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The apparent rarity of contingent cooperation in animals has
convinced many investigators that such reciprocity is unimportant,
stimulating consideration of alternative explanations for cooperation, such as by-product mutualism and biological markets motivated by the likelihood of immediate reward. Nevertheless, there is
also limited evidence that animals do sometimes rely on memory
of recent interactions when behaving altruistically toward others.
Here we describe a playback experiment conducted on wild female
baboons, suggesting that contingent cooperation may occur among
unrelated individuals, even when there is a temporal delay between
the two cooperative acts. Hearing the recruitment call of an unrelated recent grooming partner caused subjects to move in the
direction of the loudspeaker and approach their former partner,
particularly when this partner had an infant. When the subject and
her partner were close kin no such effect was observed. Subjects’
responses were not inﬂuenced by any type of recent interaction,
because prior grooming and prior aggression inﬂuenced their behavior in qualitatively different ways. Similarly, their responses were
not prompted only by the motivation to resume friendly interactions, because prior grooming alone did not elicit approach. Instead,
subjects were most likely to approach their former grooming partner
when they had also heard her recruitment call. Results suggest that
at least some forms of cooperation in animals may be based on
memory of speciﬁc recent interactions.

D

uring the last decade there has been increasing skepticism
about the relevance of contingent cooperation in the social
behavior of animals. Because most cooperative behavior occurs
among long-term partners (often kin) for whom any single altruistic act may be relatively insigniﬁcant, many investigators are
now convinced that the sort of contingent reciprocity ﬁrst proposed by Trivers (1) is both rare and fragile in nature (e.g., refs.
2–3). Although there is limited experimental (e.g., refs. 4–8) and
correlational (e.g., refs. 9–11) evidence that unrelated animals
may sometimes rely on memory of recent interactions when
behaving altruistically toward others, interpretation has been
complicated by a paucity of convincing examples, the absence of
important controls in some early tests (e.g., ref. 4), and several
experimental studies of captive apes, suggesting a general insensitivity to contingency in cooperative tasks (e.g., refs. 12–13).
These concerns have stimulated consideration of alternative
explanations for cooperation among unrelated partners, such as
by-product mutualism and biological markets motivated by the
likelihood of immediate reward (e.g., refs. 14–16). The change in
focus has also been prompted by doubts that animals possess the
requisite cognitive abilities to sustain contingent cooperation.
These include the ability to delay reward, to quantify past cooperative acts, to plan and anticipate future outcomes, and to
detect and punish cheaters (e.g., refs. 17–20).
Although these objections have some validity, the lack of
compelling evidence for contingent cooperation can also be
traced to methodological confounds. Because it is almost impossible to demonstrate under natural conditions that supportive
behavior is causally dependent upon a speciﬁc prior interaction,
most investigations of contingent cooperation have been con9562–9566 | PNAS | May 25, 2010 | vol. 107 | no. 21

