Review

Close social associations in animals and humans:
functions and mechanisms of friendship

Jorg J.M. Massen1,4) , Elisabeth H.M. Sterck1,2) & Henk de Vos3)
(1 Department of Behavioural Biology, Utrecht University, Padualaan 8, 3584 CH Utrecht,
The Netherlands; 2 Department of Ethology Research, Biomedical Primate Research Centre,
Rijswijk, The Netherlands; 3 Department of Sociology, University of Groningen, Groningen,
The Netherlands)
(Accepted: 1 August 2010)

Summary
Both humans and group-living animals associate and behave affiliatively more with some individuals than others. Human friendship has long been acknowledged, and recently scientists
studying animal behaviour have started using the term friendship for close social associates
in animals. Yet, while biologists describe friends as social tools to enhance fitness, social
scientists describe human friendship as unconditional. We investigate whether these different
descriptions reflect true differences in human friendship and animal close social associations
or are a by-product of different research approaches: namely social scientists focussing on
proximate and biologists on ultimate explanations. We first stress the importance of similar
measures to determine close social associations, thereafter examine their ultimate benefits
and proximate motivations, and discuss the latest findings on the central-neural regulation of
social bonds. We conclude that both human friendship and animal close social associations
are ultimately beneficial. On the proximate level, motivations for friendship in humans and
for close social associations in animals are not necessarily based on benefits and are often
unconditional. Moreover, humans share with many animals a similar physiological basis of
sociality. Therefore, biologists and social scientist describe the same phenomenon, and the
use of the term friendship for animals seems justified.
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Introduction
“Without friends no one would choose to live”, wrote Aristotle in the 4th
century BC. In humans, individuals that show relatively more affiliative behaviour to each other than other group members are called friends. Humans,
however, are not the only species entertaining friends; also numerous social
animals show marked preferences for particular individuals in their group
(e.g., Smuts, 1985; Cords, 2002). Animal preferences have been attributed
to the different values of group members for an individual (Kummer, 1978),
where valuable individuals will receive more affiliative behaviour than less
valuable individuals. This social differentiation between group members results in different classes of group members. Dyads that are most often positively engaged with each other are called ‘good relationships’. However, it
was only recently that scientists began calling animal close social associations friendship too (e.g., Schusterman et al., 2000; Cords, 2002; Garber,
2008). Not surprisingly, this trend started in the study of our closest living
relatives, the non-human primates, and the first scientific book about friendship in baboons was written in the eighties (Smuts, 1985). Nevertheless, the
use of this anthropomorphic term in the study of animal behaviour took long
to be accepted, and is still not accepted by everyone.
Although ‘friendship’ may now be partly acknowledged in animal behaviour (e.g., primates: Silk, 2002; Lemasson et al., 2008; corvids: Emery et
al., 2007; horses: Marinier & Williams, 1982; cows: Val-Laillet et al., 2009),
it might be that friendship in humans and friendship in non-human animals
describe different phenomena. Therefore, the use of this term in the study
of animal behaviour may not be fully justified. Whereas a human friendship
in the social sciences is described as a strong commitment to mutual assistance in times of need, and a willingness to help each other without expected
repayment (Davis & Todd, 1985; Clark & Grote, 2003), friends in biological sciences are predominantly viewed as social tools that enhance one’s
fitness (Kummer, 1978). Here arises a contrast between ‘unconditional’ human friendship, and seemingly ‘conditional’ animal friendship. This contrast
led scientists to argue that, in contrast to non-human animals, humans have
evolved elaborate proximate mechanisms to regulate friendship, involving
non-instrumental concern for their friends (Tooby & Cosmides, 1996; de
Vos et al., 2001; Smaniotto, 2004). However, this apparent contrast in the
concepts of friendship does not need to reflect real differences in human
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and non-human friendship. It may well be that these differences are a result of different research approaches, in which the social scientists mostly
focus on the proximate motivations and expectations about friendship, and
the biologists focus on the ultimate explanations and benefits of friendship.
Nevertheless, to avoid any premature conclusions we refer in this review to
close social associations in humans as friendship, and to close social associations in non-human animals as close social associates and relationship
quality, where relationship quality describes the variation in association.
In this review we aim to explore the measures of friendship, the ultimate
benefits and the proximate rules or behavioural mechanisms of both human
friendship and animal close social associations. In addition, we explore the
physiological basis of social bonds in humans and animals. This will allow
us to investigate whether human friendship and animal close social associations are truly different or whether the use of the term friendship in the study
of animal behaviour is also justified. Finally, such an overview provides ample directions for future methodological improvement, interesting research
questions and future comparative research on human friendship and animal
close social associations.

Measures of friendship
Two classes of affiliating individuals can be distinguished: related and unrelated individuals. From an evolutionary perspective, affiliation among kin
can be explained through kin selection (Hamilton, 1964), since the helping
of related individuals is helping, albeit in a diluted form, of one’s own genes.
However, kin selection cannot explain affiliation among non-kin individuals.
Therefore, we suggest that friends or close social associates are defined as
non-kin individuals that regularly are involved in affiliative behaviour.
The methods that social scientists and biologists can employ are, at least
partly, different. To identify friends in humans, social scientists can ask their
subjects who their friends are. This will give a picture of the differentiation of relationships from the asked person’s perspective. However, answers
to these questions do not always reflect mutual friendship. For example, in
a study on US schoolchildren in grades 7–12 all adolescents report having
friends, while a large set of these alleged friendships are not reported as such
by the other partner (Vaquera & Kao, 2008). In addition, what constitutes
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a friendship varies substantially between individuals. For example, a social
relationship that one refers to as friends, can be referred to as acquaintances
by another (Fischer, 1982). In contrast, biologists studying close social associations in animals are restricted to observational methods: Measures based
on behaviour in combination with knowledge on an absence of relatedness
in a dyad are used to define close social associates. These different methods
used to conceptualize and measure friendship in humans and close social associations in animals make it difficult to draw conclusions about differences
between human friendship and animal close social associations. Therefore,
we suggest the use of similar measures to describe friendship in humans
and close social associations of animals, such that between species comparison of these close social associations is possible. While questionnaires are
impossible with animals, observational studies can be conducted on both humans and animals. Therefore, we give an overview of observational methods
in defining friendship and close social associations, and suggest which measures allow between species comparisons, including humans (for a complete
review, see Dunbar & Schultz, 2010).
