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Summary
Social relationships in nonhuman primates result from investments that individuals make
while pursuing  tness-maximizing strategies. These strategies sometimes include social
exchange, either reciprocity (exchange of the same acts) or interchange (exchange of
different acts). Individuals in many species may negotiate for services in biological markets,
particularly grooming and agonistic support. They also may compete for access to valuable
social partners. Abundant evidence for reciprocity in grooming and in support and for
competition over partners exists, notably for females in some cercopithecines. However,
evidence for interchange of grooming and support is scarcer, and apparent interchange may
be a byproduct of correlations between grooming or support and some third variable (e.g.
dominance rank). Chimpanzees have been prominent in discussions of social exchange,
especially because male chimpanzees cooperate in many ways. Most analyses of interchange
have used data on captive chimpanzees; these provide good evidence for reciprocity, but
ambiguity with regard to interchange. Data on an unusually large chimpanzee community at
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Ngogo, Kibale National Park, Uganda, strongly support the argument that social exchange is
prominent in social relationships among males. Males at Ngogo show reciprocity in grooming
and support. They also interchange grooming given and support received, as well as grooming
received and support given, independently of reciprocity in grooming and support and of
correlations of support and grooming with dominance rank. However, most cooperation
in contests with third parties took low risk forms (e.g. both participants outranked their
opponent). In this, males at Ngogo resemble captive chimpanzees and female cercopithecines.
Reciprocity and interchange in this context may be important in the maintenance of social
bonds between males, and in attainment and maintenance of high dominance rank, but
probably represent mutualism, not reciprocal altruism.
Keywords: chimpanzees, social relationships, reciprocity, interchange, grooming, coalitions,
mutualism.