ducted either in settings that lack ecological validity, are complicated by food rewards, and/or demand the capture and
restraint of subjects (e.g., refs. 5–6, 8, 12–13). Playback experiments that simulate conﬂicts offer one, if imperfect, alternative
because they provide a noninvasive means of investigating
whether individuals’ responsiveness to a recent partner may be
inﬂuenced by a prior interaction.
Here we describe a playback experiment designed to test
whether wild female baboons’ (Papio hamadryas ursinus) willingness to attend to another individual’s recruitment call is inﬂuenced
by the nature of their recent interaction with that individual. The
experiment extends an earlier investigation of contingent cooperation in vervet monkeys (Chlorocebus aethiops) (4). In the test
condition (groom+call), a subject was played the threat grunts of
a lower-ranking female at least 10 min after she and that female
had groomed and then separated without any further interactions
(see Materials and Methods for additional information). This playback was designed to mimic a context in which the former grooming partner was threatening another individual and soliciting aid.
Female baboons give threat grunts primarily when threatening
lower-ranking individuals, and the calls function at least in part to
recruit allies (21). We used two dependent measures when scoring
responses: whether the subject’s ﬁrst move following playback was
toward the loudspeaker; and whether, in the next half hour, the
subject approached to within 2 m of her former partner without
threatening her (a “friendly approach”).
We also introduced two control conditions. The ﬁrst control
(groom only) was similarly conducted after the subject and the
same female had groomed and then separated for at least 10 min. In
this case, however, we did not conduct a playback experiment but
only observed the subject’s behavior. This control was designed to
test whether a recent grooming interaction might simply motivate
females to approach their partner again, even in the absence of any
solicitation for support. In the second control (threat+call), we
played the same female’s threat grunts to the same subject at least
10 min after the subject had threatened that female. This control
was designed to test whether subjects’ responses to a recruitment
call were primed by any prior interaction, not just a friendly one.
We predicted that, if recent friendly behavior increases an
individual’s willingness to support another, females should respond more strongly in the groom+call condition than in either of
the two control conditions. Importantly, such stronger responses
should occur even when there had been a time delay between the
grooming interaction and the subsequent solicitation for support.
On the assumption that a recent cooperative interaction would
exert a stronger inﬂuence on females with weaker social bonds
than those with stronger social bonds (7, 11), we also predicted
that nonkin would be more likely than kin to show different
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First Move. We examined subjects’ behavior immediately following playback using as the response measure whether or not
subjects’ ﬁrst move was toward the speaker (a binary variable).
We compared responses under two conditions: groom+call and
threat+call. We used a GLMM with experimental condition,
dyad relatedness (kin vs. nonkin), their interaction, and caller’s
reproductive state (lactating or not) as predictor variables. Dyad
relatedness and the interaction between experimental condition
and dyad relatedness were entered as predictors because we
expected that the responses of kin would not be contingent upon
recent events. Caller’s reproductive state was entered because
several studies have shown that female baboons are strongly
attracted to infants (e.g., ref. 28), and some investigators have
argued that grooming is motivated primarily by short-term beneﬁts, such as the opportunity to handle another’s infant (20, 29).
Experimental condition (P = 0.008) and dyad relatedness
(P = 0.022) were signiﬁcant predictors of subjects’ ﬁrst move,
but caller’s reproductive state was not (Table 1). There was also
a signiﬁcant interaction between these two variables (P =
0.014), indicating that the manner in which each main effect
acted on behavior depended on the value of the other main
effect (Fig. 1). Speciﬁcally, subjects in nonkin dyads were more
likely to move toward the speaker after grooming than after
aggression, whereas subjects in kin dyads were not. Separate
post hoc tests on kin and nonkin dyads revealed that experimental condition was a highly signiﬁcant predictor of responses
in nonkin dyads (n = 92, z = −2.90, P = 0.004), but not in kin
dyads (n = 23, z = 0.34, P = 0.733). The absence of a statistically signiﬁcant difference between conditions among kin dyads
may have resulted at least in part from small sample size.
Friendly Approach. We examined longer-term changes in subjects’
behavior using as a response measure the occurrence (or lack) of
a friendly approach by the subject to within 2 m of her former
Table 1. Results of a GLMM analysis in which the dependent
variable was whether the subject’s ﬁrst move was toward the
speaker
Predictor variables
Experimental condition
Kin vs. nonkin
Caller reproductive state
Experimental condition
× kin vs. nonkin

Estimate

SE

z value

Pr(>|z|)

−0.754
−3.134
0.038
1.453

0.283
1.372
0.459
0.593

−2.666
−2.284
0.083
2.449

0.008**
0.022*
0.934
0.014*

Predictor variables were experimental condition (groom+call vs. threat+
call), dyad relatedness (kin vs. nonkin), and caller’s reproductive state (lactating or not). N = 92 nonkin dyads and 23 kin dyads.
*P < 0.05; **P < 0.001
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Fig. 1. The frequency that subjects’ ﬁrst move was toward the speaker in the
groom+call and threat+call conditions. In groom+call, all dyads = 57 (44
nonkin dyads, 13 kin dyads); in threat+call, all dyads = 58 (48 nonkin dyads, 10
kin dyads). Frequencies were similar for the 31 dyads that appeared in both
conditions (groom+call: nonkin dyads = 0.45, kin dyads = 0.20; threat+call:
nonkin dyads = 0.19; kin dyads = 0.40).