General measures of friendship are suggested by primate research. Social
associations have been an important subject of study in primates in which
proximity and affiliative body contact (i.e., grooming) preferences are the
most common measures used to describe and differentiate between social relations (Silk, 2002). Both measures are easily obtained due to their relatively
high frequency of occurrence and do, for example, also reflect kin relations
(Chapais, 2001). Here, we would like to argue that these measures are not
only useful to describe primate social relations, but are also useful and objective measures of social relations of any species, including humans.
Proximity measures
Close social associates in animals are often defined by the amount of time
two individuals spent near each other (Smuts, 1985; Cords, 2002). Within
primate groups, these association patterns are not continuously distributed,
and several dyads can easily be separated from others because of their high
association patterns. Since such selectivity in association patterns is unlikely
to arise by chance and close proximity reflects a certain tolerance for a given
individual, researchers subsequently started to designate the label friends to
such dyads (olive baboons, Papio anubis: Smuts, 1985; rhesus macaques,

Functions and mechanisms of friendship

1383

Macaca mulatta: Manson, 1994; Massen, 2010; chacma baboons, P. urcinus:
Palombit et al., 1997; long-tailed macaques, Macaca fascicularis: Massen,
2010).
Although human friends can spend quite some time apart, typically human friendship is also characterized by frequent face-to-face contact (Hinde,
1981; Baxter et al., 1997; Howes, 1998). Even in contemporary Western societies, where everybody has a mobile phone and access to internet, humans
report being emotionally closest to those individuals with whom they spend
the most time (Hill & Dunbar, 2003). Playground proximity scores of school
children also are reliable measures of what these children report themselves
as their friends (e.g., Santos et al., 2008), or what teachers report as friendship (Fujisawa et al., 2005). Moreover, a meta-analysis on children’s friendship (Newcomb & Bagwell, 1995) showed that proximity scores were the
best measures to differentiate friends from non-friends.
Affiliative body contact
In many primate species a frequently exhibited form of affiliative body contact is grooming. Grooming in primates has long been regarded to serve a hygienic function (e.g., Hutchins & Barash, 1976). However, primates groom
each other much more often than is needed to remove parasites, and frequencies of grooming increase with group-size, suggesting it has a social
function (Dunbar, 1991). Furthermore, the grooming of primates is often directed to a select group of group-members, and it is, therefore, suggested that
grooming creates social bonds that directly affect group cohesion (Dunbar,
1996). In addition, these bonds determine the degree of familiarity and predictability of each other’s behaviour (Dunbar, 1988). In short, grooming is an
easy observable behaviour, indicative of primate social associations (Smuts,
1985). However, it has been argued that grooming is absent or very uncommon among New World monkeys (Smuts et al., 1986; but see wedge-capped
capuchin monkeys, Cebus olivaceus: O’Brien, 1993; spider monkeys, Ateles
geoffroyi: Pastor-Nleto, 2001). Nevertheless, for these New World monkeys
there may be alternative measures of affiliative body contact that can be used
to indicate social relations, such as embraces in spider monkeys (Schaffner
& Aureli, 2005). As with most primates, also the grooming of meerkats,
Suricatta suricatta (Kutsukake & Clutton-Brock, 2010), feral horses, Equus
caballus (Sigurjonsdottir et al., 2003), cows, Bos taurus (Val-Laillet, 2009),
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and common vampire bats, Desmodus rotundus (Wilkinson, 1986), as well
as the preening of ravens, Corvus corax (Fraser & Bugnyar, 2010a), rooks,
Corvus frugilegus, jackdaws, Corvus monedula (Emery et al., 2007), and
green woodhoopoes, Phoeniculus purpureus (Radford & du Plessis, 2006),
reflect valuable relationships.
Humans do not regularly groom each other, and much emphasis has been
put on vocal communication in the creation and maintenance of friendship
in humans. This impressive communication system makes it possible that
humans have explicit rules (norms) about friendship behaviour, which can be
an object of study (O’Connell, 1984; Argyle & Henderson, 1985; Asher et
al., 1998; Bukowski & Sippola, 1998). These rules refer to requirements such
as the obligation to stay in contact (cf., proximity measures), to be oriented to
each other’s needs, intimacy and self-disclosure. Whereas the obligation to
stay in contact refers to the proximity measure, the other obligations point to
measures of affiliative body contact. There is indeed ample evidence that
physical touch plays an important role in human relations. For example,
humans frequently exhibit physical touch in the form of patting, petting and
cuddling and, similar to animals, these affective touches are confined to the
more intimate relations (Dunbar, 2010) or friends (Newcomb & Bagwell,
1995). Therefore, also in humans affiliative physical contact seems predictive
of the value of a relationship.
Alternative measures
To describe different aspects of relations between non-human primates,
Cords & Aureli (2000) suggested that three different characteristics of relationship quality can be distinguished: (1) security or consistency, the probability that the relationship will change; (2) compatibility, the tone of social
interactions, depending on temperament and history; and (3) value of the
partner (cf. Kummer, 1978). The value of a partner depends in turn also on
three factors: (1) long-lasting characteristics, such as sex, age and strength;
(2) the probability of success of the partner; and (3) the partner’s availability
(Kummer, 1978). Using principle component analyses, several studies find
verification for the three separate characteristics of relationship quality in
several species (chimpanzees, Pan troglodytus: Fraser et al., 2008a; Japanese
macaques, Macaca fuscata: Majolo et al., 2009; ravens: Fraser & Bugnyar,
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2010a). These studies extract from several behavioural variables three components of relationship quality that parallel those described by Cords & Aureli (2000). Alternatively, low frequencies of agonistic interactions have been
suggested as measures for social bonds (Noë & Sluijter, 1995). However,
high frequencies of all interactions among close social associates may lead to
an equal (Newcomb & Bagwell, 1995) or higher (Massen, unpublished data)
overall number of conflicts than the number of conflicts between less closely
associated individuals. Moreover, many of these alternative measures can be
considered as functional definitions. Such functional definitions make testing for functional effects of friendship difficult. Therefore, Dunbar & Schultz
(2010) suggested, next to proximity and grooming, three other, purely descriptive measures of bondedness: behavioural synchrony, directed vocal exchanges and social monitoring. In this review, Dunbar & Schultz (2010) provide evidence that the frequency of these behaviours increases with the social complexity (and, hence, the bondedness) of a species or within a species.