Introduction
Kummer (1978) proposed that social relationships in nonhuman primates are
the outcomes of investments that individuals make as they follow strategies
to increase inclusive  tness. ‘Investments’ refers to partner choice for
association or grooming, allocation of grooming among partners, provision
of agonistic support, and so on, and the value of potential social partners
varies with the  tness bene ts that relationships with them can bring. In
this in uential perspective, primates often engage in exchanges of social
acts, including reciprocity (exchange of the same act) and interchange
(exchange of different kinds of acts; Hemelrijk, 1990a). Interchange of
grooming for agonistic support may be particularly important. This raises
the possibility that relatively powerful individuals who can provide effective
support — for example, high-ranking females in baboon (Papio spp.) and
macaque (Macaca spp.) groups — are attractive grooming partners and that
others compete to groom them (Seyfarth, 1977, 1980). Whenever individuals
cannot forcibly appropriate valuable social resources from others, and the
ability of others to provide these resources varies, they should compete for
partners and negotiate about resource distribution in biological markets (Noë
et al., 1991; Noë & Hammerstein, 1994). Market effects, like ‘shopping’
for alliance partners by male baboons (Noë, 1992; Noë & Sluijter, 1995),
may be common among primates, many of which seem to use knowledge
about variation in partner quality and about third-party social relationships
extensively when developing and maintaining their own social relationships
(Harcourt, 1989, 1992; Cheney & Seyfarth, 1990; Cords, 1997).
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In primate species that form multi-female groups and in which females are
philopatric and establish clear dominance hierarchies (‘resident-nepotistic’
species; Sterck et al., 1997), grooming among females is common and females form differentiated grooming networks. In some cases, females also
frequently form coalitions with relatives and non-relatives. Much of the theoretical and empirical focus on interchange of social acts in nonhuman primates has been on whether females in these species reciprocate grooming
and support, compete for grooming partners, and trade grooming and coalitionary support (e.g. Seyfarth, 1977, 1980; Hemelrijk, 1990a, b; Perry, 1996;
Barrett et al., 1999; Henzi & Barrett, 1999; Schino, 2001). A recent metaanalysis of data on resident nepotistic species of Old and New World monkeys (Schino, 2001) provides strong support for the hypotheses that females
show reciprocity in grooming and in coalition formation and that they compete for grooming partners. However, as Schino (ibid.) and Henzi & Barrett
(1999) note, support for the hypothesis that females in these species interchange grooming and support is weaker (cf. Hemelrijk, 1990b; Matheson &
Bernstein, 2000). Also, apparent interchange of grooming and support may
be a byproduct of causal relationships between both of these variables and
some third variable. For example, Hemelrijk (1990b) showed that correlations between grooming given and support received, and between grooming
received and support given, in a group of vervet monkeys (Cercopithecus
aethiops) were non-signi cant when the effects of dominance rank were
controlled. Individuals showed reciprocity in grooming and preferentially
groomed high-ranking partners, while high-ranking individuals supported
others at high rates.
Chimpanzees (Pan troglodytes) also  gure prominently in discussions of
reciprocity and interchange among primates, for two major reasons. First,
bene ting from social exchanges may be cognitively demanding. Observations under naturalistic conditions imply, and many experiments show, that
chimpanzees have complex cognitive capacities, including some capacity to
assess numerosity and to judge proportions (Woodruff & Premack, 1981;
Boysen, 1997; Biro & Matsuzawa, 2001). Such quantitative abilities could
help in tracking social exchange balances (de Waal & Luttrell, 1988). However, individuals could instead maintain favorable cost-to-bene t ratios simply by tracking the relative frequency with which they direct acts towards
others and receive acts from them, a less demanding cognitive task (Hemelrijk, 1990a; Hemelrijk & Ek, 1991). Also, bookkeeping is unnecessary if all
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participants in an act of social exchange or a cooperative interaction gain net
bene ts (de Waal & Luttrell, 1986; Chapais, 1992).
Secondly, chimpanzee males use notably complex tactics to compete and
cooperate with conspeci cs and can be considered ‘male-bonded’ (van Hooff
& van Schaik, 1994). Wild chimpanzees live in socially bounded, multimale, multi-female communities whose members form parties that vary in
composition and duration, largely because of variation in the abundance and
distribution of ripe fruit (Nishida, 1968; Wrangham, 1979). Males are typically more gregarious than females (Nishida & Hiraiwa-Hasegawa, 1987;
Pusey, 2000). They are also philopatric, but maternal relatedness does not
have consistently strong affects on their social relationships with each other
(Goldberg & Wrangham, 1997; Mitani et al., 2000; Mitani et al., in press).
Otherwise, relationships among males in the same community resemble
those among female macaques in that they involve differentiated association and grooming networks and frequent coalition formation. Many, if not
all, male dyads establish decided dominance relationships. Most males make
much effort to achieve high dominance rank. Some dyads form alliances
(i.e. repeatedly and consistently form coalitions with each other) that can facilitate these efforts, and alpha males may depend on allies to retain their
positions (de Waal, 1982; Nishida, 1983; Goodall, 1986; Nishida & Hosaka,
1996; Watts 1998). High-ranking males often gain disproportionately large
shares of copulations (Tutin, 1979; Hiraiwa & Hiaraiwa-Hasegawa, 1990;
Watts, 1998), which can bring high reproductive success (Constable et al.,
2001). Male-male grooming is relatively more common than grooming between males and females or among females (Goodall, 1986; Nishida &
Hiraiwa-Hasegawa, 1987), and it contributes to alliance development and
maintenance (de Waal, 1982; Hosaka & Nishida, 1996). Males sometimes
cooperate in hunting, and they routinely share meat (Boesch & Boesch, 1989;
Boesch, 1994; Boesch & Boesch-Achermann, 2000; Stanford, 1998; Mitani
& Watts, 2001). Also, all the males of a community cooperate in competition with members of neighboring communities. This includes responding aggressively to neighbors encountered during foraging (Goodall, 1986;
Boesch & Boesch-Achermann, 2000; Herbiger et al., 2001) and deliberately
patrolling territory boundaries to search for signs of neighbors. Patrollers
may attack outnumbered neighbors, sometimes lethally (reviewed in Wrangham, 1999).
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Given the extent and importance of such cooperation (even at Taï, where
male alliances in uence dominance relationships less than in other populations; Boesch & Boesch-Achermann, 2000), models of exchange and partner
competition developed with reference to female cercopithecines ought to apply to male chimpanzees (Watts, 2000b). For example, males presumably
have opportunities to bene t from the interchange of grooming and agonistic support (Hemelrijk & Ek, 1991). However, most analyses of the exchange
of social acts by male chimpanzees have concerned captive groups, notably
that at the Arnhem Zoo, in the Netherlands. Hemelrijk & Ek (1991) found
reciprocity in grooming at Arnhem and de Waal found reciprocity in agonistic support there (de Waal & Luttrell, 1988). However, de Waal (1978,
1982, 1984) stressed that males chose coalition partners opportunistically:
when the community had a clear alpha male, males generally supported other
males and females with whom they spent the most time in close proximity,
but support frequency was not closely linked to proximity when the alpha
position was unstable or undecided. Hemelrijk & Ek (1991) also found reciprocity in agonistic support, but only during periods with no clear alpha
male, and again stressed the opportunism of male coalition formation during such periods. They also found a signi cant positive correlation between
grooming given and support received during periods with a clear alpha male,
but this was a byproduct of two other associations. These occurred between
grooming given and support given and between grooming received and support received: males supported those they groomed often, and also received
support from those who often groomed them. Correlations between grooming received and support given were non-signi cant (ibid.). Hemelrijk and
colleagues (Hemelrijk et al., 1992; 1999) also found little evidence for exchange between males and females that could affect male reproductive success directly. For example, no signi cant relationships existed between either
male copulatory frequency (Hemelrijk et al., 1992) or paternity (Hemelrijk
et al., 1999) and the frequency with which males groomed, supported, or
shared food with females.
These analyses address important questions about chimpanzee social
relationships, but we need comparable data from wild populations to assess
whether the same relationships hold when community members are not
constrained to associate permanently, as they are in captivity. Choice of
partners with whom to associate is a fundamental tactic in the social
strategies of wild chimpanzees (Newton-Fisher, 1999). A previous analysis
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of data on wild chimpanzees at Ngogo, Kibale National Park, Uganda
showed reciprocity in grooming between males (Watts, 2000a). Males there
also share meat reciprocally (Mitani & Watts, 1999, 2001) and grooming
is associated with several forms of cooperative behavior (e.g. frequency of
joint participation in boundary patrols; Watts & Mitani, 2001). In this paper,
I review results of these previous analyses, and use much more extensive
data from Ngogo to test seven hypotheses. These speci cally concern social
relationship among adult males, although possibilities for exchange between
males and females also exist (e.g. one reason that males hunt may be that they
can exchange meat for matings (Stanford, 1998), although data from Ngogo
do not support this hypothesis (Mitani & Watts, 2001)). These hypotheses
are:
1/ Males show reciprocity in grooming.
2/ The attractiveness of males as grooming partners is positively associated with dominance rank (cf. Watts, 2000b).
3/ Males show reciprocity in agonistic support.
4/ High-ranking males are attractive coalition partners.
5/ Reciprocity in grooming and support is independent of the effects of
male rank.
6/ Males interchange grooming and agonistic support. This relationship
is independent of reciprocity in grooming and in support; of any relationships between grooming and rank and between support frequency
and rank; and of any association between grooming given and support given and between grooming received and support received (cf.
Hemelrijk & Ek, 1991).
7/ Males use grooming to gain tolerance from others or to appease
them (de Waal & van Roosmalen, 1979; de Waal & Luttrell, 1986).
I do not attempt a thorough examination of this hypothesis, partly
because I lack some required data (e.g. controlled comparisons of
grooming frequency in post-con ict contexts to grooming at other
times). Instead, I use a subset of the data to examine whether the
amount of aggression that one dyad member gives to the second is
inversely related to the amount of grooming that he receives from the
second, independently of reciprocity in grooming or interchange of
support.
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Methods
Study site and subjects
I collected the data reported here at the Ngogo research site in Kibale National Park, Uganda,
during six study periods (June-December, 1995; May-August, 1996; May-August, 1997;
October, 1998-August, 1999; May-August, 2000; and May-August, 2001). Ngogo is in the
central part of Kibale, about 10 km southeast of the better known Kanyawara research site and
about 150 m lower in altitude. The Ngogo chimpanzee community uses an area about 35 km2
that consists mostly of mixed mature and regenerating forest transitional between lowland
and montane evergreen forest. It also includes other, more minor vegetation types, such as
Pennisetum purpureum grassland, some of which the chimpanzees use only infrequently
(Butynski, 1990; Struhsaker, 1997). The chimpanzee community is the largest on record
(Watts, 1998, 2000a, b; Mitani & Watts, 1999; Mitani et al., 1999; Pepper et al., 1999; Watts
& Mitani, 2000, 2001; Mitani et al., 2000). It contained between 22 and 24 adult males,
plus 14 to 17 adolescent males, over the time span considered here. The exact size of the
community is uncertain, but, as of August, 2001, it also included about 50 or more adult and
adolescent adult females and about 60 juveniles and infants, for an estimated total of 150
members.
Data collection and analysis
I observed the chimpanzees for 5,367 hours during the  ve study periods. This included
1,851 hours of focal data on male social behavior. During these samples, I kept longhand
records of all agonistic interactions (including polyadic interactions) and grooming bouts in
which focal individuals were involved and timed those bouts to the nearest 30 seconds. I kept
running totals of grooming by each partner during bouts grooming bouts. I also collected alloccurrences data on grooming between males when I was certain that I could see all males in
a given party, by continually scanning the males and noting the times at which they stopped
grooming, switched roles, or switched partners, and I collected ad lib data on coalitions (cf.
Watts, 2000a, b; Watts & Mitani, 2001). I used values for the total duration of grooming given
and received per dyad in analyses of reciprocity and interchange. Most coalitions involved
two or more males who jointly charge at or attacked other males, rather than interventions by
third parties in ongoing con icts. When coalition partners initiated aggression, I considered
the male who initiated the attack to have received support from all others who subsequently
joined him; correspondingly, those others gave support to the initiator. When three or more
males jointly directed aggression at others, I scored a coalition between each dyad. For dyads
that did not include the initiator, I also ascribed support given and received on the basis of the
order in which they joined.
I assigned dominance ranks to males on the basis of the direction of behavioral acts and
signals in decided agonistic interactions. I followed convention by assigning rank 1 to the
alpha male, rank 2 to the beta, rank 3 to the third-highest ranking, and so on. This mostly
meant that one male pant-grunted to a second, either in response to aggression or when one
of the males approached the other. I also included interactions in which one male charged
or lunged at a second, who  ed or avoided the aggressor. In all study periods, some pairs of
males did not have decided agonistic relationships. In these cases, I assigned the same rank
to each male.
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When males intervene in ongoing dyadic contests, they can choose to support likely
winners or likely losers (De Waal, 1978). Most coalitions at Ngogo did not involve such
interventions; instead, they formed when two or more males displayed at or directed other
aggression at third parties (Opponents) or when they jointly retaliated after Opponents
displayed at them (either singly or as coalitions). When one male (the Aider) joined
another (the Actor) in these circumstances or he intervened in an ongoing contest, several
combinations of relative dominance ranks among participants were possible. For every trio
of Aider, Actor, and Opponent in a polyadic interaction,I assigned the Aider and Actor to one
of six categories: (1) Aider and Actor both outrank their Opponent; (2) Aider subordinate to
Opponent, Actor dominant to Opponent or with equal rank; (3) Aider dominant to Opponent
or with equal rank, Actor subordinate to Opponent; (4) Aider equal to Opponent, Actor either
dominant to or subordinate (I combined these because very few cases involved Aiders equal
to Opponents and Actors subordinate to them); (5) Aider, Actor, and Opponent all with equal
rank or unresolved relationships; (6) Aider and Actor both subordinate to opponent.
I used Hemelrijk’s (1990a) MATSQUAR software for analyses of reciprocity and interchange and to analyze the relationships of grooming and agonistic support to dominance rank.
I used MATSQUAR Partial (Hemelrijk, 1990b) to analyze relationships between two social
variables with third variables controlled (e.g. to examine the correlation between grooming
given and support received with grooming received controlled). MATSQUAR is a matrix permutation program that calculates several indices of association between variables from observed dyadic values, then randomly permutes row and column values to generate sampling
distributionsagainst which to assess the signi cance of test statisticsderived from the original
data matrix. It avoids problems associated with the non-independence of dyads and with the
fact that sampling distributions for dyadic values are unknown (Hemelrijk, 1990a). Matrices
for grooming given and received and for support given and received were asymmetric actorreceiver matrices (Hemelrijk, 1990a; Watts, 2000a). To test hypotheses that these variables
were related to dominance rank, I calculated correlations between these matrices and symmetrical hypothesis matrices in which entries were the ranks of the column males (Hemelrijk, 1990a; Watts, 2000a). I used Kr tests, which give a multivariate version of Kendall’s
S statistic (TauK r ) corrected for samples sizes and ties (Hemelrijk, 1990a), and used 5,000
permutations for each test.
MATSQUAR provides analyses of reciprocity and interchange at group level (Hemelrijk,
1990a). Kr tests address the general hypothesis that individuals direct relatively more of
a given act towards those from whom they receive more of that act, or another for which
they exchange it, and direct relatively less towards those from whom they receive less. Such
group level tests do not allow analyses of reciprocity within dyads (Silk et al., 1999). Male
chimpanzees at Ngogo show striking variation in the balance of grooming within dyads,
and several factors (e.g. whether males are allies) seem to in uence this variation. However,
analysis of within-dyad reciprocity is beyond the scope of this paper.
I combined data from the 1995 and 1996 study periods because the top of the male
dominance hierarchy remained the same throughout these periods (Watts, 2000a, b). This
meant that I tested each hypothesis  ve times. I used Fisher’s combined probability test (Sokal
& Rolf, 1995) to assess overall signi cance of each test (cf. Hemelrijk & Ek, 1991).
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Results
Frequency of dyadic combinations in coalition formation
Most (69%) dyads of coalition partners involved males who both outranked
their Opponents, and either the Aider or Actor was dominant to the Opponent
in most other cases (Fig. 1). Fairly often (28% of coalitions), aiders were
subordinate to Opponents or had unclear relationships to them; in most
of these cases, they joined Actors who outranked Opponents (Fig. 1). For
example, male BA, who became the alpha male in 2001 but had previously
been the ally of long-time alpha male MW, supported MW against male
EL at times when his own relationship with EL was unclear, and TY, a
middle-ranking male, sometimes supported LO, a high-ranking male who
was brie y the alpha male between MW and BA, against males to whom
he was subordinate. Cases in which Actors and Aiders both had equal ranks
with Opponents or were both subordinate to them were rare (Fig. 1).