partner (a binary variable) in the half hour following playback,
or, in the groom only condition, in the 10–40 min after grooming
had ended. Because these experiments were conducted on wild
animals that had often become widely separated by the time that
trials were conducted, most subjects did not come into proximity
of their former partners again after their initial interaction.
Nonetheless, those subjects that did approach their former partners were signiﬁcantly more likely to do so in the groom+call
condition than in either the groom only or threat+call conditions.
We ﬁrst used a likelihood ratio test to compare a full model that
included all predictors against a null model that included only
the random effects (30:109). The GLMM in which partner’s reproductive state, dyad relatedness, and experimental condition
were entered as predictors of a friendly approach ﬁt the data better
than the null model that included only random effects (χ2 = 9.182,
df = 3, P = 0.027).
Given this result, we ran a single model with experimental
condition, dyad relatedness, and caller’s reproductive state as
predictors, including all possible interactions among predictors.
The only signiﬁcant or near-signiﬁcant predictors were the partner’s reproductive state (z = 2.102, P = 0.035) and the interaction
between partner’s reproductive state and experimental condition
(z = −1.833, P = 0.066). A signiﬁcantly larger number of subjects
made a friendly approach toward their former partner when she
was lactating than when she was not; however, experimental condition also affected their behavior.
Because the effect of experimental condition was apparent
only in tests involving lactating female partners, we conducted post
hoc tests on these dyads only (n = 93). Experimental condition
and dyad relatedness were predictors. Overall, experimental
condition was a signiﬁcant predictor of subjects’ response (P =
0.015; Table 2). Pairwise comparisons among the three conditions
(Table 2 and Fig. 2) showed that subjects were signiﬁcantly more
likely to approach their former partner in the groom+call condition than in the threat+call condition (Table 2 and Fig. 2), indicating that the quality of the prior interaction affected their
response to the recruitment call. Importantly, however, females’
propensity to approach their former partner did not depend only
on prior grooming, because subjects were also signiﬁcantly more
likely to approach their partner in the groom+call condition than
in the groom only condition (Table 2 and Fig. 2). By contrast, in the
comparison between the groom only and threat+call conditions,
where we had no a priori prediction, we found no signiﬁcant effect
of experimental condition (Table 2 and Fig. 2). The small number
of kin dyads in the lactating category precluded a deﬁnitive comparison of kin and nonkin dyads.
PNAS | May 25, 2010 | vol. 107 | no. 21 | 9563
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Results
Because the data set contained incomplete values (not all dyads
could be tested in all conditions) and because different individuals appeared a different number of times as subjects or partners, we analyzed our results using generalized linear mixed
models (GLMM; ref. 26) in which subject and partner identity,
as well as the identity of each unique dyad, were entered as
random factors (e.g., ref. 27).

Groom + Call
Threat + Call
% of playbacks

responses across conditions. In this baboon population, as in
others, females form the strongest and most enduring bonds with
kin (22–24). Kin selection theory also predicts that contingencybased altruism should be less common among kin than among
nonkin. Indeed, in one study of captive Japanese macaques
(Macaca fuscata), kin were never observed to support each other
in the half hour after grooming, even when they had the opportunity to do so (25).

Table 2. Results of post hoc GLMM analyses involving only lactating females as partners, in which the dependent variable was
whether the subject made a friendly approach toward her partner
Estimate

SE

z

Prob(>|z|)

Predictor variables: experimental condition, kin vs. nonkin
Experimental condition
Kin vs. nonkin

−1.029
0.625

0.452
2.024

−2.277
0.309

0.023*
0.816

Predictor variables: experimental condition 1 (groom+call) vs.
experimental condition 2 (groom only)
Condition

−1.609

0.662

−2.431

0.015*

Experimental condition 1 (groom+call) vs. experimental condition 3
(threat+call)
Condition

−0.795

0.365

−2.179

0.029*

Experimental condition 2 (groom only) vs. experimental condition 3
(threat+call)
Condition

0.021

0.808

0.025

0.980

Deﬁnition of predictor variables as in Table 1, with the inclusion of groom only as a third experimental condition. N = 144 nonkin dyads and 39 kin dyads.