However, they also point out that thus far there are very few studies employing or recording these behaviours (Dunbar & Schultz, 2010). For the purpose
of this review, we therefore focus only on proximity and affiliative body contact. Both are easy to observe in both humans and non-human animals, and
have been shown to correlate strongly with each other, independent of the
fact that one needs to be in close proximity to groom (Smuts, 1985).
Finally, to allow for within and between species comparisons of friendship, we need to take into account that species may differ in the overall frequency of these behaviours. Whereas an hour spent in one day with another
individual may not have much significance in a highly gregarious species, it
may be more than significant in a rather solitary species. In addition, wild
populations may show less frequent proximity and affiliative body contact,
because they are more occupied with movement and searching for food in
comparison to captive populations. Moreover, even within a group, individuals may differ in their base-line frequencies of these affiliative behaviours. Therefore, measures of friendship or close social associations should
be based on the frequency of these affiliative behaviours of each individual separately, and should be relative to the frequency of these behaviours
towards all other group members. Lastly, friendship and close social associations should be based on a mutual assessment of both individuals (for an
example, see Massen, 2010), to avoid unidirectional relations (Vaquera &
Kao, 2008).
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The biology of friendship
We review the ultimate benefits and proximate mechanisms of close social associations. In his seminal paper on ethology, Tinbergen (1963) distinguished four different questions about behaviour; i.e., what is its function?
(adaptation), how did it evolve? (evolution), what causes it? (causation), and
how does it develop in an individual? (ontogeny). These four questions were
further classified as concerning either ultimate or proximate causes; i.e., ultimate causes refer to the adaptive nature of certain behaviours and how they
evolved, proximate causes refer to the mechanisms that elicit these behaviours and their ontogeny (Tinbergen, 1963). To give a clear and relevant example of how these two causes can differ: Friends may provide much needed
help to each other, resulting in a beneficial outcome (i.e., ultimate causes),
however, the internal motives of friends do not need to be guided by these
advantages (i.e., proximate causes). We aim to show that these explanations
indeed are not mutually exclusive and exist side by side, since they explain
different aspects of behaviour. Therefore, we start with exploring studies on
the adaptive nature of friendship and thereafter review studies on the behavioural mechanism and decision rules that may underlie the behaviour observed between friends. In addition, we examine some of the recent studies
on neuronal and hormonal patterns that in turn may underlie these different
decision rules.

Ultimate benefits
To gain a better understanding of why friendship became a component of
social life and, thus, how it may have been selected for, we need to study the
fitness advantages a friendship has over having no friends at all. If friendship
is not a side effect of variation in proximity and affiliative behaviour, but a
selected behaviour, friendship should have advantages for either the survival
or the reproductive output of the participants involved (Cords, 1997). Fitness
is defined by an individual’s survival and its reproductive success and, therefore, we investigate both aspects separately. However, we start by examining
cooperation since cooperation may serve to increase both aspects of fitness.
Friends cooperate more than non-friends
Cooperation may allow its participants to achieve goals that cannot be
reached alone. However, not all group members will be equally good as
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cooperation partners. For example, chimpanzees tend to prefer to cooperate with conspecifics experienced in the specific task at hand (Melis et al.,
2006a), which obviously renders the best outcome. In addition, animals also
prefer to cooperate with those individuals with whom they have closer social associations (chimpanzees: Melis et al., 2006b), or show more proficient
cooperation with close social associates (spotted hyenas, Crocuta crocuta:
Drea & Carter, 2009; rooks: Seed et al., 2008). Similarly, also humans cooperate more and more proficiently with their friends than with others (Majolo
et al., 2006). Moreover, modelling work has shown that only cooperating
with friends and not with others is an effective strategy that readily emerges
and persists in a range of noisy environments (Hruschka & Heinrich, 2006).
Finally, for humans the prospect of repeated contact elicits more cooperation
in a prisoner’s dilemma (Gächter & Falk, 2002). In sum, through cooperation, which is more frequent and proficient among friends, friends can gain
multiple benefits that cannot be achieved alone.
Having friends enhances physical and psychological well-being and
survival
Friendship is defined by frequent affiliative behaviours (e.g., Smuts, 1985;
Cords, 2002). Since these affiliative behaviours often have beneficial properties for the receiver, we indirectly impose benefits on friendship. For example, in primates being groomed reduces heart rates (Boccia et al., 1989;
Aureli & Smucny, 2000), and consequently reduces stress. Yet, these defining characteristics are not the only benefits of friendship. Close social associates also support each other more often in a conflict than less closely associated individuals (chimpanzees: Fraser et al., 2008a; macaques: Massen,
2010; ravens: Fraser & Bugnyar, 2010a), and this support may help obtaining access to food resources. Similarly, hyenas use their close social associates to gain access to carcasses (Holekamp et al., 2007). Furthermore, female chacma baboons that form strong and consistent social associations
with other females are reported to live longer than females that form weaker
and less stable social associations (Silk et al., 2010).
Social associations may also affect how individuals deal with conflicts.
A conflict is usually a stressful event, and reduction of this stress or its
impact should be adaptive. Many primates reconcile after a conflict, and
this reduces the rate of self-directed behaviours of the former opponents,
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which may indicate a reduction of stress (Aureli et al., 1989). In addition,
close social associates reconcile at higher rates than less closely associated
individuals (Cords & Aureli, 2000). Moreover, close social associates have
more frequent (chimpanzees: Fraser et al., 2008b; ravens: Fraser & Bugnyar,
2010b) or even exclusive (rooks: Seed et al., 2007) post conflict third-party
affiliation, and these third-party affiliative contacts may have a consoling
(i.e., stress reducing) effect (Fraser et al., 2008b; Fraser & Bugnyar, 2010b;
but see Koski & Sterck, 2007).
The number of supporters on each side mainly decides human conflicts,
quarrels or disputes, and consequently having a lot of friends does aid in
winning conflicts (Phillips & Cooney, 2005). Moreover, among humans there
is a causal relationship between the quantity and quality of social relations
and the risk of ill-health and death (House et al., 1988; Seeman et al., 2002).
For example, affiliative contact with friends tends to reduce stress in women
(Taylor et al., 2000). Moreover, loneliness and feelings indicating a lack of
friends often lead to psychological depression, which in turn can lead to
increased morbidity and mortality (Cacioppo et al., 2000). There are also
studies that report that not the receiving, but the giving of social support is
beneficial, since giving of social support decreased own morbidity (Brown
et al., 2005), and the risk of mortality (Brown et al., 2003). This benefit
can, however, only be obtained when one has friends to give social support
to.