Fig. 1. Partner combinations, with respect to dominance ranks, in polyadic agonistic
interactions. ‘Both >’ indicates that both coalition partners outranked opponent. ‘Aider <’
indicates that the male who joined a coalition was lower-ranking than the opponent, but the
male he supported outranked the opponent or had equal rank. ‘Actor <’ indicates that male
who joined the coalition supported a male who was lower-ranking than their opponent. ‘Aider
D’ indicates that male who joined the coalition had a rank equal to the opponent’s, while the
male he supported had a rank either greater than or less than the opponent’s. ‘All D’ indicates
that all males had equal or unresolved ranks. ‘Both <’ indicates that both the male who
joined the coalition and the male he supported were subordinate to their opponent. N D 885
Aider-Actor-Opponent trios.
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Tests of hypotheses
The data supported all six hypotheses. Together, these results support the
general hypothesis that social exchange, including interchange of grooming
and support, occurs among wild male chimpanzees.
(1) Males show reciprocity in grooming
Analyses of grooming data from 1998-1999, 2000, and 2001 corroborated
results of previous analyses of data from the combined 1995-1996 study
periods and from 1997 that showed reciprocity at group level (Watts, 2000a).
During all study periods, some males did not groom at all with each other
and many others groomed infrequently, whereas grooming was common in
some dyads (e.g. males BA and MW in all study periods). Figure 2 gives a
representative illustration from 1998-1999. Males showed highly signi cant
group level reciprocity in grooming in all study periods, and the combined
probability value was highly signi cant (Table 1, result 1a). That is, the
relative amount of grooming that males gave to others was highly correlated
with the relative amount that they received from them.

