kinship and pair-bonds, is strongly facilitated by the 

proliferation of same-sex affiliative behaviors. In some cases, socio-sexual behavior plays a 

similar role in humans. In Ancient Sparta, for instance, pairs of Spartan soldiers were 

matched as each other’s’ concubines, in order to improve social cohesion and reduce within-

group hostility in the army (Bertosa, 2009). 
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4. The Role of Endocrinal Pathways as Proximate Mechanisms of 

Cooperation 

 

Since behavior is determined by neuroendocrine regulation, understanding cooperation within 

and between groups demands an understanding of its endocrinal pathways. Insights into the 

mechanisms of cooperation in our closest living relatives can help clarify the roots of 

cooperation in our evolutionary ancestors. Moreover, comparing proximate mechanisms of 

human cooperation to those of chimpanzees and bonobos could underpin an explanation for 

the uniqueness of human cooperation. 

 

4.1. The Oxytocinergic System Modulates Parochialism in Chimpanzees 

 

The oxytocinergic system, a neural pathway responsible for releasing oxytocin, is crucial in 

reinforcing parochial cooperation in the context of intergroup conflict. In chimpanzees, 

oxytocin is linked to prosocial behavior towards both kin and non-kin group members, such 

as grooming (Crockford et al., 2013) or food sharing (Wittig, Crockford, Deschner, et al., 

2014). Oxytocin more broadly modulates social memory, in-group cohesion and cooperation 

(Donaldson & Young, 2008; Insel, 2010; Arueti et al., 2013). Consequently, both before and 

after intergroup conflicts, where chimpanzees demonstrate extreme parochial cooperation and 

cohesion, they experience increased urinary oxytocin content (Samuni et al., 2017). Similarly, 

higher oxytocin levels were present before border patrol initiation (Samuni et al., 2017). 

Oxytocin reduces defection and strengthens in-group bias during coalitionary attacks, 

therefore enabling the cohesive behaviors displayed during intergroup encounters. Since the 

oxytocinergic system also underpins cohesion and parochial altruism in intergroup conflict in 

humans (De Dreu et al., 2010), it likely served to regulate parochialism in our common 

ancestor. In both humans and chimpanzees, the perception of an external, out-group threat 

draws individuals together into a cohesive unit, hostile to the out-group. 

 

4.2. Endocrinal Pathways of Out-Group Cooperation in Bonobos 

 

The serotonergic system plays a significant role in bonobo social tolerance. Compared to 

chimpanzees, bonobos have twice the density of serotonergic axons in the amygdala 
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(Stimpson et al., 2016), a region of the brain that regulates emotional responses and social 

decision-making (Šimić et al., 2021). Variation in serotonergic innervation affects reactivity 

to the social environment. Higher serotonin levels lead to decreased neuronal excitability in 

response to emotionally arousing contexts, including by dampening the ‘fight or flight’ 

response (Wolf et al., 2018; Stimpson et al., 2016). Serotonin’s suppression of hyper-

reactivity in the amygdala helps enable peaceful intergroup interactions in bonobos by 

increasing impulse control and inhibiting reactive aggression. Similarly, higher serotonin 

levels in humans promote social interaction, decreased aggression and impulse control 

(Young & Leyton, 2002; Colwell et al., 2024; Kiser et al., 2012). Given its role in facilitating 

prosociality, a developed serotonergic pathway is likely a key characteristic of self-

domestication. 

 

Peaceful intergroup interactions are further reinforced by testosterone activity during 

competition. In a controlled experimental setting, bonobos exhibited blunted testosterone 

responses in contexts of dyadic feeding competition, consistent with self-domestication and 

reduced male-male competition (Wobber et al., 2010). These findings are corroborated by 

observations of wild bonobos, where male testosterone levels did not rise during intergroup 

encounters, even when encounters were hostile (Cheng et al., 2022). Lower testosterone 

activity could contribute to reduced territoriality and improved out-group tolerance in male 

bonobos, thus aiding the formation of intergroup male-male pair bonds.  

 

4.3. The Endocrinal Basis for Variations in Intergroup Relations Between 

Chimpanzees and Bonobos 

 

Unexpectedly, oxytocin activity in bonobos, unlike in humans, does not increase in the 

presence of out groups nor does it regulate prosociality and intergroup tolerance (Cheng et 

al., 2025). Given the low threat posed by neighboring groups in bonobos, the presence of out-

groups does not necessitate the increased in-group cohesion and oxytocin activation 

demonstrated in chimpanzees. In bonobos, oxytocin stimulation is limited to within-group 

contexts such as grooming (Brooks et al., 2022) or female homosexual interactions, used to 

demonstrate social tolerance (Moscovice et al., 2019). The negligible influence of oxytocin 

activity during intergroup interactions in bonobos indicates a molecular basis for their 

behavioral differences with chimpanzees and highlights the role of oxytocin activity in 
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reinforcing parochialism. Since the oxytocinergic system has been highly conserved 

throughout evolution (Yamashita & Kitano, 2013), it likely played a crucial role in the 

evolution of parochial cooperation and warfare in humans. 