Also in a contemporary African hunting-gatherer society, the !Kung San
hunter-gatherers, friendship is probably beneficial. Based on reciprocation,
these friends call upon each other in times of need. Since resources or assistance to the one in need are of much greater value to the receiver than the
burden that assistance places on the one that provides these, in the long-term
the mutual character of assistance renders benefits for both (Weissner, 1982).
Consequently, within such societies, having friends reduces the risks of bad
hunting/gathering years.
Finally, also human friendship affects how dyads deal with conflicts. As
in other animals, friends are more concerned with and more likely to resolve
disagreements or conflicts compared to non-friends (Newcomb & Bagwell,
1995). In turn, reconciliation of conflicts in children and adolescents has
been demonstrated to reduce cortisol levels and, consequently, reduce stress
(Butovskaya, 2008).
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Friendship enhances reproductive output
Friendship may enhance reproductive output. This has been argued for both
male–female and for same-sex friendship. Male–female close social associations have been reported to increase a male’s chances in obtaining mating access in several primate species (olive baboons: Smuts, 1985; rhesus
macaques: Massen, 2010), whereas females obtain protection of these males
against infanticide (chacma baboons: Palombit et al., 1997) or against nonlethal harassment to themselves or the young offspring (chacma baboons:
Lemasson et al., 2008; yellow baboons, P. cynocephalus: Nguyen et al.,
2009). Furthermore, within primates male–male alliances are more frequent
among close social associates than among less closely associated individuals (chimpanzees: Mitani & Watts, 2001; rhesus & long-tailed macaques:
Massen, 2010) and can lead to increased access to receptive females (Noë
& Sluijter, 1990). Moreover, chimpanzee males help their close social associates with mate guarding and even share matings with them (Watts, 1998).
Similar patterns have been reported for bottlenose dolphins, Tursiops truncates, where male close social associates help each other to gain mating access to females (Conner, 2007). Finally, female yellow baboons with more
female close social associates are more likely to rear infants successfully
than socially ‘isolated’ females (Silk et al., 2003), and similarly, female feral
horses that are more ‘integrated’ have increased foal birth rates and foal survival rates (Cameron et al., 2009). Female feral horses with many close social
associates suffer less harassment from males (Cameron et al., 2009).
Interestingly, friendship also seems to influence the reproductive output
of human females. Women in lower social-economic classes are reported to
give birth to heavier babies when they have a large social network, in comparison to similar women that lack such a social network (Collins et al., 1993).
Furthermore, women with high-quality social support also experience less
often postpartum depressions (Collins et al., 1993). Moreover, social support reduces maternal stress, which in turn increases pre-school intelligence
scores (Slykerman et al., 2005).
In conclusion, recent studies show that both human friends and animal
close social associates cooperate more frequently and preferably with each
other compared to non-friends or less closely associated individuals. Moreover, the cooperation between both non-human close social associates and
human friends is more proficient than that of non-friends or less closely
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associated individuals. Secondly, having friends or close social associates
and receiving social support adds to both human’s and non-human animals’
physical and psychological wellbeing. Lastly, friends or close social associates also have a positive effect on the reproductive output of both humans
and animals. Consequently, both animal close social associations and human
friendship seem to enhance fitness. However, it should be noted that this is
based on a very limited number of studies, since to date there are only few
studies examining the ultimate benefits of friendship. Moreover, in contrast
to studies on humans, biologists mainly focus on the short-term benefits provided by close social associations and the long-term effects of having close
social associates versus no close social associates remain unclear in animals
(but see Silk et al., 2003, 2010; Cameron et al., 2009). Studying the long-term
effects of having close social associates in animals is, therefore, a promising
field for future research.

Proximate mechanisms
Friendship may be beneficial in different ways. However, what causes these
positive fitness-effects often remains unclear and may differ between species.
Therefore, a careful examination of the behavioural motivations of friendship, and how these motivations are regulated physiologically, is needed.
First, we examine the underlying motives of these behaviours and whether
they differ between friends and non-friends, and between animals and humans. Second, we also discuss which physiological mechanisms may underlie these behavioural motivations.

Behavioural motivations of friendship
Motivations to cooperate
Individuals may employ differential rules to regulate cooperation depending
on the individual they cooperate with. For example, human friends are more
concerned who of them has the largest need and do not require equity, while
acquaintances and strangers do prefer an equal pay-off for all participants
in cooperation (Deutsch, 1975). Initially the preference for equity was considered a uniquely human capacity, yet several primate species also prefer
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an equal reward distribution in cooperation (brown capuchin monkeys, C.
apella: Fletcher, 2008; chimpanzees: Melis et al., 2009; cottontop tamarins,
Saguinus oedipus: Cronin & Snowdon, 2008). Moreover, several primate
species and domestic dogs react aversely when the reward distribution is unequal, thereby showing inequity aversion (brown capuchin monkeys: Brosnan & de Waal, 2003; chimpanzees: Brosnan et al., 2005; cottontop tamarins:
Neiworth et al., 2009; domestic dogs, Canis familiaris: Range et al., 2009a;
long-tailed macaques: Massen, 2010). There are also indications that animals
do not always require equity when cooperating within close social associates,
since both chimpanzees and domestic dogs show less or no inequity aversion
when paired with a conspecific to whom they are more tolerant in general
(chimpanzees: Brosnan et al., 2005; domestic dogs: Range et al., 2009b).
However, when tested experimentally, long-tailed macaques show inequity
aversion indiscriminately of the partner they are paired with (i.e., close social associates or less closely associated individuals) (Massen, 2010). Yet,
this study was conducted in one captive group and the variation of relationship quality within a captive group may be rather small, since all individuals
interact frequently with each other and there are no strangers. Therefore, it
may still be possible that some non-human animal species, similar to humans, also differentiate in their preference for equity between close social
associates and less closely associated individuals.