Fig. 2. An example of reciprocity in grooming: the relationship between the amount of
grooming (in minutes) that one member of a male dyad gave to the other to the amount
of grooming that he received from the other. Data are from the 1998-1999 study period
(N D 24 adult males). Each symbol represents one dyad. The bivariate plot is for purposes of
illustration only; the data were analyzed with non-parametric matrix permutation methods.
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3. Association
a) Grooming given and rank
b) Grooming received and rank
c) Support given and rank
d) Support received and rank
e) Grooming given and support
given
f) Grooming received and support
received

2. Interchange
a) Grooming given and support
received
b) Grooming received and support
given

1. Reciprocity
a) Grooming given and received
b) Support given and received

Correlations of

TABLE 1. Results of Kr tests of reciprocity, interchange, and association among grooming, coalitionary support, and
dominance rank at Ngogo
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(2) High-ranking males are attractive grooming partners
Data from 1995-1996 and 1997 were consistent with the hypothesis that
high ranking males are attractive grooming partners (Watts, 2000b). Data
from subsequent study periods corroborate these results. In all periods
except 2001, highly signi cant negative TauKr values show that males
groomed high-ranking partners relatively often; the combined probability
value was highly signi cant (Table 1, result 3a). Correlations between
grooming received and rank were signi cant in all study periods except 2000,
indicating that high-ranking males received much grooming from others
(Table 1, result 3b).
(3) Males showed reciprocity in agonistic support
This hypothesis was con rmed: males also showed highly signi cant reciprocity in agonistic support at group level in all study periods, and the combined probability value was highly signi cant (Table 1, result 1b). That is, the
relative frequency with which males supported other was highly correlated
with the relative frequency with which they received support from those others. In all study periods, most males did not form coalitions with each other,
whereas some others did so occasionally and a few males did so regularly
and thus could be considered allies; Fig. 3 illustrates this for 1998-1999. For
example, MW and BA were allies in all study periods and each supported
the other more often than he supported any other male in most study periods. However, BA had also developed an alliance with HA by 1998-1999; in
2001 coalitions were more common between BA and HA than between BA
and MW, and BA and HA each supported the other more than he supported
any other male. Conversely, no coalitions occurred between BA and LO or
between BA and low-ranking males ST and MI.
(4) High-ranking males were attractive coalition partners
Results were consistent with this hypothesis. Most coalitions involved males
in the upper half of the dominance hierarchy, and signi cant positive
correlations between rank and the frequencies with which males received
coalitionary support and with which they supported others held in all study
periods (Table 1, results 3c and 3d).
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Fig. 3. An example of reciprocity in agonistic support: the relationship between the number
of times one member of a male dyad supported the other and the number of times he received
support from the other. Data are from the 1998-1999 study period (N D 24 adult males).
Some data points represent multiple dyads; no support occurred in most dyads. The bivariate
plot is for purposes of illustration only; the data were analyzed with non-parametric matrix
permutation methods.

