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Abstract

Convergent evidence from many species reveals the evolutionary ori-
gins of human friendship. In horses, elephants, hyenas, dolphins, mon-
keys, and chimpanzees, some individuals form friendships that last for
years. Bonds occur among females, among males, or between males
and females. Genetic relatedness affects friendships. In species where
males disperse, friendships are more likely among females. If females
disperse, friendships are more likely among males. Not all friendships,
however, depend on kinship; many are formed between unrelated in-
dividuals. Friendships often involve cooperative interactions that are
separated in time. They depend, at least in part, on the memory and
emotions associated with past interactions. Applying the term “friend-
ship” to animals is not anthropomorphic: Many studies have shown that
the animals themselves recognize others’ relationships. Friendships are
adaptive. Male allies have superior competitive ability and improved
reproductive success; females with the strongest, most enduring friend-
ships experience less stress, higher infant survival, and live longer.
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INTRODUCTION

Nature teaches beasts to know their friends.
(Shakespeare, Coriolanus)

Humans form close, enduring relationships
and benefit from them. Having a strong social
network reduces stress, lowers the risk of
disease, and increases longevity (Berkman et al.
2004, Holt-Lunstad et al. 2010). Humans also
classify relationships, giving them names like
sisters, friends, lovers, allies, or rivals. Each
name carries assumptions about the thoughts
and emotions that underlie a relationship

and reveals our expectations about how the
individuals involved (including ourselves) will
behave in the future, even in novel situa-
tions. Like forming relationships, recognizing
and classifying the relationships that exist
among others is adaptive because it helps us
understand and predict peoples’ behavior.

There continues to be debate about the
extent to which our social relationships are
unique, requiring cognitive skills that appear to
be limited to humans, such as language, plan-
ning, and the ability to anticipate events long
into the future. There is growing evidence,
however, that at least some aspects of human
social relationships find parallels in the behav-
ior and cognition of animals. In many species,
individuals not only form close, enduring social
bonds but also recognize these bonds in others.

Of course, scientists have known for years
that males and females in many species form
pair bonds in which partners cooperate in the
care and feeding of offspring. The ecological
and social factors that favor the evolution of
monogamy are now well known (see Alcock
2009 for review). In birds, the behavior of
partners is often beautifully synchronized,
and bonds may persist for years. In barnacle
geese (Branta leucopsis), pairs that maintain
long-lasting pair bonds have higher lifetime
reproductive success than those with shorter
pair durations (Black 2001).

But what about the evolution of close, en-
during social bonds that are not directly related
to mating: bonds among females, for example,
or among males? Here we review recent stud-
ies of these long-term relationships in animals.
For simplicity, we call them “friendships” (Silk
2005). Our goal is to shed light on the evolu-
tion and adaptive value of human friendship.
We focus primarily on nonhuman primates be-
cause of their close evolutionary relationship to
humans and because the most abundant data
come from monkeys and apes; however, we also
discuss intriguing results from studies of hye-
nas, elephants, dolphins, and lions. We focus
primarily on field research because one goal of
this review is to consider how stable, enduring
friendships might have evolved.
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HISTORICAL BACKGROUND

The scientific study of social relationships in
animals began in the 1960s and 1970s, with
Harlow’s research on “the affectional systems”
(Harlow & Harlow 1965) and Hinde’s study
of behavioral development, attachment, and
the consequences of temporary separation in
mother and infant rhesus monkeys (Macaca mu-
latta). In order to track the mother-infant in-
teraction over time, Hinde developed measures
that quantified the relative roles of mother or
infant in maintaining their relationship (see
Hinde 1979 for review). Several important re-
sults emerged.

First, different pairs had measurably differ-
ent relationships that remained stable from one
age period to the next, and these differences had
predictive power. For example, the behavioral
consequences of a brief separation between
mother and infant were best predicted not by
individual attributes such as the infant’s age,
sex, or the mother’s experience, but by char-
acteristics of the relationship before separation
occurred. Infants who showed the greatest
distress were those who had, before separation,
been relatively more active than their moth-
ers in maintaining physical contact (Hinde
1979).

Second, events early in life, such as a tem-
porary separation, were correlated with persis-
tent, long-term changes in behavior. Although
it had long been accepted that events during
human development could have long-term con-
sequences, Hinde’s experiments were the first
to suggest a similar phenomenon in nonhuman
species.

Third, the dynamics of each mother-infant
relationship could only be understood in the
context of the animals’ relationships with others
in their group. Somewhat surprisingly, infants
removed from their group and kept in isola-
tion exhibited less stress upon reunion than did
infants who remained with their group while
their mothers were removed. The explanation,
however, lay in the mother’s need to restore
her own social relations with others after sep-
aration. Mothers who had been removed from

the group—especially some less sociable, low-
ranking individuals—were less responsive to
their infants upon reunion than were moth-
ers whose infants had been removed but whose
own relationships with others had not been dis-
rupted (Hinde 1979).

Based on these and other observations,
Hinde (1976) developed a conceptual scheme
for the study of social relationships in animals.
Scientists should begin, he argued, by collect-
ing data on social interactions. In monkeys,
these were behaviors including grooming, ag-
gression, play, the maintenance of proximity, or
the formation of coalitions (which occur when
two animals join to direct aggression against a
third). Different dyads could then be compared
according to the content, quality, and temporal
patterning of their interactions. These factors
defined their relationship.

Strong, enduring social bonds pose prob-
lems for causal theories of behavior because
the interactions that define them are often sep-
arated in time. In chimpanzees, for example,
males who groom together most often are also
those most likely to share meat, yet the two
activities do not always occur together (see
below). What causes the correlation between
these behaviors? As we attempt to understand
the underlying mechanisms, we confront what
our colleague David Premack once called “the
Russian Novel Problem”: Over any period of
time, so many events occur in the lives of
two individuals—all remembered and poten-
tially related in so many different ways—that it
becomes impossible to know what caused what
(see also de Waal 2008). If two chimpanzees
groom on a Tuesday afternoon, share meat on
Thursday morning, form a coalition on Friday,
then groom again on Saturday, how do we know
what caused Saturday’s grooming? Should the
most recent event be given the greatest weight?
What about the memory of past interactions, or
the cumulative effects of successive interactions
over time, or the possibility that a single, pivotal
event can have long-term consequences (recall
Hinde’s data on the long-term consequences of
separation)?
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Long-term bonds pose problems for evolu-
tionary theories of behavior because they often
involve interactions such as grooming that are
of relatively low cost and apparently have no di-
rect link to reproduction or survival. Granted,
many friendships involve kin, but as we shall
see they are by no means limited to close ge-
netic relatives. Why has this behavior evolved?

THE DATA

Baboons

Some of the most detailed data on long-term
relationships in any animal species come
from two studies of baboons (Papio spp.),
one conducted for over 30 years in Amboseli
National Park, Kenya and another conducted
for over 16 years in the Moremi Game Reserve,
Botswana. The two sites are 1500 miles apart
and involve two different subspecies, Papio
hamadryas cynocephalus in Amboseli and P. h.
ursinus in Moremi. Given this geographical
and phylogenetic separation, the convergence
in their results is striking.

Baboons live throughout Africa in multi-
male, multifemale groups of 50–150 individu-
als. Males and females have strikingly different
life histories. From the moment they are born,
infants of both sexes interact at high rates not
only with their mothers but also with those in-
dividuals who are also attracted to their mother:
their maternal siblings, their mother’s maternal
sisters, and their maternal grandmother if she is
alive. Among male offspring, bonds with matri-
lineal kin decline in strength with age, ending
altogether around adolescence or early adult-
hood (9–10 years of age) when the male leaves
his natal group and emigrates to another. Fe-
males, by contrast, remain in their natal group
throughout their lives, forming strong friend-
ships with matrilineal kin and sometimes other
individuals (see below). Female acquire dom-
inance ranks immediately below those of their
mothers. As a result, the stable core of a baboon
group consists of a hierarchy of matrilines in
which all members of, say, matriline B outrank
or are outranked by all members of matrilines
C and A, respectively. Rank relations are gener-

ally stable over time, with few reversals occur-
ring either within or between families. Females
can live for up to 30 years in the wild.