Motivations of reciprocal altruism
The reciprocation of costly favours may be the driving mechanism of interpersonal relationships in animals and humans, resulting in the ultimate
process of reciprocal altruism (Trivers, 1971). The tit-for-tat rule — start
with behaviour benefiting the other and subsequently behave as the partner
did (Axelrod & Hamilton, 1981) — is one of the simplest rules that result in
reciprocal altruism, and has led to the suggestion that animals are economic
machines that only give when a favour can be expected in return. Indeed, the
cost/benefit ratio of the tit-for-tat rule of reciprocal altruism leads to ultimate
benefits. However, the tit-for-tat rule may not be the only mechanism of reciprocity that can evolve and is resistant to other strategies. In particular, the
underlying proximate rules for reciprocity need not to be based on the expectancy of returned favours, and there may be different rules that all lead to
an outcome where the cost-benefit ratio of interactions among partners may
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provide both with ultimate benefits. Several other proximate mechanisms, or
‘decision rules’, leading to reciprocal altruism have been proposed. We will
give a short overview and then examine which rule(s) can be characterised as
rules for friends and close social associates and which can be characterised
as rule(s) for non-friends or less closely associated individuals.
Calculated reciprocity
A first mechanism of reciprocation is calculated reciprocity (de Waal &
Luttrell, 1988). In this type of reciprocity individuals truly keep track of
the value and amount of what is given and received. However, many species
seem too cognitively constrained to keep track of a large number of different
interactions (Stevens & Hauser, 2004) or to postpone behaviour to a later
moment in time. Primates, for example, are unable to wait longer then several
minutes between action and reward (Ramseyer et al., 2006; Dufour et al.,
2007), which has been argued to create temporal limits to the possibility
of calculated reciprocity. Not surprisingly, calculated reciprocity has in an
experimental set-up only been shown once in orang-utans, Pongo pygmeus
(Dufour et al., 2009), and is present in humans.
Symmetry-based reciprocity
A second mechanism of reciprocation is symmetry-based reciprocity (de
Waal & Luttrell, 1986). De Waal & Luttrell (1986) propose that individuals may reciprocate based on symmetrical features of their relation such as
age, kinship or mutual association. Since these features are symmetrical, individuals interact similarly with each other, and no active scorekeeping or
complex cognitive assessment is required, while reciprocity still arises (de
Waal & Luttrell, 1986). An example of symmetry-based reciprocity (Brosnan & de Waal, 2003) may be blood-sharing in vampire bats (Wilkinson,
1984), in which the observed reciprocity results from the symmetrical features kinship and mutual association: they share with their neighbours, and
since these remain the same over the course of time, and all do the same,
eventually reciprocity arises.
Attitudinal reciprocity and emotionally mediated reciprocity
A third mechanism of reciprocation can concern attitudinal reciprocity (de
Waal, 2000) or emotionally mediated reciprocity (Schino et al., 2007). Although many reciprocal relations may rely on symmetry-based reciprocity,
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animals can also have reciprocal relations with individuals that do not have
symmetrical features. These interactions, however, also do not need to be
cognitively too complex. Instead of keeping the balance in remembered
events, individuals may base their decision to give to another individual on
their attitude towards this individual, which in turn is based on (a) previous
interaction(s). A distinction needs to be made between decisions based on
the most recent interaction with the target individual, called attitudinal reciprocity (de Waal, 2000), and decisions based on a general attitude towards
that individual, called emotionally mediated reciprocity (Schino et al., 2007).
Emotionally mediated reciprocity stands out as unconditional on the short
term, since the act of giving is not a consequence of having received something, but is a by-product of the strength of the relation; i.e., the probability
of benefiting a certain individual is high when there is a strong association
with this individual (e.g., a friendship), while it is very low when there is a
weak association with that individual. Interestingly, this ‘unconditional’ rule
parallels how social scientists describe human friendship (Clark & Grote,
2003; Davis & Todd, 1985).
In several species emotionally mediated reciprocity may be the proximate
mechanism underlying exchange relations, since in these studies researchers
found no proof of a short-term contingency. Animals exchange grooming
(capuchin monkeys: Schino et al., 2009; chimpanzees: Gomes et al., 2009;
long-tailed & rhesus macaques: Massen, 2010), interchange grooming for
support (Japanese macaques: Schino et al., 2007; ring-tailed coati’s, Nasua
nasua: Romero & Aureli, 2008; long-tailed & rhesus macaques: Massen,
2010), and interchange grooming for sexual access (rhesus macaques: Massen, 2010) without direct reciprocation. It should, however, be noted that,
although unconditional in the short term, these exchange and interchange
patterns are rather balanced in the long run. Since within these exchange
relations the probability of giving depends on the strength of the relationship,
and this feature is often rather symmetrical, in the long run the amount of
services given and received will even out, making it an adaptive strategy.
In contrast, other studies did demonstrate short-term contingency in interchange, which may be representative of attitudinal reciprocity (de Waal,
2000). In some species the amount of grooming received predicts whether
an individual will support the individual that groomed it earlier that day
(long-tailed macaques: Hemelrijk, 1994; chimpanzees: Koyama et al., 2006),
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whether an individual will share food with or allow co-feeding of the individual that groomed it earlier that day (chimpanzees: Koyama & Dunbar, 1996;
de Waal, 1997; capuchin monkeys: de Waal, 2000), or whether an individual
will be allowed mating access (long-tailed macaques: Gumert, 2007).
Different decision rules for different relationships
The decision rules applied in exchange relations may differ according to the
quality of the relation; e.g., friends may use different decision rules from
non-friends. As mentioned before, human friends do not pursue a balanced
relationship, whereas strangers do (Deutsch, 1975). Also chimpanzees seem
to use differential decision rules for close social associates and less closely
associated individuals. Although in general their tendency to share food depends on the amount of grooming received earlier that day (e.g., attitudinal
reciprocity), close social associates always get a share, independent of their
previous grooming (e.g., emotionally mediated reciprocity) (de Waal, 1997).
However, a similar distinction in decision rules for close social associates and
less closely associated individuals could not be demonstrated in macaques
(Massen, 2010). Moreover, the above-described studies that show long-term,
but no short-term exchange or interchange, find that all group members use
emotionally mediated reciprocity, which also suggests that this mechanism
is not restricted to close social associations only in these species. In contrast,
in humans such unconditional exchange is only expected among friends, and
not among strangers (Deutsch, 1975). However, these studies are performed
on captive animals that, in contrast to strangers in human society, meet and
have the opportunity to interact on a daily basis with all group members,
also with less closely associated individuals. Nevertheless, it is also possible
that these species are too cognitively constrained to have differential decision rules for close social associates and less closely associated individuals.