(5) Reciprocity in grooming and support was independent of male rank
This hypothesis was also con rmed. Partial TauK r values indicated that
the correlation between grooming given and grooming received, and that
between agonistic support given and received, were still signi cant with
male dominance ranks controlled (Table 2, results 1 and 2). Thus reciprocity
in grooming and support occurred independently of the attraction to highranking partners.
(6) Males interchange grooming and support, independently of rank effects
and of associations between grooming and support given and between
grooming and support received
In all study periods, correlations between grooming given and support
received were positive and highly signi cant (Table 1, result 2a). Figure 4
illustrates this for 1998-1999, and again indicates that neither male supported
the other in most dyads, whereas some dyads stood out because one member
commonly groomed the other, from whom he received support relatively
often (e.g. MW and BA; HA and EL; HA and BA). Similarly, correlations
between grooming received and support given were positive and highly
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6) Grooming received/support given,
0.07
0.19¤¤
0.17¤¤
0.16¤¤
0.12¤
10
45.41¤¤¤
support received controlled
7) Grooming given/support received,
0.22¤¤¤
0.43¤¤¤
0.28¤¤¤
0.34¤¤¤
0.29¤¤¤
10
81.14¤¤¤
rank controlled
8) Grooming received/support given,
0.21¤¤¤
0.47¤¤¤
0.33¤¤¤
0.34¤¤¤
0.25¤¤¤
10
85.17¤¤¤
rank controlled
The partial correlations are controlling either for male dominance rank, for reciprocity in grooming and in support, or for associations between
grooming and support given and between grooming and support received. Entries give Tauxy:z values and signi cance levels (based on 5,000
matrix permutations) for each study period, plus results of Fisher combined probability tests. ¤ p < 0:05; ¤¤ p < 0:01; ¤¤¤ p < 0:001.

Correlations of

TABLE 2. Partial Kr correlations for interchange of grooming and support
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Fig. 4. An example of interchange of grooming given and support received: the relationship
between the amount of grooming (in minutes) one member of a male dyad gave to the other
to the number of times he received agonistic support from the other. Data are from the 19981999 study period (N D 24 adult males). Each symbol represents one dyad; most dyads had
values of zero for support. The bivariate plot is for purposes of illustrationonly; the data were
analyzed with non-parametric matrix permutation methods.

signi cant in all periods (Table 1, result 2b). Combined probability values
were highly signi cant in both cases.
In all study periods, the amount of grooming given was also positively
and signi cantly correlated with the amount of support given (Table 1,
result 3e; Fig. 5). Signi cant positive correlations between the amount of
grooming received and the amount of support received also occurred in
all periods (Table 1, result 3f). These  ndings raise the possibility that the
apparent interchange of grooming and support was a byproduct of grooming
reciprocity combined with a tendency of individuals to support those partners
whom they also often groomed (cf. Hemelrijk, 1990a). However, partial
Kr tests showed that the positive correlations between grooming given
and support received were still signi cant when grooming received was
controlled, and that the positive correlations between grooming received and
support given were still signi cant with grooming given controlled, in all
study periods (Table 2, results 3 and 4).
The apparent interchange of grooming and support might instead have
been a byproduct of reciprocity in support combined with a tendency of
individuals often to groom those whom they often supported. Partial Kr
tests showed that in all study periods, the partial correlations between
grooming given and support received were positive when support given
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Fig. 5. An example of interchange of grooming received and support given: the relationship
between the number of times one member of a male dyad gave agonistic support to the other
to the amount of grooming (in minutes) he received from the other. Data are from the 19981999 study period (N D 24 adult males). Each symbol represents one dyad; most dyads had
values of zero for support. The bivariate plot is for purposes of illustrationonly; the data were
analyzed with non-parametric matrix permutation methods.

was controlled. Only the values for 2000 and 2001 ware signi cant, but
the combined probability value was signi cant (Table 2, result 5). Partial
correlations between grooming received and support given were positive
with support received controlled in all study periods and were signi cant
in all periods except 1995-1996 (Table 2, result 6). In this case also, the
combined probability across study periods was signi cant (Table 2, result 6).
Nor was the apparent interchange of grooming and support an artifact
of the relationships between both of these variables and male dominance
ranks. Correlations between grooming given and support received, and
between grooming received and support given, were also still signi cant with
dominance rank controlled (Table 2, results 7 and 8).
(7) Males use grooming to gain tolerance from or to appease other males
Males may use grooming to lower the amount of aggression they receive,
especially from others who outrank them or with whom they do not have
decided dominance relationships and who are not their allies. Avoiding aggression could allow males to minimize stress and perhaps give them better
access to good feeding sites, estrous females, and other social partners. Potential aggressors receive hygienic and perhaps other physiological bene ts