In sum, whereas subjects appeared to be more motivated to
approach a recent partner when she had an infant than when she
did not, both the quality of recent interactions (grooming or
aggression) and the presence or absence of a recruitment call
also signiﬁcantly affected their behavior. Subjects were most
likely to approach lactating females after they had both groomed
with them and heard their recruitment call.
Effect of Grooming Direction on Responses. Although most of the
grooming bouts (93%) preceding experimental trials were bidirectional, they were not usually evenly balanced. However, the
strength of subjects’ responses was not inﬂuenced by the relative
amounts of grooming given and received during their previous
interaction (cf. ref. 6). There were nine females who appeared as
subjects at least twice in the groom+call condition. Three females
were more likely to approach the speaker after hearing the caller
from whom they had received the higher proportion of grooming,
three were less likely to do so, and three were equally likely.

Discussion
These results support earlier experiments (4, 6, 7) and observations (9–11) in suggesting that contingent cooperation may occur
in nonhuman primates, even when there is a temporal delay

% of trials

Groom + Call
Groom Only
Threat + Call

Lactating

Non-lactating

Fig. 2. The frequency that subjects approached their former partner in the
groom+call, groom only, and threat+call conditions. In groom+call, lactating
dyads = 27, nonlactating dyads = 30; in groom only, lactating dyads = 38,
nonlactating dyads = 30; in threat+call, lactating dyads = 28, nonlactating
dyads = 30. Frequencies were similar for the 23 dyads that appeared in all
three conditions (lactating: groom+call = 0.38; call only = 0.05; threat+call =
0.07. Nonlactating: groom+call = 0; groom only = 0.11; threat+call = 0.07).
9564 | www.pnas.org/cgi/doi/10.1073/pnas.1001862107

between the ﬁrst cooperative act and subsequent solicitation for
support. Hearing an unrelated grooming partner’s recruitment
call caused subjects to move toward the speaker and to approach
their former partner. Because these playback experiments only
simulated an aggressive interaction, it was by deﬁnition impossible to determine whether subjects’ approaches were motivated
speciﬁcally by the willingness to support their former partners. A
number of alternative explanations, however, can be ruled out.
First, subjects’ responses were not inﬂuenced by any type of recent interaction, because prior aggression and prior grooming
affected their behavior in qualitatively different ways. Second,
their responses were not prompted only by the motivation to
resume a friendly interaction, because grooming alone did not
cause females to approach their former partner. Females were
most likely to approach their former grooming partner when they
had also heard her recruitment call. Finally, females’ tendency to
approach others was not motivated only by the prospect of immediate reward, such as the opportunity to handle an infant (20,
29). Although subjects were more likely to approach a former
partner if she had an infant, they were signiﬁcantly more likely to
do so after they had heard her recruitment call in combination
with a recent grooming interaction than after grooming only or
after aggression. Taken together, results suggest that females’
propensity to approach unrelated recent grooming partners was
at least partly motivated by the opportunity to provide support.
In recent years, there has been considerable debate about
whether grooming is best regarded as a mutualistic behavior that
is traded as a commodity for immediate beneﬁt (14–16), or as
a form of reciprocal altruism in which individuals derive future
beneﬁts despite incurring short-term costs. These hypotheses are
not mutually exclusive. Although nonhuman primates do appear
to derive some immediate beneﬁts from grooming (e.g., refs. 29,
31–32), grooming often occurs in the absence of an immediate
reward, such as access to an infant, and it is seldom evenly balanced between partners within single bouts. Supporting the view
that grooming also has long-term adaptive consequences, baboons, chimpanzees, and other nonhuman primates form the
strongest bonds with those individuals with whom they have the
most balanced and reciprocal grooming interactions over extended periods of time (22–25, 27, 33–35). Furthermore, female
baboons with the strongest social bonds enjoy higher offspring
survival (36, 37). Thus, grooming appears to be a low-cost altruistic activity in which partners are willing to forego short-term
inequities for future beneﬁts, including those in different currencies, such as alliance support (10, 11). Such long-term reCheney et al.