In contrast, the higher cognitive abilities of chimpanzees (Call & Tomasello,
2008) and the fission-fusion dynamics of chimpanzees’ social life (Boesch
& Boesch-Achermann, 2000) may make differential decision rules for close
social associates and less closely associated individuals feasible and adaptive
for chimpanzees.
Reciprocal altruism and humans
As mentioned earlier, human friendship is considered unconditional, and exchanges and interchanges between friends are need orientated rather than
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balance orientated (Deutsch, 1975; Davis & Todd, 1985; Clark & Grote,
2003). Indeed, humans typically do not keep consciously track of benefits
provided and received in social exchanges among friends, and in everyday social interactions with friends humans are rarely guided by pure reason alone and have limited introspective access to these processes (Fehr &
Fishbacher, 2004; Bargh & Williams, 2006). Yet, similar to the emotionally
mediated reciprocity of animals, human interactions are quite often guided
by emotions (Haselhuhn & Mellers, 2005). The !Kung San hunter-gatherers
even have a name for such an unconditional relationship: ‘hxaro’. They describe the hxaro as a relationship that is based on a delayed exchange of gifts.
The relationship can be unbalanced over several years, but mostly eventually
evens out. Furthermore, the continuous flow of gifts given and received provides both partners with information about the status of the relationship (i.e.,
whether they are good friends) (Weissner, 1982). In contrast, when interacting with strangers, humans do prefer a balanced relationship (Deutsch,
1975), and especially in monetary interactions with strangers, people do use
reason and apply conditional and strict tit-for-tat rules (Axelrod & Hamilton,
1981; Barrett et al., 2002).
Pro-social motivations
That animals can be unconditional in their interpersonal relations, suggests
that they can show pro-sociality, i.e., benefiting another individual without
direct reciprocation. However, genuine altruism, defined as a costly act that
confers benefits on other individuals, is considered uniquely human (Fehr
& Fishbacher, 2003), thereby strengthening the claim that in contrast to humans, animals are economic machines. Yet, pro-social behaviour without
apparent costs, or other-regarding behaviour, has recently been shown in
several primate species (common marmosets, Callithrix jacchus: Burkart et
al., 2007; capuchin monkeys: de Waal et al., 2008; Lakshminarayanan &
Santos, 2009; chimpanzees: Warneken et al., 2007; long-tailed macaques:
Massen et al., 2010; bonobos: Pan paniscus: Hare & Kwetuenda, 2010) and
also in several corvid species (ravens: Heinrich, 1988; jackdaws: de Kort
et al., 2006; rooks: Scheid et al., 2008). Results on pro-sociality in chimpanzees, however, are inconsistent, and several studies on chimpanzees report no pro-sociality (Silk et al., 2005; Jensen et al., 2006; Vonk et al., 2008).
Moreover, cottontop tamarins also did not show pro-sociality (Cronin et al.,
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2009). These negative findings may, however, be due to the experimental setup, since pro-social behaviour was found for chimpanzees in a different setup (Warneken et al., 2007). Alternatively, it could also be due to the identity
of the individuals tested. For example, in long-tailed macaques, pro-social
behaviour varied extensively across individuals. These animals’ dominance
hierarchy best explained this variation, i.e., high-ranking individuals were
very pro-social, whereas low-ranking individuals were a-social (i.e., withheld their partners from getting access to a reward) (Massen et al., 2010).
Presumably, the pro-social tendency of these high-ranked individuals serves
as an act to enhance or maintain status (Moore, 1984; de Waal, 1989). Similarly, rooks actively give food to others as a costly signal of their status
(Scheid et al., 2008). Also humans seem to use their pro-social behaviour as
a signal of their status, i.e., humans are more willing to give to another if
they perceive themselves as having a higher social status than the receiver
(Dovidio & Gaertner, 1981; Mast & Bischof, 1999). Thus, unconditional
giving seems to enhance the social status of an individual, and may form the
mechanism of another form of reciprocity: indirect reciprocity (Alexander,
1987). Indirect reciprocity predicts that generous individuals create a reputation of being helpful by benefiting those that will not return this behaviour.
Consequently, others are more likely to benefit these generous or helpful individuals, since the probability of receiving something back from them is
large.
While pro-social behaviour can depend on the identity of the pro-social
individual, it may also depend on the identity of the receiving partner, and
friends may be more pro-social towards each other than non-friends. Interestingly, however, in long-tailed macaques pro-sociality was not related to relationship quality (Massen, 2010). Moreover, when given the choice between
a close social associate and a less closely associated individual, long-tailed
macaques do not prefer giving to the close social associate. In contrast, subordinate long-tailed macaques seem to prefer giving to the highest ranking
of the two. Therefore, dominance rank and not relationship quality seems
to determine the direction of pro-social behaviour in this despotic species
(Massen, 2010).
In addition, pro-social behaviour may play an essential role in the formation of new social associations. For example, food offers of juvenile jackdaws are an early indication of who will become their future pair-mates (de
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Kort et al., 2006; von Bayern et al., 2007). Similarly, in the !Kung San huntergatherers a gift, that can be considered a pro-social act that is costly to the
giving individual, marks the invitation to start a new friendship. This offer
of friendship is accepted by returning a gift, and rejected by saying that momentarily no return gifts are available (Weissner, 1982).
Finally, the act of benefiting others may be rewarding and may elicit positive emotions in the giver. In humans, the act of giving is perceived as pleasurable (Steger et al., 2008), as indicated by an increased activity of the reward areas in the brain (Harbaugh et al., 2007). Similarly, the pro-social
preferences of monkeys and apes may result from pro-social choices having more self-rewarding features than selfish choices (de Waal et al., 2008).
Whether other animals also show an increased activity of reward areas in
the brain during pro-social behaviour has, to our knowledge, not yet been
established. However, the grooming of primates results in the release of βendorphins, not only in the individuals that receive grooming but also in
those that groom (Keverne et al., 1989). This suggests that, at least in primates, also giving can release β-endorphins and is rewarding. In conclusion,
the self-rewarding aspects of giving may function as a motive to do so.