RECIPROCITY AND INTERCHANGE IN RELATIONS OF MALE CHIMPS

359

TABLE 3. Association of grooming and aggression
Correlations of:
1) Aggression received/grooming given
2) Aggression given/grooming received
3) Aggression received/grooming given, grooming
received controlled
4) Aggression received/grooming given, support
received controlled
5) Aggression given/grooming received, grooming
given controlled
6) Aggression given/grooming received,

Period:
2000

2001

¡0:17¤¤
0.07
¡0:20¤¤¤

0.08
0.29¤¤¤
0.18¤¤

¡0:12¤

0.12¤

¡0:09

0.28¤¤¤

0.03

0.27¤¤¤

Entries give results of Kr tests for association between grooming given and aggression
received, and between grooming received, and aggression given, and of partial Kr tests
analyzing these associations with either or grooming received, grooming given, or agonistic
support controlled. Results are based on 5,000 permutations. Data are from the 2000 and
2001 study periods only. ¤ p < 0:05; ¤¤ p < 0:01; ¤¤¤ p < 0:001.

from grooming, and may be less inclined to direct aggression at otherwise
low value partners who groom them often. I used the 2000 and 2001 data
sets to test three predictions of the tolerance hypothesis: (a) grooming given
and aggression received were negatively correlated; (b) grooming received
was negatively correlated with aggression given; and (c) these relationhips
were independent of reciprocity in grooming and of how often males formed
coalitions.
No clear support for the tolerance hypothesis emerges. Many results
were inconsistent with predictions, although data from 2000 supported the
prediction that the amount of grooming given was inversely correlated with
the amount of aggression received (Table 3, result 1). This correlation
remained signi cant with grooming received controlled (Table 3, result 3)
and with support received controlled (Table 3, result 4), indicating that it
was not a byproduct of reciprocity in grooming or interchange of support and
grooming. In contrast, though, the correlation between aggression received
and grooming given was positive in 2001, although not quite signi cant
(p D 0:10; Table 3, result 1). That is, males tended to receive aggression
relatively often from those they groomed relatively often. This relationship
still held with the effects of support received partialled out (Table 3, result 4).
However, controlling for reciprocity in grooming gives some support to the
tolerance hypothesis: the partial correlation between aggression received and
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grooming given with grooming received partialled out was signi cant, but
negative (Table 3, result 3). This suggests that in dyads in which grooming
was relatively common but in which one male did most or all of it, that male
received relatively low levels of aggression from the male he groomed.
Contrary to predictions, correlations between aggression given and grooming received were positive in both study periods. The correlation was nonsigni cant for 2000 (p < 0:10; Table 3, result 2); partial correlations between these two variables were non-signi cant with grooming received partialled out and with support received partialled out (Table 3, results 5 and 6).
The correlation was signi cant for 2001 (Table 3, result 2): males behaved
aggressively relatively often to males who groomed them relatively often.
Partial correlations between these variables with either grooming received or
support given controlled were also signi cantly positive (Table 3, results 5
and 6).
(8) Results of previous studies at Ngogo
Three previous studies have explicitly addressed questions about reciprocity
and interchange among males. Mitani et al. (2000), analyzing a less extensive
database, also found group-level reciprocity in agonistic support. Males
also show reciprocity in meat sharing (Mitani & Watts, 1999, 2001) and
interchange of meat and agonistic support (Mitani & Watts, 2001).
Several other studies have included relevant analyses of relationships
between social variables, or between social and demographic variable,
without explicitly addressing the issue of social exchange. One (Watts
& Mitani, 2001) concerned boundary patrolling, a striking example of
cooperation among males. Probably because so many of them are present
at Ngogo, males there patrol more often and in larger groups than those
at Gombe and at Taï (Watts & Mitani, 2001). Nevertheless, signi cant
variation in the frequency with which individual males patrol exists, and
patrol composition varies markedly. The frequency with which male dyads
participate in patrols together is positively and signi cantly correlated with
the total amount of grooming per dyad and with the frequency of coalitions
per dyad. It is also positively and signi cantly correlated with the number of
times that males jointly participate in hunts of red colobus monkeys (ibid.).
Mitani et al. (2000) examined the relationship between potential maternal
relatedness and several social variables, and Mitani et al. (in press) have
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replicated these analyses with a more extensive data set and also examined
the in uence of similarity in age on social variables. The results indicate that
males relatively close in age are more likely to associate in parties, remain
in close proximity, groom and share meat with each other, form coalitions,
and participate in patrols together than males far apart in age. In contrast,
maternal relatedness seems to have no consistent social effects.