Materials and Methods
Study Site and Behavioral Observations. The study was conducted on a group
of wild baboons living in the Moremi Game Reserve, in the Okavango Delta of
Botswana (46, 47). The group had been observed since 1978, and all animals were
fully habituated to human observers on foot. Maternal relatedness for all natal
animals was known. In these experiments, kin were deﬁned as mothers, daughters, maternal sisters, and maternal aunts, and nonkin as animals less closely related than maternal ﬁrst cousins. During the period of this study (June 2006–July
2007), group size ranged from 62 to 73 individuals. Subjects included 28 females
aged at least 5 years. Females were deﬁned as lactating if they had not yet resumed cycling following the birth of an infant that was still alive at the time
a given trial was conducted. Almost all lactating female partners (13/15) were
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mothers of older infants (>3 months). Although infant attractiveness wanes with
age (28), the mothers of older infants continue to receive attention from other
females. During this study, lactating females with older infants received friendly
grunts from other females at 5.5 times the rate of cycling and pregnant females.
Observational data, including grooming interactions and alliance support,
were collected almost daily, using focal animal sampling (48). Focal animal
observations lasted 10 min, and each female was sampled three to four times
a week. We deﬁned a female as supporting another in an alliance when she
joined that female in a dispute against a third individual by head-bobbing,
lunging at, chasing, or biting the target of that female’s aggression.
During the period when experiments were conducted, females formed
alliances in 6.6% of aggressive interactions that targeted other females, not
including vocal alliances. This frequency is comparable to that previously
reported for this study site (21) and for other species of Old World monkeys
(e.g., refs. 25, 49–52). As in other studies, all alliances targeted lower-ranking
individuals. Females formed the majority of alliances (69%) with nonkin (see
also ref. 21). When corrected for the number of kin and nonkin, females
formed more alliances than expected with kin.
Playback Experiments. Trials wereconducted opportunisticallyoveran11-month
period.Wetestedasmanydyadsaspossibleineachcondition(groom+call,groom
only, and threat+call). We were able to test 23 nonkin and 5 kin dyads in all three
conditions. An additional 23 nonkin and 8 kin dyads appeared in two conditions,
whereas29nonkinand8kin dyadsappearedinonlyonecondition.Trials included
23 unique subjects and 21 unique partners.
All trials were initiated at least 10 min after the subject and her partner
had ceased interacting and had separated. We chose 10 min as the minimum
time delay (rather than 30 min, as in ref. 4), because we were concerned that
a longer delay would increase the likelihood that subject and partner would
come into proximity of one another, thus limiting our opportunities to conduct a trial. The mean time delay between cessation of the grooming bout or
threat and the playback experiment or control follow was 22 min (range: 10–
55). There was no evidence that results were affected by the time delay between cessation of a grooming bout or threat and the playback experiment.
In trials involving playbacks, we used as stimuli threat grunts that had been
recorded within the previous year using Sennheiser ME88 microphones and
Nomad and Marantz digital recorders. Calls were analyzed using Cool Edit
software (Syntrillium) to ensure that they were of high quality, without
vocalizations from other baboons or background noise. All sequences were
selected to match the amplitude and bout length (2–3 s) of naturally occurring calls. Calls were broadcast from a Bose Roommate II speaker concealed in vegetation at least 5 m from the subject and in the same direction
as the caller’s actual location.
Trials were initiated when the subject was out of sight and earshot of the
individual whose call was being played and either sitting or feeding with her
body oriented at a 90°–135° angle from the speaker. No individual was the
subject of more than one playback per week, and a maximum of one
playback occurred each day.
We used two dependent measures when scoring trials (i): whether the subject’s
ﬁrst move after playback was toward the speaker; and (ii) whether, in the half hour
after playback, the subject approached to within 2 m of her former grooming