Physiological mechanisms of friendship
That emotions play a role in the social interactions of animals and humans is
commonly accepted (e.g., Trivers, 1971; Aureli & Smucny, 2000; Schino et
al., 2007), yet very few studies have actually looked at what constitutes these
emotions. Recent research has revealed several hormones that are involved
in sociality and close social bonds. A major focus of this line of research
is the vasopressin and oxytocin family of small neuropeptides, and in particular the role of these neuropeptides in the central nervous system (i.e., the
brain). Oxytocin is known to regulate mother–infant bonding (Carter & Keverne, 2002), whereas vasopressin is known to regulate several male-typical
social behaviours, and has been traditionally viewed as a regulator of aggressive behaviour (Goodson & Bass, 2001). In addition, these neuropeptides also play an important role in male–female pair bonding. Infusion of
oxytocin and vasopressin in the brain in respectively female and male prairie
voles (Microtus ochrogaster) accelerates pair bonding (Winslow et al., 1993;
Williams et al., 1994). Similarly, in male rats a chronic infusion of oxytocin leads to an increase in nonsexual social interactions with a female rat
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(Witt et al., 1992). Compared to polygamous species (e.g., montane voles, M.
montanus, and meadow voles, M. pennsylvanicus), pair-bonded prairie voles
have higher densities of oxytocin and vasopressin receptors in those brain
regions involved in pair-bond formation (Insel & Shapiro, 1992; Insel et al.,
1994). Moreover, affiliative behaviour can be increased in polygamous voles
by inducing expression in the brain of a vasopressin receptor gene from the
monogamous vole (Lim et al., 2004). In sum, in several rodent species, both
oxytocin and vasopressin seem to play an important role in the formation and
maintenance of affiliative social relations. It should, however, be noted that
vasopressin and oxytocin are highly conserved neuropeptides. Researchers
(e.g., Goodson & Bass, 2001) have argued that next to their conserved morphology, the function of these neuropeptides is very likely to be conserved
too. Therefore, it is expected that they are related to the formation and maintenance of affiliative social relationships in many animal species.
Indeed, vasopressin and oxytocin and their effect on social behaviour are
not restricted to rodents only. Mesotocin (the avian homolog of oxytocin)
also seems to promote sociality. Infusion of mesotocin in the zebra finch
(Taeniopygia guttata) increased the time spent with large groups and familiar social partners, whereas an infusion with a mesotocin antagonist created
opposing effects (Goodson et al., 2009). Similarly, the central infusion of
isotocin (the fish homolog of oxytocin) in male goldfish, Carassius auratus,
stimulated approaches to conspecifics, whereas a central infusion of vasotocin (the fish homolog of vasopressin) inhibited this response (Thompson
& Walton, 2004). Parallels in organization and function of these neuropeptides, thus, indeed seem to exist in a wide variety of vertebrates. This suggests that also in primates oxytocin and vasopressin will play an important
role in the formation of social bonds. Indeed, a study on marmosets, C. penicillate (Smith et al., 2010) showed that oxytocin does facilitate the pair-bond
formation. Intranasal infusion of oxytocin increased the amount of huddling
among social partners, whereas the infusion of an oxytocin antagonist reduced proximity, huddling and food sharing between partners of this rather
monogamous species (Smith et al., 2010). Others, however, argue that in primates endorphins play an important role in social bonding (Keverne et al.,
1989; Dunbar, 2010). Yet, the effect of oxytocin (and vasopressin) on social
bonding in primates, besides the mother–infant bond, is vastly understudied and, consequently, the relative importance of oxytocin, vasopressin and
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endorphins in social bonding of non-human primates remains to be investigated.
Also in humans, both oxytocin and vasopressin affect social behaviour.
Intranasal administration of oxytocin in humans increases trust in strangers
(Kosfeld et al., 2005) and generosity in general (Zak et al., 2007), whereas intranasal administration of vasopressin has a sex-specific influence on human
social communication, i.e., men react with agonistic facial motor patterns to
unfamiliar men, whereas women react with affiliative facial motor patterns
to unfamiliar women (Thompson et al., 2006). Furthermore, the intravenous
administration of oxytocin to subjects diagnosed with autism or Asperger’s
disorder improved these patients’ comprehension of affective speech (e.g.,
happy, sad) (Hollander et al., 2007). Moreover, after inhalation of oxytocin,
high-functioning patients with autism spectrum disorder respond more to
others, exhibit more appropriate social behaviour and show more affection
(Andari et al., 2010). In addition, the urine of orphanage-reared children contains lower levels of oxytocin and vasopressin compared to family-reared
children (Fries et al., 2005), and this may be related to social problems in
development, in particular social attachment to others (Chisholm, 1998), in
orphanage-reared children. Furthermore, genetic variation in the vasopressin
receptor gene is associated with pair-bonding behaviour (e.g., perceived marital problems, marital status and partner bonding) of humans (Walum et al.,
2008).
The septal area of the human brain, a limbic region that controls the release of vasopressin and oxytocin and also contains receptors for both neuropeptides, seems involved in unconditional trust (Krueger et al., 2007). Using hyper-fMRI, Krueger et al. (2007) showed that when making decisions to
cooperate with trustworthy individuals, the septal area was activated, while
making decisions to cooperate with unfamiliar or untrustworthy individuals
was associated with activation of the paracingulate cortex, an area involved
in mentalizing. Furthermore, after several rounds trustworthy partners synchronized their activation of the septal area with each other, which led to
perceived social attachment, but also to a decrease in activity of the ‘mentalizing’ paracingulate cortex. The researchers argue that this synchronization
and subsequent social attachment is a cognitively less costly strategy compared to mentalizing (Krueger et al., 2007). We suggest that this cognitively
less costly strategy may well reflect the underlying neural mechanism accompanying what is described in behavioural biology as emotionally mediated bookkeeping (Schino et al., 2007), whereas the cognitively more costly
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system of the paracingulate cortex may well reflect calculated reciprocity
(Brosnan & de Waal, 2002). Interestingly, mentalizing, which is regulated
in the paracingulate cortex, is a behaviour only present in humans and in a
rudimentary form in great apes (Povinelli & Preuss, 1995) and has not been
observed in monkeys (Cheney & Seyfarth, 1990). Moreover, the anterior part
of the prefrontal cortex, in which the paracingulate cortex is located, has become enlarged and specialized during hominid evolution (Semendeferi et al.,
2001), and this enlargement and specialization have been linked to the complex social interactions of humans (e.g., the social brain hypothesis: Dunbar,
1998), and may aid in the more cognitive and conditional interactions with
strangers. In contrast, the septal area, which may regulate emotionally mediated bookkeeping concerning non-strangers, is evolutionary conserved in
form and function in a wide variety of species (Font et al., 1995).