Discussion
The more extensive analyses reported here corroborate several earlier  ndings concerning among males at Ngogo. Reciprocity in grooming occured at
group-level (cf. Watts, 2000a), males disproportionately directed grooming
up the dominance hierarchy, and high ranking males received more grooming
than lower ranking males (cf. Watts, 2000b). These rank effects are expected
if high-ranking males, because they are effective allies, are attractive grooming partners. Results given here also corroborate and extend an earlier report
of group-level reciprocity in coalition formation (Mitani et al., 2000). They
also show that males interchanged grooming and agonistic support at group
level, something not previously documented for wild chimpanzees. Significant relationships between grooming given and support received, and between grooming received and support given, were independent of reciprocity
in grooming and in support. They were also independent of rank effects on
grooming and on support given, and were independent of signi cant associations between grooming given and support given and between grooming
received and support received.
These results add to other evidence that reciprocity is prominent in
chimpanzee social behavior, although not universally present. For example,
Mitani & Watts (1999; cf. Mitani & Watts, 2001) found reciprocity in meat
sharing among males at Ngogo, de Waal (1989) found reciprocity in food
sharing among captive chimpanzees at Yerkes, and de Waal & Luttrell
(1988) found reciprocity in support among captive chimpanzees at Arnhem.
Hemelrijk & Ek (1991) replicated this last  nding, but only for periods with
no clear alpha male; group level reciprocity was not evident when the group
had a well-established alpha. Vervaecke et al. (2000) found reciprocity in
support in a captive group of bonobos (Pan paniscus), the sister species of
chimpanzees. However, this seemed to be a byproduct of strong correlations
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between support and rank: individuals mostly supported high-ranking group
members, who often supported others. Reciprocity in support at Ngogo
was independent of signi cant positive correlations between rank and the
frequencies of giving and of receiving support.
Evidence for interchange in chimpanzees and bonobos has been sparser
than that for reciprocity. Chimpanzees at Yerkes were more likely to share
food with others after being groomed by them (De Waal, 1989). Grooming
given and support received by males were signi cantly correlated at Arnhem,
but this was due to reciprocity in grooming combined with an association
between grooming received and support received (Hemelrijk & Ek, 1991).
The correlation between grooming received and support given was nonsigni cant. However, females genuinely appeared to interchange grooming
given and support received (ibid.). Vervaecke et al. (2000) found a signi cant
correlation between grooming given and support received in their bonobo
group, but this became non-signi cant when they controlled for the effects
of rank: high-ranking group members were frequent targets for grooming,
and they often supported others. At Ngogo, interchange between grooming
and support was still signi cant with rank effects, grooming reciprocity,
and associations between grooming given and support given, or between
grooming received and support received, taken into account.
Vervaecke et al.’s (2000) results are not directly comparable to those
from Ngogo, because their study group had only one adult male and they
included adult females and adolescent males in their analyses. Indeed, when
they controlled for the effects of sex or age, the partial correlations of
grooming given with support received were also non-signi cant. Otherwise,
one implication of the con icting results from investigations of interchange
is that not all variation in chimpanzee grooming and coalition formation
results from market effects. Allogrooming can serve multiple functions and
its hygienic effects and any calming effects are valuable in themselves
(Dunbar, 1991; Cords, 1997; Henzi & Barrett, 1999; Barrett et al., 2000),
so we should not expect that males necessarily exchange grooming for any
other social acts or for any material bene ts.
Relationship histories and variation in social tactics also in uences variation in grooming. Male MZ was a notable case in point. He was clearly the
oldest male in the Ngogo community and subordinate to almost all others
when he died in 2000. He groomed with 17 of 23 other adult males during
1998-1999 and received more grooming than he gave in 13 of 17 dyads. He
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also was one of the most successful males at getting meat from others (Watts
& Mitani, 2002). But those who groomed him and gave him meat did so with
no prospect of agonistic support or meat in return: he no longer participated
in coalitions or actively hunted. He might have been an important ally for
many younger males before we started work at Ngogo, but he was certainly
not a valuable social partner during the time considered here, in so far as
value depends on provision of agonistic support and meat. Occasional dyads
in which high-ranking males groomed low-ranking males relatively often,
but did not form coalitions with them, might have represented prospective
allies. In 2001, for example, high-ranking male EL often groomed GA, a
young male who, while still low-ranking, had risen considerably in rank and
become much more assertive over the previous year.
Male chimpanzees compete for alliance partners (de Waal, 1982, 1984;
Nishida, 1983; Goodall, 1986; Nishida & Hosaka, 1996; Watts, unpubl.
data). Seyfarth’s (1977) model of attraction to high rank generates the additional prediction that competition for effective allies leads to concentration
of grooming among closely ranked partners; Ngogo data are consistent with
this prediction (Watts, 2000b). Grooming can help partners to develop familiarity and trust and to convey information about willingness to engage in
other sociopositive interactions. It can thus simultaneously be investment in
a social relationship and a sign of willingness to continue or increase that
investment (Seyfarth, 1977, 1980; Dunbar, 1988, 1991; Cords, 1997; Henzi
et al., 2000). This logic underlies the argument that grooming can increase
the willingness of others, particularly non-relatives, to provide support in
agonistic interactions with third parties, although grooming and extensive
familiarity are not always necessary for alliance formation. For example,
male savanna baboons (Papio cynocephalus) do not groom with each other
(although they can negotiate about cooperation by other means), and form
alliances that depend more on combined agonistic power than on familiarity
(Noë, 1990; Noë & Sluijter, 1995). The relative power of potential allies is
also important to male chimpanzees, as is assessment of the other options
that potential partners and rival have, and networks of coalition formation
and af liation are not always congruent (de Waal, 1978, 1982, 1984).
The only clear support that the analyses above gave to the hypothesis that
grooming others induced tolerance was the signi cant negative relationship
between grooming given and aggression received in the 2000 study period.
However, simply examining aggression frequency is an inadequate test of
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this hypothesis. Chimpanzees commonly use grooming to reconcile (de
Waal & van Roosmalen, 1979). Males at Ngogo often groom other males
after receiving aggression from them (pers. observ.), although whether this
decreases the likelihood of further aggression is presently unknown. Also,
large imbalances in grooming within dyads and of increases in grooming
during periods of heightened tension between males who are rivals, not
allies (de Waal, 1982; pers. observ.), suggest that male chimpanzees can
use grooming to induce tolerance and to reduce social uncertainty. If so,
individuals may sometimes groom others with no requirement for grooming
or coalitionary support in return. In some Ngogo dyads (e.g. ML and
MW; ST and CO), low-ranking males groomed high-ranking males but
received little or no grooming, no agonistic support, and no meat in return;
the tolerance hypothesis might have applied to these cases. De Waal &
Luttrell (1986) found that low-ranking female rhesus macaques (Macaca
mulatta) received frequent opposition in polyadic aggression from highranking females whom they often groomed. They suggested that had the
low-ranking females groomed their higher-ranking partners less, they would
have received even more aggression (cf. Kapsalis & Berman (1996)). The
positive relationship between grooming given and aggression received in the
2001 data set from Ngogo might have re ected something similar (grooming
given and opposition received were also positively correlated; Watts, unpubl.
data).
High-ranking individuals can sometimes obtain hygienic and physiological bene ts by demanding grooming from subordinates without grooming
them or offering support (Schino, 2001). This sometimes happens among
adult males at Ngogo, and adults often command grooming from adolescents (pers. observ.). More detailed analyses of grooming at the dyadic level
will show whether is common in dyads far apart in rank, but not those
closer in rank and not those of allies. It will also show whether especially
marked asymmetries in grooming characterize dyads separated by large rank
distances, with subordinate partners giving more grooming than they receive.
At the same time, the grooming-for-support hypothesis would be strengthened by  ndings that within-dyad grooming reciprocity is relatively high for
allies and that high-ranking males sometimes groom subordinate allies more
than the reverse (as was true for alpha male MW and his then-ally RU in
1996 and 1997). Hohmann et al. (1999) found that within-dyad grooming