To analyze the behavior of adult females
in Amboseli, Silk et al. (2003; 2006a,b) devel-
oped a composite sociality index (CSI) based
on grooming and proximity. Using the CSI,
they measured the extent to which each female-
female dyad differed from the mean for all
dyads. They also calculated for each dyad the
distribution of grooming between partners and
measured for each individual the stability of
social preferences (that is, the identity of her
top three partners) over several years. Silk et al.
(2010a) used similar methods to analyze adult
female behavior in Moremi.

In both Amboseli (N = 1,430 dyads) and
Moremi (N = 975), most dyads formed weak,
impermanent social bonds. A smaller number
formed strong, enduring friendships. Female
social relationships were thus highly differen-
tiated. The best predictor of bond strength
was matrilineal kinship: Especially mothers
and daughters but also sisters had significantly
stronger bonds than other categories of dyads.
In Moremi, for example, the mean value of
the CSI was by definition 1.0. The median
value was 0.45, and approximately 10% of all
values were greater than 2.0. The mean CSI
value for mothers and daughters was three
times higher than that for sisters and nearly
15 times higher than that for unrelated dyads
(Silk et al. 2010a). In both studies, matrilin-
eal kin—particularly mothers and daughters—
had the most equitable grooming relationships.
In Moremi, matrilineal kin had higher rates of
aggression than unrelated dyads, but aggres-
sive interactions constituted a smaller portion
of their total interactions than in unrelated
dyads. In both Amboseli and Moremi, coali-
tions occurred most often among matrilineal
kin. Finally, in both studies matrilineal kin—
again, particularly mothers and daughters and
sisters—formed the most stable, enduring so-
cial bonds (Silk et al. 2006a,b; 2010a).

Demographic events such as predation lim-
ited the ability of females to maintain endur-
ing social bonds. In Moremi, only 50% of adult
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female dyads were coresident for at least three
years; 18% were coresident for at least five
years. Mother-daughter dyads were most likely
to maintain a strong bond over all possible
years. Sisters, age-mates, and unrelated individ-
uals were less likely to do so, in that order.

Two other factors affected the strength of
social bonds, again in both studies. Correcting
for kinship, females closer in age formed
stronger social bonds than those whose ages
were more disparate. Females closer in age also
had more equitable grooming relationships
and, in Moremi, supported each other in coali-
tions at higher rates. In both studies, females
closer in age had more stable, enduring bonds
than did females of disparate age. Second,
females in both studies formed stronger bonds
with unrelated females of adjacent rank than
with those of more disparate rank. The effect
of rank distance was independent of the effects
of kinship and age. Although by some measures
females closer in rank had bonds that were
stronger than those involving females of more
disparate ranks, the effects of rank-distance
were not as consistent and clear as the effects of
matrilineal kinship or age (Silk et al. 2006a,b,
2010a).

Finally, baboon males and lactating females
also form strong friendships. These bonds are
thought to have evolved as a response against
the threat of infanticide by recent immigrant
males (Palombit et al. 2000). Like sexual
consortships without the sex, male-female
friendships are characterized by high rates of
proximity, grooming, and mutual support (see
Nguyen et al. 2009 for review). In many cases
the male friend is the infant’s father (Moscovice
et al. 2010), but in all cases the male is a long-
term resident who was present in the group
when the infant was conceived. Formation of a
friendship appears to mitigate the stress expe-
rienced by lactating females when a potentially
infanticidal male enters the group (Beehner
et al. 2005, Engh et al. 2006) and may increase
infant survivorship (Palombit et al. 2000,
Weingrill et al. 2000). The friendship ends if
the infant dies or the mother resumes sexual
cycling.

Chimpanzees

The society of chimpanzees (Pan troglodytes) is
strikingly different from that of baboons, yet
when it comes to friendships the two species are
very similar: Some individuals interact rarely
while others interact often, forming stable,
long-term bonds that can last for ten years or
more.

Chimpanzees live in fission-fusion commu-
nities that range in size from 20 to 150 ani-
mals. Within each community, individuals form
temporary parties of 2–50 animals that fluctu-
ate in size and composition throughout the day
(Boesch 2009, Newton-Fisher 2002). Males are
generally more social than females: Parties usu-
ally include more males than females, and soli-
tary individuals are more likely to be female
than male (e.g., Boesch 2009).

After reaching sexual maturity at roughly
11 years of age, most females disperse from
their natal community and join another. Males,
in contrast, remain in their natal community
for life, becoming adult at roughly 16 years of
age (Boesch 2009, Goodall 1986). In the wild,
chimpanzee males can live into their 30s; chim-
panzee females into their 40s or even 50s (Hill
et al. 2001).

At any one time, the males in a commu-
nity can be arranged in a linear, transitive
dominance hierarchy (Goodall 1986, Newton-
Fischer 2004, Wittig & Boesch 2003a). High
rank is associated with high rates of aggression,
displays, and coalition formation (see Muller &
Mitani 2005 for review). Coalitions between
individual males can persist for years or be
surprisingly changeable over days and weeks,
as males opportunistically “shift their invest-
ment in different relationships” during peri-
ods of instability (Newton-Fisher 2002, p. 135).
The male members of a community also join
together in territorial boundary patrols that
may include violent, coalitionary attacks on the
males in neighboring communities. When suc-
cessful, these attacks appear to increase the
community’s access to food resources (Mitani
et al. 2010). Roughly 25% to 33% of all pa-
trols involve contact with the males of another
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community; some confrontations are fatal (see
Muller & Mitani 2005 for review).

The most detailed data on chimpanzee
friendships come from studies of males in the
unusually large Ngogo community (150 indi-
viduals), where Watts (1998; 2000a,b; 2002)
and Mitani (2006, 2009) have followed the be-
havior of 35 individuals ranging in estimated
age from young (16–20 years), prime (21–
33 years), to old (>33 years). Their sample has
included nine pairs of maternal half-siblings,
22 pairs of paternal half-siblings, and many
more unrelated individuals (Langergraber et al.
2007). Bonds among males were measured in
a number of ways, including the frequency
with which they were members of the same
party or maintained proximity to each other,
groomed, formed coalitions, shared meat, and
accompanied one another on hunts and bor-
der patrols (Figure 1). Bonds varied in length
from one to ten years, and 26 of 28 males
formed at least one bond lasting five years or
longer.

As among baboons, the formation of
stable, enduring relationships among male
chimpanzees was correlated with genetic
relatedness (Langergraber et al. 2007). In
Mitani’s (2009) study of 28 males observed
for at least five years, strong bonds lasting
one year or longer were formed in 56% of
maternal kin dyads, 68% of paternal kin dyads,
66% of unrelated age-mates, and 48% of
unrelated non-age-mates. The distribution of
bonds in one year predicted its distribution
in the next. Maternal half-brothers had more
equally balanced grooming relationships and
formed longer-lasting bonds than did unrelated
individuals. Males of similar dominance rank
had more equitable grooming relations and
longer-lasting bonds than males of disparate
ranks. There was no effect of age (Mitani 2009).

Kinship, however, was by no means the
only or even the most important determinant
of long-term bonds among males. Indeed, 22
of 28 males formed their longest, closest bond
with an unrelated animal, and the majority of
cooperative behavior was observed between
unrelated or distantly related individuals

(Mitani 2009). In a test of reciprocal exchanges
among 22 males, Mitani (2006) found sig-
nificant positive pairwise correlations among
several measures: grooming given and received,
support given and received in coalitions, meat
sharing, participation in hunts (Watts &
Mitani 2001), and participation in border
patrols (Langergraber et al. 2007). In all cases,
results remained significant after controlling
for rates of association, age, rank differences,
and genetic relatedness. In other words, the
best predictor of male X’s rate of interaction
with male Y by any of the seven measures listed
above was male Y’s rate of interaction with X
according to either the same behavioral mea-
sure or any other measure chosen from the list.
These results replicate data from previous, in-
dependent studies at Ngogo that found signif-
icant positive correlations between grooming
and coalitionary support (Watts 2000a, 2002),
meat sharing and coalitionary support, and
reciprocal meat sharing (Mitani & Watts 2001).