To conclude, it seems that both humans and animals preferentially cooperate with their friends or close social associates, engage more frequently
with friends or close social associates in reciprocal relations, and can behave pro-socially. Furthermore, there is some proof that in some instances
reciprocation may be governed by emotions instead of cognitive reasoning,
although no actual measurements of emotions are yet available. Therefore,
studies indicating what emotions are important for dealing with friends or
close social associates, by assessing central-neural and hormonal regulation
of social associations, were reviewed. Researchers have only just begun to
reveal the underlying neural structures involved in social bonding. However,
many of these structures seem highly conserved and seem to have similar
functions in both humans and animals. Altogether, this is a very promising
field for the understanding of social bonds and friendship in particular.

Discussion
The comparison of ultimate benefits and motivational mechanisms reveal
that animal close social associations and human friendship have major similarities. Although on the proximate level human friendship is often described
as unconditional (Clark & Grote, 2003), both human friendship and animal close social associations seem to have ultimate fitness benefits. Furthermore, it has been argued that, in contrast to non-human animals, humans
have evolved elaborate proximate mechanisms involving non-instrumental
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concern for their friends (Tooby & Cosmides, 1996; de Vos et al., 2001;
Smaniotto, 2004). However, as we showed in the part dealing with proximate mechanisms of friendship, especially these non-instrumental motives
are shared with a variety of species that actually apply these unconditional
rules not only to friends, but also to other group members. It seems that social species generally interact unconditionally and that this behavioural pattern often, but not necessarily always, results in reciprocity in the long run.
Most group living species interact daily with each member of their group,
and very rarely with individuals of another group. Therefore, there seems no
need for specialized cognitive bookkeeping skills and emotionally-mediated
‘bookkeeping’ (Schino et al., 2007) seems sufficient.
Human groups, however, have become larger and larger and humans now
also frequently interact with strangers (Seabright, 2004). To avoid exploitation by these strangers, humans tend to apply strict tit-for-tat rules (Axelrod
& Hamilton, 1981) or an exchange orientation (Clark, 1984) in interactions
with those strangers. Therefore, we would like to argue that humans, and
perhaps some other species with a ‘loose’ social system (e.g., fission-fusion
species), have evolved elaborate proximate mechanisms (probably cognitive)
to keep track of what is given and received when dealing with strangers or
acquaintances, e.g., calculated bookkeeping (de Waal & Luttrell, 1988). With
all non-strangers, humans seem to interact based on their long-term interaction history, in which emotions probably play a mediating role (Fehr & Fishbacher, 2004; Haselhuhn & Mellers, 2005; Bargh & Williams, 2006; Schino
et al., 2007).
Finally, hormonal and neuronal patterns show a system that enhances sociality and that is shared among many species suggesting that this is an evolutionary highly conserved system. Moreover, these systems seem to serve
similar functions in animals and humans. The only deviation of humans from
most other animals in neuronal pathways is the enlargement of a brain region
that may serve to interact on a more conditional and cognitive basis with
strangers.

Future directions
For future comparative research on friendship in humans and other animals,
we first stress the importance of the use of similar and objective measures
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of friendship. Moreover, we want to stress that comparisons should be made
based on similar research designs, such that a mix-up of proximate and ultimate explanations is avoided, and ideally both proximate and ultimate causes
of friendship should be addressed in conjunction. Furthermore, although the
concept of ultimate benefits of friendship is now commonly accepted, to date
there still is little evidence to support this assumption. Therefore, this remains an interesting line of research. In particular, the long-term benefits of
having friends versus having no friends in animals are poorly understood,
and although such long-term data are not easily gathered, they may reveal
interesting results (e.g., Silk et al., 2003, 2010; Cameron et al., 2009).
Considering the proximate causes of friendship, we think it is not so interesting anymore to examine how humans may differ from other animals in
their motivations to interact with friends, since, as we showed, they probably
do not differ that much. Instead, of much greater interest are how humans
interact with strangers, especially in modern societies, how this differs from
other animals and which species may show similarities herein. Many species
lack frequent interactions with strangers and, thus, have no need for elaborate
cognitive mechanisms to deal with such encounters. Therefore, the greatest
interest lies within species that do have interactions with strangers or at least
interact with several individuals on a rather infrequent base; i.e., species that
show fission-fusion dynamics such as chimpanzees, hyenas, dolphins and
elephants, or semi-solitary species such as orang-utans (Aureli et al., 2008).
It has been suggested that emotionally mediating interactions within these
species may not be sufficient for all relations, since there is not enough emotional experience with each individual they meet (Aureli et al., 2008). Consequently, for these species there is need for different ways to interact with
others depending on the frequency and patterns of spatial and temporal separations (Barrett et al., 2003). However, the content of such differential animal decision rules and their similarities to the differential decision rules for
‘friends’ and ‘non-friends’ in humans remain unknown. Yet, the way chimpanzees share food unconditionally with their friends, although they base
their decision to share with non-friends on a previous interaction (de Waal,
1997), and the fact that orang-utans are capable of calculated bookkeeping
(Dufour et al., 2009), seems a first indication that species with a fissionfusion or semi-solitary social system may employ more cognitive capacities
in regulating social interactions with conspecifics.
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Finally, the study of neuronal and hormonal regulation of social behaviour is a promising field, yet researchers have only just begun to unravel the
mysteries of the brain and, consequently, much needs to be done. Moreover,
to gain a better insight in how neuronal and hormonal mechanisms correspond to behavioural decision rules, studies on such neuronal and hormonal
mechanisms should also incorporate behavioural measures.

Conclusion
To conclude, both human and animal friendship are ultimately beneficial,
yet are based on unconditional motivations that are probably mediated by
emotions, and measures of neuronal and hormonal patterns show that the
human physiological system of sociality is evolutionary highly conserved
and shared with many animals. Therefore, biologists and social scientists
describe a similar phenomenon when they talk about animal and human
friendship and, thus, applying the term friendship to animals seems justified.
Of special interest in future research will be studies concerning interactions with strangers and into the neuronal basis of social behaviour. Moreover, comparative research of different species that links how friendship is
maintained and regulates social behaviour can elucidate the evolutionary history of friendship and selective forces that enhance the maintenance of these
close social associations. Altogether, not only humans are a species with
close social associations with both kin and non-kin, also other social animals
benefit from living in such a rich social environment.
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