partner without threatening or supplanting her (a “friendly approach”). Given
that the playback only mimicked an aggressive interaction, a dependent measure
based on actual alliance support was by deﬁnition impossible. Numerous playback
experiments on birds and primates have used movement toward or away from the
source of a vocalization as a proxy measure of an individual’s willingness to engage
in an interaction or avoid one (e.g., refs. 21, 40–42, 53–55).
Statistical Analysis. All statistical analyses were conducted with R statistical
software (version 2.9.0, R Foundation for Statistical Computing, R Development Core Team, 2009). In analyses where we found a signiﬁcant interaction between two effects, we split the data set and carried out post hoc
comparisons to explore the nature of the interaction in more detail. GLMMs
were calculated using the function ‘lmer’ of the R package ‘lme4’ (56; R
package version 0.999375–31). Models were ﬁtted using binomial error
structure and logit link.
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ciprocal exchanges may be particularly important when animals
live in large social groups composed of individuals of varying
degrees of genetic relatedness, and in which cooperation with
both kin and nonkin is essential.
It has been argued that the cognitive abilities demanded by
contingent cooperation limit its occurrence in animals (see Introduction). Although animals may be less adept than humans at
keeping track of favors given and returned, they nonetheless
have the capacity to recognize noncooperators (38, 39) and to
remember speciﬁc events. Several experiments have now demonstrated, for example, that baboons’ behavior is strongly inﬂuenced by the memory of speciﬁc interactions involving particular
individuals or their relatives (21, 40–42). The paucity of convincing
evidence for contingent cooperation in tests with captive animals
may be due in part to the stringent standards set by these experiments, which typically require proof of equal back-and-forth
exchanges of single currency food rewards (e.g., refs. 12, 13). These
requirements may have set the bar unrealistically high, leading
investigators to underestimate the extent to which a recent cooperative interaction may motivate animals to cooperate again.
Indeed, many forms of contingent cooperation may be mediated
by relatively simple proximate mechanisms based on the memory
of previous interactions rather than the expectation of future reward (11). Thus, reciprocity may be maintained by a kind of
partner-speciﬁc “emotional bookkeeping” (11, 43) that permits
long-term tracking of multiple partners and facilitates cooperation
in different behavioral currencies. The resulting bonds that develop between preferred partners may motivate future positive
interactions, without the need for explicit tabulation of favors
given and returned, or calculations of anticipated beneﬁts (11, 43–
45). For unrelated females who interact at low rates, a single
grooming bout may temporarily elevate a female’s positive emotions toward her partner sufﬁciently above baseline to inﬂuence
her immediate interactions with her. In contrast, grooming and
support among females with close bonds (who are also usually kin)
should be less subject to immediate contingencies and less inﬂuenced by single interactions. Indeed, previous research has suggested that the support of kin is less contingency based than that of
nonkin (4, 7, 25). In these experiments, too, we found no signiﬁcant
differences across conditions in the likelihood that kin would
move toward or away from the speaker upon hearing a relative’s
recruitment call.
In sum, several factors may interact to motivate contingent cooperation in nonhuman primates under natural conditions: the
strength of the partners’ social relationship (or kinship), the nature of
their recent interactions, and the opportunity to reengage in some
form of cooperative behavior. Contingent cooperation is doubtless relatively rare in animals compared with the high rates of cooperation
that occur among long-term partners and kin. Moreover, given the
methodological difﬁculties inherent in demonstrating that a potentially altruistic act has been elicited by a speciﬁc recent interaction, it is
unlikely that any single test can ever conclusively demonstrate its
occurrence under natural conditions. Nonetheless, the results presented here suggest that under certain conditions animals’ motivation
to support a recent partner is mediated, at least in part, by the nature
of a speciﬁc recent interaction.
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