During Mitani’s 10-year study, seven of 28
males maintained a strong social bond with an-
other male during the entire period. One dyad
remained strongly bonded for all 10 years; an-
other dyad did so for nine years. With two ex-
ceptions, every male maintained at least one
bond that lasted well over half of the time that
he was observed (Mitani 2009).

In sum, male chimpanzees formed friend-
ships that lasted for many years, sometimes with
maternal kin but more often with unrelated
individuals.

The data from Ngogo are strongly sup-
ported by data from chimpanzee communities
elsewhere. In the Kanyawara community, for
example, many male-male dyads maintained
strong and stable associations for up to 10 years,
as measured by spatial proximity, grooming,
and alliances (e.g., Gilby & Wrangham 2008,
Newton-Fischer 2004, Nishida & Hosaka
1996, Watts 1998). In the Tai Forest, Wittig
& Boesch (2003a) assigned adult dyads a rela-
tionship benefit index (RBI) according to the
frequency with which they shared food (usually
meat) and formed coalitions. Nineteen of
105 dyads exchanged these behaviors
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frequently. Pairs with a high RBI also
had high rates of grooming and were more
likely than other pairs to exhibit reconciliatory
behavior after aggression (Wittig 2010).

Although early reports suggested that fe-
male chimpanzees interacted at low rates and
were generally asocial (Goodall 1986), more re-
cent data paint a different picture. In a study
of 39 females at Ngogo—the largest sample to
date—Langergraber et al. (2009) found that,
whereas the average index of dyadic party asso-
ciation among males was higher than the aver-
age among females, the strongest dyadic associ-
ations were found among females, even though
these females were rarely close kin (see also
Wittig & Boesch 2003b).

Other Species

A growing body of evidence indicates that the
friendships found in baboons and chimpanzees
are not aberrations: Similar long-lasting bonds
can be found throughout the animal king-
dom. For example, long-term studies have re-
vealed stable, enduring social bonds among
female African elephants (Loxodonta africana:
Moss et al. 2010), rhesus and Japanese macaques
(M. fuscata: Kapsalis 2004, Yamada 1963), and
capuchin monkeys (Cebus apella: O’Brien &
Robinson 1993; C. capuchinus: Perry et al.
2008). In all of these species, females are the
philopatric sex, and the strongest, most endur-
ing social bonds are formed among mother-
daughter pairs and sisters. In elephants, bonds
between mothers and daughters and between
sisters can persist for over 20 years (see Moss
et al. 2010 for review).

In rhesus macaques living on Cayo
Santiago, an island off the coast of Puerto Rico,
females have the opportunity to form close
bonds with many matrilineal kin, including
grandmothers and great aunts. As among
baboons, close maternal kin (mother-daughter
and sister pairs) form the closest friendships
(Widdig et al. 2001, 2006; see Kapsalis 2004
for review and Watanabe 2001 for similar data
on Japanese macaques). Examining behavior
within the matrilineal families of Cayo San-

tiago rhesus macaques, Kapsalis & Berman
(1996) found that, if degrees of relatedness (r)
were less than 0.125 (equivalent to half first
cousins), female interactions with matrilineal
kin did not differ from their interactions with
nonkin. Like baboons, female rhesus macaques
were also more likely to groom, approach, and
spend time near individuals of similar age and
half-sibs to whom they were related through
the paternal line (Widdig et al. 2001).

In capuchin monkeys, long alpha male
tenure can lead to groups containing full sib-
lings and both maternal and paternal half-
siblings (Perry et al. 2008). In Perry et al.’s
(2008) study, paternal half-siblings seemed
unable to recognize one another, and the
strongest, most enduring bonds involved indi-
viduals related through the maternal line. Sim-
ilarity in rank had a small but significant effect,
making bonds between these females stronger
than those among females of disparate ranks
(Perry et al. 2008).

In hyena (Crocuta crocuta) society, virtually
all males disperse from their natal clan whereas
females remain. In this respect hyenas resem-
ble the elephants and monkeys described above.
Within a clan, however, individual hyenas do
not forage and travel as a group but instead
exhibit fission-fusion behavior much like that
found in chimpanzees. Clans may contain up to
80 individuals belonging to one or more ma-
trilineal kin groups. The strongest long-term
bonds occur among females who are almost cer-
tainly close relatives through the maternal line
(see Smith et al. 2010 for review).

In feral horses (Equus caballus), both males
and females disperse from their natal group,
later forming stable breeding groups that in-
clude one stallion and several unrelated females.
In a four-year study, Cameron et al. (2009)
found striking differences in the degree of so-
cial integration (as measured by grooming and
proximity) among mares in different groups.
Mares that interacted at higher rates experi-
enced reduced rates of harassment by males,
higher foal birth rates, and greater survival
when compared with mares that interacted less
often.
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Long-term studies of dolphins (Tursiops
aduncus), begun in the 1970s and 1980s, are
currently underway in Sarasota Bay, Florida
(Wells 2003) and Shark Bay, Western Australia
(Mann et al. 2000). At both sites, some males
and many females disperse from their natal
range as adolescents, while a few individuals
of both sexes continue to use their natal range
as adults (Connor et al. 2000, Connor &
Mann 2006, Wells 2003). Within this range,
dolphins live in a fission-fusion society in
which individuals associate in small groups
that change composition often (Connor et al.
2000, Frere et al. 2010). In the Shark Bay
population of 600 individuals, adult males form
“first-order” alliances of two or three males
who join together to form a sexual consortship
with a female. At a second level of alliances, 4 to
14 males from two or more first-order alliances
join to defend or take over females from other
second- or first-order alliances. In addition to
their cooperation in aggression, allied males
exhibit high rates of spatial association, “gentle
rubbing” (touching or rubbing each other with
pectoral fins), and synchronous swimming and
surfacing (Connor & Mann 2006). Males in
both first- and second-order alliances are more
closely related to each other than would be
expected by chance (Krützen et al. 2003). The
bonds between individual members of a first-
order (and therefore second-order) alliance
may last for up to 20 years (Connor 2007).

WHO FORMS FRIENDSHIPS?

Clearly, the distribution of friendships within
animal groups is not random. Instead, several
patterns recur across species, with each pat-
tern relevant to hypotheses about the evolution
of long-term relationships and the mechanisms
that underlie them.

Often, the behaviors that define a friend-
ship occur close together in time, as for exam-
ple when one individual grooms another and
then receives grooming in return. This observa-
tion has led some authors to suggest that all so-
cial interactions reflect nothing more than each
individual’s “current need” (Henzi & Barrett

2007), resulting in a short-term “business part-
nership” (Barrett & Henzi 2002). According to
this view, describing such interactions as a re-
lationship is inappropriately anthropomorphic,
for several reasons. We consider this argument
below.

For now, we concentrate on the most consis-
tent patterns in the distribution of friendships:
individuals’ attraction to matrilineal kin, to
age-mates who may be paternal siblings, and
to animals of similar dominance rank. These
distributions allow us to test hypotheses based
on either kin selection or the assumption that
animals attempt to form relationships that
yield the greatest benefit to them.

Attraction to Matrilineal Kin

Kummer (1971) was the first to propose that
long-term bonds among adult matrilineal kin
arise as an extension of an infant’s interaction
with its mother. He suggested that, in species
such as baboons, vervet monkeys (Chloroce-
bus aethiops), macaques, hyenas, and elephants,
where females remain in their natal group and
generations overlap, the close bond between
mother and infant brings the infant into fre-
quent contact with her siblings, maternal aunts,
and sometimes a maternal grandmother. Re-
peated interactions are mutually reinforcing,
and the bonds formed during infancy persist
into adulthood (see Silk 2005 for review).