 

Variations in the vasopressin receptor gene, which strongly influence sociability (Walum et 

al., 2012; Ahern et al., 2021; Barrett et al., 2013), offer a genetic explanation for the 

behavioral differences between chimpanzees and bonobos. Unlike chimpanzees, all 

individuals in large bonobo sampling populations have retained the DupB region of the 

vasopressin receptor gene. The deletion of DupB is specific to chimpanzees and occurred 

after the sister-species diverged from one another (Staes et al., 2014). DupB contains a 

microsatellite known as RS3, which is linked to variation in social behavior (Yirmiya et al., 

2006; Nishina et al., 2019), and DupB’s deletion is associated with a reduction in sociability 

(Mulholland et al., 2020). While DupB deletion is not universal in chimpanzees, and 

behavioral traits such as cooperation are polygenic, the markedly lower frequency of the 

DupB region and RS3 microsatellite in chimpanzee populations points to a genetic basis for 

their aggressive tendencies (Staes et al., 2014). Similar genetic variations may determine 

human aggression and prosociality. Further research into these variations in humans, as 

compared to bonobos and chimpanzees, could therefore help reveal the genetic basis of 

human social cooperation and aggression. 

 

5. Conclusions 

 

Our closest evolutionary relatives provide a window into the nature, origins and mechanisms 

of human cooperation. Bonobos and chimpanzees each offer a perspective into one of the two 

seemingly contradictory behavioral tendencies that determine human intergroup relations: 

parochial aggression and cooperation with strangers.  

 

Parochialism in chimpanzees, where cooperation is based on in-group bias and out-group 

hostility, enables group territoriality and coalitionary aggression. Violent intergroup conflict 

in chimpanzees leads to territorial expansion, which increases female fecundity; this adaptive 

benefit likely led to the proliferation of warfare in hunter gatherers. Fission-fusion social 

structure, strong social bonds and the oxytocinergic system are among the key processes 

enabling in-group solidarity and collective action under threat. Several behaviors and 
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underlying mechanisms of parochialism are shared between humans and chimpanzees, and 

were therefore likely present in our last common ancestor.  

 

In contrast, bonobos display remarkable tolerance and prosociality towards strangers and out-

groups, where stable female coalitions mediate cooperation. Bonobos rely on affiliative 

behaviors, sexual interactions as well as serotonin and testosterone, not oxytocin, to mitigate 

aggressive competition both within and between groups. Their phenotypes are consistent with 

the self-domestication hypothesis, in which selection against aggression enabled the evolved 

tendency for out-group cooperation. Self-domestication offers a plausible explanation of 

human cooperation. Human self-domestication likely occurred by selection against reactive 

aggression, facilitated by our cognitive abilities for complex language and cultural 

institutions. However, further research is needed to affirm the self-domestication hypothesis 

in humans, including genomic and neurobiological comparisons with known domesticates. 

 

Although cognition is notoriously difficult to study, our understanding of bonobo and 

chimpanzee cooperation could significantly benefit from a greater consideration of their 

cognitive capabilities. Many of their cooperative behaviors require complex cognition, such 

as an understanding of the motives of others, or the ability to communicate intentions and 

make strategic decisions. If we could advance our knowledge of the neurobiological basis of 

cognition in chimpanzees and bonobos, we could identify relevant areas of research for an 

improved understanding of human neurobiology and social cognition. Such research would 

be applicable to our navigation of social interactions, including our capacity for theory of 

mind (the ability to ascribe mental states to others). 

 

Moreover, our knowledge of how chimpanzees and bonobos resolve conflicts of interest is 

incomplete. When individuals cooperate, particularly in the complex and costly manner of 

bonobos and chimpanzees, they must overcome their competing interests, demanding that 

individuals provisionally temper their competitive urges. Additional research on competing 

interests in these species, including through controlled experimental studies, could have 

implications for understanding human methods of resolving disputes. Settling conflicts of 

interests is crucial at all organizational levels of human society, whether it be international 

diplomacy or individual disputes. By examining human cooperation through the lens of 

intergroup encounters in our closest evolutionary relatives, we stand to better understand our 

societies, our interactions, and the broader animal kingdom. 
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