RECIPROCITY AND INTERCHANGE IN RELATIONS OF MALE CHIMPS

365

reciprocity was higher for wild bonobos who were close associates than for
those who associated randomly or less than expected by chance; the close
associates category included individuals who formed coalitions.
Various researchers have pointed out that support in contests may re ect
social bonds: some individuals often stay in close proximity, groom with
each other, and otherwise engage in af liative interactions, and they aid each
other against third parties. For example, Hemelrijk & Ek (1991) argued that
two  ndings re ected social bonds at Arnhem. One was the signi cant association between support given and grooming given among males. The second
was that a positive association between support given and grooming given,
combined with reciprocity in grooming, accounted for the correlation between support given and grooming received among females. Matheson &
Bernstein (2001) take a stronger position and contrast the ‘social bond’ hypothesis with the grooming-for-support hypothesis as if they are mutually exclusive. However, this need not be the case. Social bonds presumably re ect
shared interests, whether due to sharing of alleles identical by descent or,
more broadly, to the potential bene ts of cooperating against ‘environmental challenges’ like competing groups or sub-groups of conspeci cs (ibid.).
Yet interchange also re ects shared interests, and the contrast with social
bonding seems to hinge on the assumption that exchange of agonistic support and interchange of grooming and support are examples of reciprocal
altruism. A growing body of evidence instead points to mutualism as the explanation for much agonistic aiding in nonhuman primates. For example, the
payoffs to coalitionary mate guarding by males at Ngogo  t the pattern expected from mutualism (Watts, 1998). Also, Hemelrijk & Ek (1991) argued
that many coalitions between male chimpanzees at Arnhem during periods
with no clear alpha male resulted from male opportunism and did not depend on reciprocity: males seized chances to score victories against outnumbered rivals. A similar argument applies to non-kin support among females in
resident-nepotistic cercopithecines (Chapais, 1992; cf. Chapais et al., 1995)
and to males in some of the same species. For example, Widdig et al. (2000)
found group-level statistical reciprocity in coalition formation among male
barbary macaques (Macaca sylvanus), but also found that most interventions
in contests were by mid- and high-ranking males who outranked both opponents and therefore faced little risk of retaliation. This behavior could help
the interveners to maintain their own ranks and would not require future repayment because it does not impose net costs (ibid.). Similar risk avoidance
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occurs in rhesus (Bernstein & Ehardt, 1985) and bonnet macaques (Macaca
radiata; Silk, 1993). Formation of low-risk coalitions in which all participants stand to make immediate net gains is widespread in primates and may
even incorporate much presumed ‘altruism’ among kin (Chapais, 2001).
Male chimpanzees follow mixed strategies of agonistic aiding, and bene ting from these may sometimes, but not always, depend on interchange
of grooming for support and reciprocity in support. Risk generally seemed
low for coalition participants at Ngogo. Coalitions in which partners targeted males who outranked them both were uncommon. Most involved partners who both outranked their targets. When males participated in coalitions
against opponents who outranked them, they usually did so with a partners
or partners who outranked those opponents. These common cases seemed
to represent exploitation of low-cost opportunities to reinforce or to gain
dominance over outnumbered opponents in situations where immediate retaliation was unlikely. Repayment in support or grooming might have been
unimportant, unless one or both coalition partners depended on the other to
maintain dominance over their target. Likewise, social bonds might or might
not have been in play. Polyadic aggression that involved males who lacked
clear dominance relationships often seemed to involve attempts by the aggressors to establish dominance over their targets. The circumstances might
usually have been relatively safe because the opponents were outnumbered,
but willingness to reciprocate or to trade grooming for support might have
been more relevant, especially if the partners also were close or equal in
rank. Lengthy challenges that involve alliances also occur. These carry some
potential for costly retaliation or for punishment (de Waal, 1982; Nishida &
Hosaka, 1996), and they may require reciprocity. For an alpha male to retain
his position, and for other high-ranking males in a community as large as
that at Ngogo to retain their ranks, may also require reciprocal support and
grooming. Males at Ngogo and elsewhere make tactical switches among allies when this is advantageous and use grooming to solidify alliances and to
enlist new partners (de Waal, 1978, 1982; Goodall, 1986; Nishida & Hosaka,
1996; Watts, unpubl. data). Grooming helps males to maintain their social
bonds (cf. Matheson & Bernstein, 2000), but willingness to cooperate against
third parties — especially to challenge third parties whose  ghting ability
may outweigh that of either ally — is also part of a social bond. When males
stand to lose the bene ts of cooperation because partners desert them, their
ability to offer services in biological markets becomes important.
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