Forty years of field research have proved
Kummer correct: Matrilineal kinship is the sin-
gle most important factor affecting the devel-
opment of long-term bonds in animals. Even
in species such as chimpanzees and dolphins,
where most females disperse from their na-
tal range, genetic relatedness through the ma-
ternal line remains an important predictor of
friendships (Krützen et al. 2003, Mitani 2009).
Within the matrilineal kin groups of baboons,
rhesus macaques, Japanese macaques, and ca-
puchin monkeys, the likelihood of finding an
enduring, long-term bond is greatest among
mothers and daughters, then declines with de-
creasing relatedness through the maternal line
(Silk 2005).
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Chapais (2005) proposed that long-term re-
lationships among maternal relatives might oc-
cur only as a byproduct of animals’ common at-
traction to a central individual. If this were true,
bonds among kin should weaken when the cen-
tral individual dies. Results do not support this
hypothesis. Among baboons, females’ bonds
with sisters became stronger in their mother’s
absence. Bonds with aunts, on the other hand,
became weaker (Silk et al. 2006b). These data
suggest that bonds with different categories
of kin are interrelated, but not in exactly the
way Chapais suggested. Females seem strongly
motivated to form bonds with close matrilineal
kin such as mothers and sisters. As a result,
when a female loses her mother, this bond is
readily “replaced” by strengthened bonds with
the female’s own daughter or one or more
of her sisters. By contrast, females seem less
strongly motivated to form bonds with more
distant kin such as aunts, nieces, or cousins,
perhaps because, as Chapais suggested, these
relationships develop only indirectly through a
female’s close bonds with her mother, sisters,
and offspring. As a result, when a female’s
mother dies, these bonds become weaker.

The crucial role of matrilineal kinship in
the formation of friendships should not distract
us from another, equally striking result. Even
if they had no close kin present in the group,
female baboons and male chimpanzees consis-
tently formed at least one enduring friendship
with another individual (Mitani 2009, Silk et al.
2010a). This suggests that, for all its impor-
tance, attraction among matrilineal kin is not
the only factor leading to the formation of long-
term bonds. Instead, friendships may be gener-
ally beneficial for all individuals, and selection
may have favored the motivation to form such
bonds even when close kin are not available.

Attraction to Age-Mates Who May Be
Patrilineal Siblings

In most group-living mammals, the highest-
ranking male accounts for the great majority
of matings (Alberts et al. 2006). As a result, in-
fants born close together in time are likely to

be paternal sibs, particularly if breeding is sea-
sonal or a male has a long tenure in the alpha
position (Altmann 1979). Alpha male tenure av-
erages seven months in baboons (Alberts et al.
2003) but may extend for years in chimpanzees
and capuchin monkeys (Perry et al. 2008, Watts
1998).

Scientists long believed that in the absence
of paternal care or any special relationship be-
tween male and female mates there would be
no way for individuals to recognize paternal kin
and hence no mechanism by which natural se-
lection could favor cooperation among these in-
dividuals through kin selection. Several recent
studies suggest, however, that individuals may
be able to recognize and cooperate selectively
with paternal kin. Such recognition might oc-
cur because males remember the females with
whom they have mated and selectively defend
or cooperate with their infants (Buchan et al.
2003, Moscovice et al. 2010) or because infants
and juveniles are selectively attracted to age-
mates who are often paternal kin. In Moremi,
for example, several lactating females will often
form a friendship with the same male, with the
result that their offspring (who may be paternal
siblings) interact at high rates from infancy. Fi-
nally, individuals may be able to recognize their
close paternal relatives through some type of
“phenotypic matching” that is not yet well un-
derstood (Hauber & Sherman 2001).

In two studies of baboons and rhesus
macaques where at least some paternal relat-
edness was known, females had stronger bonds
with paternal kin and with unrelated age-mates
than with unrelated individuals who were not
age-mates. Bonds with paternal kin and/or age-
mates were weaker than bonds with mater-
nal kin but stronger than bonds with unre-
lated individuals. Among baboons, the strength
of friendships with age-mates declined steadily
as the age difference between females in-
creased (Silk et al. 2006b, 2010a). Among rhe-
sus macaques, paternal kin discrimination was
more pronounced among animals of a similar
age (Widdig et al. 2001).

By contrast, in a group of capuchin mon-
keys where male tenure in the alpha position
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was unusually long, full sisters, maternal half-
sisters, and mother-daughter dyads associated
at equally high rates, and all associated signif-
icantly more than paternal half-sisters (Perry
et al. 2008). In a sample of 35 male chimpanzees
that included 9 maternal half-sibs and 22 pater-
nal half-sibs, there was no evidence that age or
paternal relatedness affected the likelihood that
two individuals would form a long-term bond
(Langergraber et al. 2007, Mitani 2009). The
authors speculate that paternal kin “probably
cannot be reliably recognized” (Langergraber
et al. 2007, p. 7786).

Attraction to Individuals of Similar
Dominance Rank

If the formation of friendships is adaptive, fe-
males should be strongly motivated to form
bonds with those individuals with whom a
friendship would be most beneficial. Seyfarth
(1977) proposed that, in addition to their at-
traction to matrilineal kin, females in groups of
baboons and macaques would prefer to interact
with high-ranking individuals because these in-
dividuals can potentially provide the most use-
ful support in coalitions, tolerance at food sites,
reduced aggression, and other benefits. Access
to high-ranking partners would be constrained,
however, by either competition or competitive
exclusion (C cannot groom A or B when they
are grooming with each other). High-ranking
animals would be least constrained and interact
with others of high rank, middle-ranking indi-
viduals would compromise by interacting with
others of middle rank, and low-ranking animals
would be left to interact with each other. In sum,
animals would interact with others of similar
rank.

This model made a variety of predictions
concerning the formation of long-term rela-
tionships. Some have been supported, oth-
ers have not (see Schino & Aureli 2009 for
review). In two large meta-analyses, Schino
(2001) found a strong preference for groom-
ing high-ranking individuals over others and a
significant correlation between grooming and
the formation of coalitions (Schino 2007). In

the Amboseli baboon study, females closer in
rank had stronger, more equitable, and more
enduring bonds independent of kinship and
age than did females of more disparate ranks.
By contrast, female capuchin monkeys were
strongly attracted to those of similar rank when
group size was small and matrilineal kin few
in number, but this effect of rank distance de-
creased as group size increased and matrilineal
kin became more numerous (Perry et al. 2008).
Mitani (2009) found no effect of rank distance
in the long-term bonds of male chimpanzees.

Because attraction to kin and attraction
to rank are assumed to reinforce one another
in high-ranking families but counteract one
another in low-ranking families, the model
predicts that bonds within high-ranking
families should be stronger than bonds within
low-ranking families. This prediction is sup-
ported by several monkey studies (Berman
1980, Fairbanks 1993, Yamada 1963). The
same result, however, can also be explained by
the “similarity principle” (de Waal & Luttrell
1986), which proposes that animals establish
bonds with those they most resemble, with “re-
semblance” being based on genetic and social
background, age, or hierarchical position.

IS “RELATIONSHIP” AN
INAPPROPRIATE,
ANTHROPOMORPHIC TERM?

Henzi & Barrett (2007) argued that female
baboons in their study had unstable patterns
of grooming and proximity over a four-year
period (Barrett & Henzi 2002; but see the re-
analysis in Silk et al. 2010a). Grooming, how-
ever, was often reciprocal within a bout and
often occurred when one female was attempt-
ing to touch or handle another’s infant. Be-
cause females seemed to be “trading” groom-
ing given for grooming received or access to
a female’s infant, Henzi & Barrett (2007) con-
cluded that, “female ‘relationships’ . . . need not,
and probably do not, take the long-term, tem-
porally consistent form that has been attributed
to them . . . .” (p. 73). Instead, they argue for
a view, based on “biological markets” (Noë &
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Hammerstein 1994), in which “each of the be-
haviors linked to theories of female coexis-
tence . . . can be seen as an independent, con-
tingent response to current need rather than as
interlocking components of an overall female
strategy to cultivate and enhance relationships
in the long-term” (Henzi & Barrett 2007, p. 46).
Much of their criticism is based on what they
believe is an overly anthropomorphic concep-
tion of nonhuman primate relationships in the
minds of those who study them. Current use
of the term, they argue, is based on the as-
sumptions that “monkeys can anticipate their
future social needs” (p. 52), that “the function
of relationships is to ensure unstinting mutual
support . . . at unknown, unpredictable future
dates” (p. 64) and that the individuals concerned
“possess a declarative, explicit knowledge”
(p. 64) or an “overt, cognitive understanding”
(p. 46) of their relationships with others. This
critique is misplaced, for several reasons.

Memory of the Past, Not Projection
into the Future

Although “relationship” (and here “friend-
ship”) is widely used as a descriptive term,
none of those whose research is cited above
has ever claimed that monkeys, apes, or any
other species can anticipate their future social
needs. To the contrary, when scientists have
speculated about the mechanisms underlying
long-term relationships they have typically
assumed that current behavior is affected,
wholly or in part, by the individuals’ memory
of past interactions (Aureli & Schaffner 2002;
Cheney & Seyfarth 1990, 2007; Schino &
Aureli 2009). Or, as Hinde (1987, pp. 23–24)
put it, “When two individuals interact, each will
bring preconceptions about the likely behavior
of the other, or about the behavior appropriate
to the situation. In addition, if two individuals
have a series of interactions over time, the
course of each interaction may be influenced
by experience in the preceding ones. We then
speak of them as having a relationship . . . .”
Although the ability of animals to plan for the
future is controversial, there is no doubt about
their ability to learn from experience.

Implicit Knowledge

Nor has anyone claimed that animals’ knowl-
edge of their own and each other’s relationships
is explicit and declarative—indeed, quite the
opposite is true. To cite just one example:
“when we say that baboons have social theories
we do not mean that they have fully conscious,
well-worked-out theories that they can describe
explicitly . . . . Instead, baboons appear to have
implicit expectations about how individuals will
interact with one another. Through processes
we do not yet understand, they observe the
associations among other group members
and generate expectations” about how these
individuals will behave under different cir-
cumstances (Cheney & Seyfarth 2007, p. 118).
Implicit knowledge is widely documented in
studies of children and animals. Four-month-
old human infants have an implicit knowledge
about the behavior of objects in space but they
cannot describe what they know (Kellman &
Spelke 1983); children of 17 months can readily
understand the meaning of sentences, yet no
one claims that their behavior is based on an
explicit, declarative knowledge of grammar
(see Hirsh-Pasek & Golinkoff 1996 for review).
Nutcrackers (Nucifraga columbiana) remember
the locations of thousands of previously hidden
seeds (Balda & Kamil 1992), and piñon jays
(Gymnorhinus cyanocephalus) and fish behave
in ways that are difficult to explain without
assuming that they have some representation
of a transitive rank order (Grosenick et al.
2007, Paz-y-Miño et al. 2004). Yet knowledge
in these and other cases is clearly implicit;
it influences the animals’ behavior but is not
accessible to them. They cannot describe
what they know. Animals’ knowledge of social
relationships is no different.

The Recognition of Other
Animals’ Relationships

There is also now an extensive literature in-
dicating that animals recognize other individ-
uals’ relationships. Territorial birds recognize
the relations that exist among their neighbors
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(e.g., Peake et al. 2002), while fish, hyenas, lions,
horses, dolphins, and several species of primates
recognize other individuals’ dominance ranks.
When joining a coalition, for example, individ-
ual hyenas and monkeys selectively support the
higher ranking of two combatants regardless of
who is winning at the time (Engh et al. 2005; see
Seyfarth & Cheney 2011a for review). When
recruiting a coalition partner, male macaques
selectively solicit those who rank higher than
both their opponent and themselves (Silk 1999);
capuchin monkeys selectively solicit allies who
rank higher than their opponents and have
a social relationship with the solicitor that is
closer (as measured by the ratio of past affilia-
tive to aggressive interactions) than their rela-
tionship with the opponent. The preferential
solicitation of more closely bonded individuals
can be explained only by assuming that solici-
tors somehow compare the bond between the
ally and themselves with the bond between the
ally and their opponent (Perry et al. 2004). In
playback experiments, a sequence of calls that
mimics a higher-ranking opponent threatening
a lower-ranking animal elicits little response
from listeners, but if the individuals’ roles are
reversed the response is significantly stronger—
presumably because the rank-reversal sequence
violates the listener’s expectations (Bergman
et al. 2003; for reviews, see Cheney & Seyfarth
2011a, Schino 2001, Schino et al. 2007).

Animals also recognize the close bonds that
exist among others. In playback experiments
conducted on vervet monkeys and baboons,
females who heard a juvenile’s scream were
likely to look at the juvenile’s mother (Cheney
& Seyfarth 1990, 2007). Low-ranking male
baboons monitor the sexual consortships of
males and females in an apparent attempt to
take advantage of “sneaky matings” (Crockford
et al. 2007). In vervets and many macaque
species, an individual who has just been in-
volved in an aggressive interaction with another
will redirect aggression by attacking a third,
previously uninvolved individual. Judge (1982)
was the first to note that redirected aggression
does not occur at random. He found that pigtail
macaques do not simply threaten the nearest

lower-ranking individual; instead, they target
a close matrilineal relative of their opponent
(see Seyfarth & Cheney 2011a for review).

If a baboon receives aggression from an-
other and then, minutes later, hears a grunt
from a previously uninvolved animal, the lis-
tener’s response to the grunt depends on the
relationship between the calling animal and the
listener’s opponent. If the caller is a close ma-
trilineal relative of the opponent, the listener
is subsequently more likely to approach her re-
cent opponent and tolerate her opponent’s ap-
proach than if she hears the grunt of an an-
imal unrelated to her opponent or no grunt
at all. In other words, she treats the call as a
reconciliatory signal that functions as a proxy
for reconciliation with the opponent herself
(Wittig et al. 2007). A similar phenomenon oc-
curs among chimpanzees, where the behavior
of bystanders and victims following aggression
depends on both their own relationships with
the combatants and their perception of the re-
lationship between the other animals involved
(Wittig & Boesch 2010).

To cite another example, chimpanzees often
scream when involved in aggressive disputes.
Slocombe & Zuberbuhler (2005) found that
victims produce acoustically different screams
according to the severity of aggression they are
receiving. In playback experiments, listeners
responded differently to the different scream
types (Slocombe et al. 2009). In cases of severe
aggression, victims’ screams sometimes seemed
to exaggerate the severity of the attack, but
victims only gave exaggerated screams if their
foraging party included at least one listener
whose dominance rank was equal to or higher
than that of their aggressor (Slocombe &
Zuberbuhler 2007). Victims seemed to alter
their screams depending upon their perception
of the relationship between their opponent and
their potential allies.

In sum, the recognition of other animals’
relationships by the animals themselves has
been widely documented in many species
using many different techniques (for review,
see Shettleworth 2010, chapter 12). The
representations that underlie such recognition
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undoubtedly differ from one species to the next
and certainly differ from humans’ more explicit
social knowledge, but there is no doubt that
animals acquire and remember information
about other animals’ relationships and that this
knowledge affects their behavior. No special
skill is required, nor should we be surprised at
these abilities: Animals live in a world where
there are predictable, statistical regularities in
other individuals’ behavior. All they need to do
is watch and remember.

Many Behaviors Are Not Contingent
Responses to Current Need

Supporting the “current needs” hypothesis,
many behaviors that characterize friendships
do occur close together in time. In perhaps
the paradigmatic example, female primates are
strongly attracted to newborn infants and invest
many minutes grooming a mother in the appar-
ent hope of being able to touch her infant (Silk
et al. 2003). Henzi & Barrett (2002) found that
female baboons groomed mothers for longer
before handling their infants when there were
fewer infants present in the group. Infants, they
argued, were a “commodity” whose value de-
pended on the current supply.

Similar data emerged from an experiment in
which first one and then a second female vervet
monkey was uniquely granted access to a sup-
ply of food (Fruteau et al. 2009). When only one
female had access to the food, she received sig-
nificantly more grooming from others. When
a second female gained access to the food, the
grooming received by the first declined, as pre-
dicted by a current benefits, biological market
hypothesis.

The best data indicating that one beneficial
act is contingent upon another—with or
without a short delay—come from experiments
in which a single prior event differs from
one condition to another and this difference
affects behavior (de Waal 1997a, Hemelrijk
1994, Seyfarth & Cheney 1984). In one such
test, a baboon who heard another individual’s
recruitment call responded positively—that is,
moved in the direction of the loudspeaker and

approached the individual—if she had recently
groomed with that individual and the individual
had an infant, but showed no such behavior if
she had recently behaved aggressively toward
the individual. If the subject had groomed with
the individual but not heard a recruitment
call, she also showed no tendency to approach.
Subjects’ responses were therefore dependent
upon certain prior and current conditions,
suggesting that at least some cooperative
interactions depend on a specific, recent, prior
interaction (Cheney et al. 2010).

Despite these data, several observations ar-
gue against the current needs hypothesis as a
complete explanation of the mechanisms un-
derlying friendships. First, it has proved dif-
ficult to demonstrate contingent, one-for-one
exchanges of cooperative behavior in labora-
tory settings. This may arise because the set-
tings are too unnatural (but see de Waal 1997b,
2000) or because animals do not keep precise
track of favors given and received (see Schino
& Aureli 2009, Silk 2007 for review). Brosnan
et al. (2009) note that laboratory tests depend
primarily on the exchange of goods, particularly
food, whereas “exchanges” in the wild are pri-
marily concerned with services, such as groom-
ing and support, which may be more suited to
economic exchanges. The argument is intrigu-
ing, but it cannot account for the striking differ-
ence between chimpanzees’ food-sharing be-
havior in the wild and the lack of it in captivity.

But the strongest argument against the
current needs hypothesis comes from the dis-
tribution of cooperative behaviors in time and
their distribution among individuals. Highly
correlated behaviors that are separated in time
create an asymmetry whenever the current
needs hypothesis is compared with one based
on the memory of previous interactions. If two
behaviors are closely linked in time, results are
consistent with current needs, but one cannot
rule out the possibility that behavior has also
been caused by the individuals’ memories of
past interactions. Experiments in captivity get
around this problem by testing for cooperation
between animals who have never interacted
before, but this hardly solves the problem. After
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all, one goal of such experiments is to explore
the conditions under which selection might
have favored the evolution of cooperative, long-
term bonds under natural conditions—which
brings us back to the same problem.

By contrast, if two correlated behaviors are
widely separated in time, results can decisively
rule out an explanation based on current
needs or, at the very least, require that we
expand the current needs hypothesis to include
behaviors that are widely separated in time
and linked by the individuals’ memories of
past interactions—which brings us back to
long-term relationships.

In many monkeys, the pairs of females who
groom most often are also those most likely to
support each other in coalitions, yet grooming
and coalition formation are rarely juxtaposed
in time (e.g., Kapsalis 2004, Schino 2007).
Among pairs of male chimpanzees at Ngogo,
those who groom most often also have the
highest rates of coalition formation and par-
ticipation in border patrols, yet these behav-
iors do not necessarily occur together. The
same holds for meat sharing and coalition for-
mation in the Tai Forest, and for grooming
given and grooming received (Kapsalis 2004,
Schino 2007). In Japanese macaques (Schino
et al. 2003, 2007), chimpanzees (Gomes et al.
2009), baboons (Frank & Silk 2009), and ca-
puchin monkeys (Schino et al. 2009), groom-
ing within a bout is often very one-sided, yet
grooming between the same two partners is
much more evenly balanced when it is summed
over weeks or months. All of these results sug-
gest that primates “are tolerant of temporary
imbalances in services given and received and
are able to keep track of the help given and re-
ceived over substantial periods of time” (Silk
et al. 2010a, pp. 1743–1744).

This tolerance of temporary imbalances may
be particularly evident in closely bonded dyads.
For example, in experiments with chimpanzees,
vervet monkeys, and baboons, prior grooming
had a strong effect on individuals’ subsequent
cooperative behavior in weakly bonded dyads
but no noticeable effect on their behavior in
strongly bonded dyads (Brosnan et al. 2005,

Cheney et al. 2010, de Waal 1997a, Seyfarth
& Cheney 1984).

In sum, although the current needs hypoth-
esis may account for some of the cooperative
interactions that characterize friendships, it
cannot explain the many cooperative interac-
tions that are widely separated in time—unless,
of course, we broaden the temporal scope of
the hypothesis so that it includes the memory
of past interactions, tolerance of temporary
inequities, and allows individuals somehow to
“sum” their notion of prior benefits over days,
weeks, or months. But in this case the hy-
pothesis would no longer be based on current
benefit. The current needs hypothesis also fails
as an exclusive explanation of long-term bonds
because so many immediately beneficial inter-
actions involve individuals who interact often
and whose long history almost certainly affects
what they do. Contingent cooperation does
occur in animals, but it cannot account for the
existence of enduring, long-term friendships.
What hypothesis accounts for the existing data?

ANIMALS’ KNOWLEDGE OF
RELATIONSHIPS AFFECTS
THEIR BEHAVIOR

The current needs hypothesis focuses on tem-
porally juxtaposed interactions, and these inter-
actions alone, as the crucial causal elements in a
chain of events. By contrast, in Hinde’s original
studies the response of a rhesus macaque infant
to separation from its mother was best predicted
not by any single prior interaction but instead
by characteristics of the mother-infant relation-
ship during the preceding weeks. This observa-
tion led Hinde to propose that, when animals
spend long periods of time together and inter-
act often, the causes of their behavior are to be
found not in any single prior event but rather in
the cumulative memories and emotions created
by many previous interactions: what he called
the animals’ “relationship.” Hinde’s results, to-
gether with the data reviewed above, suggest an
alternative to the current needs hypothesis.

We propose that a series of interactions
between two individuals leads, over time, to a
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relationship that is implicitly recognized both
by the participants themselves and by others
in their group. In this respect we reify the
concept of a relationship. We propose that it
exists as an implicit organizing concept, or unit
of thought, in the mind of an animal, built up
from the memories and emotions generated
by the animal’s own experiences and by her
observation of others. Of course, the animal’s
knowledge of her own and others’ relationships
is not explicit—she has no name for different
individuals or different social bonds—but it is
knowledge nonetheless, like a rat’s knowledge
of which bar to press or a bird’s knowledge of
the dominance relations among its neighbors.

We agree with de Waal (2000), Aureli &
Schino (2004), and Silk (2007) that, however
it is encoded in the brain, an animal’s knowl-
edge of her relationships must be affected by
several factors, including the memory of past
events, the emotions associated with them,
and the emotions currently experienced: what
de Waal (2008) calls “empathy,” Silk (2005)
calls “friendship,” and Schino & Aureli (2009,
p. 59) describe as “a system of emotionally
based bookkeeping that allows the long-term
tracking of reciprocal exchanges with multiple
partners without causing an excessive cognitive
load.” We further suggest that, like any other
knowledge that is built up from memory and
emotions—a rat’s knowledge of schedules of
reinforcement, or a jay’s knowledge of where
it has hidden and recovered food—an animal’s
knowledge of relationships has causal power: It
affects the animal’s behavior. How might this
work?

We propose that one animal’s behavior
toward another does not rely solely on his
memory of specific past interactions (although
these are undoubtedly important), but de-
rives instead, as a kind of cognitive/emotional
shortcut, from his emotions when with that
individual and the emotions and memories gen-
erated by the recall of many past interactions,
all summed over time (Aureli & Schaffner 2002,
de Waal 2008). Different memories and emo-
tions, continually updated, cause different pat-
terns of behavior. For some pairs of animals,

memories and emotions lead to more affini-
tive interactions, which in turn generate more
positive memories and emotions. These ani-
mals’ bonds are strong, enduring, and relatively
unaffected by aggression or temporary imbal-
ances in grooming. For other pairs, memories
and emotions are less positive or derived from
fewer interactions. These animals’ bonds are
less predictable and may depend more on re-
cent events. Supporting this view, recall that sis-
ters and aunt-niece pairs in baboons maintained
strong friendships despite higher rates of ag-
gression than other, less closely bonded dyads,
and that in both female baboons and male chim-
panzees, pairs with the most equitable groom-
ing relations over long periods of time—but
not within a bout—had by other measures the
strongest friendships (Aureli & Schaffner 2002).
Recall, too, the many cases in which cooper-
ation depended on recent interactions in less
closely bonded pairs but was independent of
recent events in more strongly bonded pairs
(Cheney et al. 2010, de Waal 1997a, Schino &
Aureli 2009, Seyfarth & Cheney 1984). Close
friends cooperate regardless of what happened
recently; others are more concerned with “what
have you done for me lately?”

For closely bonded individuals, the emo-
tions created by the memories of past inter-
actions constitute a common currency through
which behaviors of different sorts can affect one
another. Grooming on Tuesday can create an
emotional bond that causes meat sharing on
Saturday afternoon. Memories and emotions
also allow individuals to adopt a “loose account-
ing mechanism” that can potentially yield great
benefits without relying on more precise calcu-
lations based on single past events (Schino &
Aureli 2009, p. 57).

Armed with the notion of a relationship—
call it a “behavioral abstraction” (Povinelli
& Vonk 2004), an “intervening variable”
(Shettleworth 2010, p. 451), or a “concept”
(Seyfarth & Cheney 2011b)—animals classify
others according to their relationships and de-
velop expectations about how they will inter-
act. When a juvenile baboon screams, other
animals look toward the mother. When a
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capuchin, a macaque, or a chimpanzee is in-
volved in aggression, its behavior depends on its
perception of the rank relations among others.
If two baboons fight and a bystander grunts to
the victim, the grunt reconciles victim and ag-
gressor (i.e., changes their behavior), but only
if the bystander is a close kin of the victim. If
two chimpanzees fight and a bystander behaves
in a friendly way toward the victim, this behav-
ior reconciles the combatants, but only if the
bystander has a close bond with the aggressor
(Cheney & Seyfarth 2007, Wittig 2010, Wittig
& Boesch 2010). Just as an animal’s own behav-
ior toward another is affected by their relation-
ship, so the animal’s behavior toward others is
affected by his perception of their relationship.

By treating animals’ knowledge of their own
and other individuals’ relationship as an inter-
vening variable with causal power, we can ac-
count for many of the data on friendships that
cannot be explained by a hypothesis based on
current benefits in a biological market: the cor-
relation of behaviors separated in time, the cor-
relation between qualitatively different behav-
iors, and the relatively greater importance of
contingent cooperation in weakly bonded, as
opposed to strongly bonded, dyads.

Finally, this explanation of long-term re-
lationships requires no special mechanism or
novel cognitive abilities. It assumes that animals
recognize others as individuals, remember past
interactions, and observe and remember the in-
teractions of others. It further assumes that,
from these memories and the emotions they
generate, animals form implicit concepts that
allow them to distinguish between their own
relations with different individuals as well as
the different relationships that these individuals
have with each other—but this requires nothing
more than the same concept-forming ability we
see, for example, in the classification of differ-
ent song types or the recognition of transitive
relations by birds.

MECHANISMS

Monogamy is rare in nonhuman primates and
mammals generally. It does occur, however,

among some rodents and New World mon-
keys (Fernandez-Duqué et al. 2009). Recent re-
search is beginning to reveal some of the ge-
netic and hormonal mechanisms that underlie
monogamous bonds and that might also under-
lie the friendships reviewed here.

It is now clear that the peptide hormones
oxytocin and arginine vasopressin are involved
in the formation of male-female pair bonds in
rodents (see Carter et al. 2008 for review). Oxy-
tocin is associated with prosocial behaviors in
female mammals, and the gene coding for its re-
ceptor, OXTR, is heavily expressed in the brains
of female rodents (see Carter et al. 2008 for
review). By contrast, the arginine vasopression
pathway, including the V1a receptor gene, is in-
volved in the expression of partner preference
in male mammals (see Turner et al. 2010 for re-
view). In monogamously mated pairs, different
levels of oxytocin may be associated with vari-
ation in bond strength. In a study of monoga-
mously bonded tamarins (Saguinus oedipus), for
example, Snowdon et al. (2010) found that both
males and females exhibited a tenfold variation
in levels of oxytocin. Within pairs, however,
male and female levels were highly correlated,
and the pairs that were most strongly bonded
exhibited the highest ocytocin levels. Different
behavioral variables were correlated with levels
of oxytocin in each sex: For females, affiliation
duration and affiliation frequency were the best
predictors of oxytocin levels; for males, the best
predictor was sexual behavior. The variation in
mean oxytocin levels across pairs, however, was
best explained by a model that included male
sexual behavior, male huddle initiation, and fe-
male solicitation (Snowdon et al. 2010). In other
words, as with Hinde’s study of responses to
separation, the mean oxytocin level in a pair
was best predicted not by any single property
of either individual but rather by properties of
the pair’s relationship.

In both human and nonhuman species, the
stress response [as measured by levels of circu-
lating glucocorticoids (GCs)] can be mitigated
by social contact and affiliation (for review, see
Carter et al. 2008, Cheney & Seyfarth 2009).
Increasing GC levels prompt the release of
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oxytocin, which increases motivation for social
bonding and physical contact (Uvnas-Moberg
1997). Oxytocin both inhibits the further re-
lease of GCs and promotes affiliative behavior,
including the tendency to associate with other
females. From a functional perspective, such
behavior may be adaptive because it allows
females to establish new relationships, maintain
existing bonds, or restore bonds that have been
damaged. Among both baboons and rhesus
macaques, females whose grooming networks
were focused on a few partners had lower
GC levels than did females whose grooming
networks were more diverse (Brent et al. 2011,
Crockford et al. 2008).

Consistent with this view, data from several
species suggest that, when individuals are under
stress or their long-term bonds are challenged,
they respond in ways that seem designed either
to restore and strengthen existing relationships
or to form new ones. Such behavior also has
the effect of reducing GC levels. In baboons,
for example, females who have lost a close com-
panion to predation increase both their rate of
grooming and the diversity of their grooming
partners. From a functional perspective, this
behavior may allow females to form a close
bond with a new partner (Engh et al. 2005).
If a female’s mother dies, her bonds with sis-
ters grow stronger (Silk et al. 2006b). Lactating
females whose infants are threatened by infan-
ticide decrease the diversity of their grooming
partners, apparently focusing their interactions
on a few preferred individuals (Wittig et al.
2008). They also form friendships with adult
males (Palombit et al. 2000). In their study of
monogamous tamarins (see above), Snowdon &
Ziegler (2007) found high rates of nonconcep-
tive sex not only throughout the ovarian cycle
but also during pregnancy. Rates of nonconcep-
tive sex and female solicitation increased after
minor disruptions of a pair’s relationship, for
example by brief separations or olfactory stimu-
lation from novel females. The authors suggest
that nonconceptive sex may function to restore
or maintain a relationship that is under chal-
lenge. A variety of data suggest that “reconcil-
iation” (that is, friendly behavior immediately

following aggression) may play a similar role
in restoring a relationship that has been tem-
porarily disrupted (see Arnold et al. 2010 for
review).

Evidence that animals strive to restore and
maintain social bonds when challenged finds
parallels in studies of humans, where the loss of
a close companion is a potent stressor, and indi-
viduals show an increased tendency to associate
with others when under stress (e.g., Kendler
et al. 2005). The number of ‘‘core’’ individuals
on whom people rely for support during times
of crisis (3–5 individuals) tends to be signifi-
cantly smaller than their circle of mutual friends
(12–20) or regular acquaintances (30–50) (Zhou
et al. 2005). In the elderly, strong social net-
works enhance survival (Giles et al. 2005), and
when humans perceive future social opportu-
nities to be limited or at risk—either as they
age or when they become ill—they tend to con-
tract their social networks and become more se-
lective in their social relationships (Carstensen
1995).

EVOLUTION

Whatever the underlying mechanisms, individ-
uals in many species seem strongly motivated
to form at least one enduring social bond, even
though they may be constrained by demogra-
phy from doing so with a “preferred” partner.
Among female baboons, macaques, hyenas, and
elephants, where females remain with their ma-
trilineal kin throughout their lives, individuals
preferentially form long-term bonds with close
relatives such as mothers, daughters, and sis-
ters (Kapsalis 2004, Moss et al. 2010, Silk et al.
2010a, Smith et al. 2010). In most cases these
individuals are readily available, and long-term
bonds develop naturally from the close bond
established at birth between a mother and her
daughter. If close kin are not available, however,
individuals form long-term bonds with more
distant relatives, with age-mates who may be
patrilineal siblings, or with unrelated individu-
als. Regardless of demography, most individuals
form at least one enduring social bond (Mitani
2009, Silk et al. 2010a).
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In dolphins and horses (where both sexes
disperse from their natal group), chimpanzees
(where females disperse but male kin remain
with their brothers), and lions (Panthera leo) and
Assamese macaques (M. assamensis) (where only
males disperse), long-term alliances among
males sometimes involve kin. More often, how-
ever, they are formed by unrelated individuals
(dolphins: Kopps et al. 2010; horses: Cameron
et al. 2009; chimpanzees: Mitani 2009; lions:
Packer et al. 1991; Assamese macaques: Schulke
et al. 2010). In Mitani’s study, for example, de-
spite the presence of many maternal and pater-
nal kin pairs, 22 of 28 male chimpanzees formed
their most enduring bond with an unrelated
individual.

Natural selection therefore appears to have
favored individuals who are motivated to form
long-term bonds per se, not just bonds with
kin. This suggests that long-term bonds (and
the motivation to form them) have not evolved
simply as an incidental consequence of the
close mother-infant relations in species with
overlapping generations. Nor can they be ex-
plained simply as the result of selection favor-
ing cooperation between any individuals who
are close genetic relatives. Instead, long-term
bonds have evolved both through inclusive fit-
ness (in species where bonds are formed with
kin) and/or through direct fitness (in species
where bonds are formed with unrelated indi-
viduals). The exact balance between these two
selective pathways is likely to be complex. In li-
ons, for example, individuals in small groups of
males are more likely to form enduring bonds
with unrelated individuals, probably because
without such partners they cannot take over a
pride of females. As the number of males in-
creases, however, long-term bonds are more
likely to be found exclusively among genetic
relatives (Packer et al. 1991; see Smith et al.
2010 for review).

Finally, we now have direct evidence that
enduring social bonds can increase individuals’
reproductive success. Among female baboons,
individuals with the most stable, enduring
relationships experience higher infant survival
(Silk et al. 2003, 2009) and live longer (Silk

et al. 2010b) than individuals without such
relationships. Among horses, more closely
bonded females exhibit higher birth rates and
higher infant survivorship (Cameron et al.
2009); a similar phenomenon appears to exist
among female dolphins (Frere et al. 2010).
Among male dolphins, the formation of a
long-term alliance increases a male’s repro-
ductive success over what it would have been
had no such alliance been formed (Connor
et al. 2000). Allied males compete for access to
females, and males within a successful alliance
appear to share paternity relatively equally
(Kopps et al. 2010). Among chimpanzees and
Assamese macaques, a male’s reproductive
success is directly related to his rank, which
in turn is directly related to the coalitionary
support he receives from others (chimpanzees:
Boesch 2009, Constable et al. 2001, Nishida
& Hosaka 1996; macaques: Schulke et al.
2010).

These data from the field are consistent with
those from the laboratory. In one study, female
rats that lived with their sisters differed in the
quality of their relationships, and these differ-
ences remained stable for months at a time.
Sisters that showed the most reciprocal affili-
ation when young (as measured by approach-
ing, touching, or inspecting) were less vulner-
able to stress and less likely to develop tumors
at older ages (Yee et al. 2008). As with much
of the data reviewed above, the best predictors
of an animal’s resistance to stress, susceptibility
to tumors, morbidity, and mortality were not
properties of the individual herself but rather
were “structural features of her relationship”
with her sister (p. 1057; see also Weidt et al.
2008).

The data also complement those from clini-
cal studies of humans, where social integration
has important effects on the cardiovascular, en-
docrine, and immune systems, effects that ap-
pear to be independent of the personality traits
of the individuals involved (Uchino et al. 1996).
Social integration is also an important predictor
of longevity (Eriksson et al. 1999) and mortal-
ity (Berkman et al. 2004; see Holt-Lunstad et al.
2010 for review).
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SUMMARY

We can see in many group-living mammals
the evolutionary origins of human friendship.
In horses, elephants, hyenas, dolphins, mon-
keys, and chimpanzees, evolution has favored
the motivation to form close, enduring social
bonds either among females, among males, or
between males and females. Genetic related-
ness affects the formation of friendships. In
species such as baboons, macaques, and ele-
phants, where males disperse and females re-
main in their natal group throughout their lives,
friendships are more likely among females, who
form enduring bonds with the most obvious cat-
egory of partners: close matrilineal kin who are
brought together from the moment a female
is born. By contrast, in species such as chim-
panzees and dolphins, where female dispersal is
common and males remain together, long-term
bonds are more likely among males.

Not all friendships, however, can be traced
to kinship. If a female baboon has no mother or
daughter present, she forms her strongest bond
with a sister or an unrelated animal, often an
age-mate. Many male chimpanzees form their
strongest bond with an unrelated male. Mares
in a herd of horses form stable, enduring bonds
despite being unrelated. Natural selection ap-
pears to have favored the motivation to form

friendships generally, not just friendships with
kin.

Friendships are striking because they often
involve cooperative interactions that are widely
separated in time. One male chimpanzee sup-
ports another in a coalition, three days later his
partner offers him meat, and over many months
the two behaviors are highly correlated. Endur-
ing friendships are thus built, at least in part, on
the memory of past interactions and the emo-
tions associated with them.

Applying the term “friendship” to animals is
not anthropomorphic. To the contrary, many
observations and experiments have shown that
animals recognize the close social bonds that
exist among others. Results suggest that friend-
ship is an implicit organizing concept, or unit
of thought, in the minds of some animals.
Naturally, this concept is neither as rich nor
explicit as our own, but it is a concept nonethe-
less, no different from many concepts al-
ready documented in studies of animal learning
(Seyfarth & Cheney 2011b).

Friendships are adaptive in different ways
for males and females. Among males, allies
have superior competitive ability, higher domi-
nance rank, and improved reproductive success.
Among females, individuals with the strongest,
most enduring social bonds experience less
stress, higher infant survival, and live longer.

SUMMARY POINTS

1. Close, enduring relationships (or friendships) occur throughout the animal kingdom,
particularly among long-lived mammals such as primates, dolphins, and elephants.

2. These bonds are adaptive for the individuals involved. Among males, they increase the
individuals’ reproductive success; among females, they reduce stress, increase infant sur-
vival, and increase longevity.

3. We can therefore see the evolutionary origins of human friendships in the social bonds
formed among nonhuman primates.

FUTURE ISSUES
Unresolved questions include:
1. What are the proximate mechanisms that underlie the formation of close, enduring social

bonds? Reduced stress? Decreased vulnerability to predation as a result of becoming less
peripheral? In males, greater access to mates?
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2. What are the evolutionary benefits? In female primates at least, they appear not to include
greater defense against predators, greater access to food, or increased rank. They may
include better infant survival and increased longevity. How do these benefits arise?

3. What behavioral traits are most closely correlated with the formation of long-term bonds?

4. Finally, scientists have traditionally believed that sociality evolved either to defend re-
sources (usually food) or to defend against predators. Perhaps we should now revise these
assumptions, since female (and in some cases male) sociality appears to be adaptive in
its own right, independent of food and predators—so important that even in species
where females disperse, such as horses and chimpanzees, they strive to establish bonds
with other females. Group formation may have evolved not just because it reduces an
individual’s risk from predation or increases her ability to find food, but also because it
provides her with opportunities to form a long-term bond with another individual.
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a b

c

Figure 1
Male chimpanzees in Ngogo, Uganda (a) engage in grooming, (b) share meat after killing a monkey, and
(c) embark on a border patrol against males of a neighboring community. Among individual males, there is a
significant positive correlation among all three behaviors, even though they do not necessarily occur
together in time. Photos by John Mitani.
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