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Abstract Can chimpanzees learn the reputation of strang-
ers indirectly by observation? Or are such stable behavioral
attributions made exclusively by first-person interactions?
To address this question, we let seven chimpanzees observe
unfamiliar humans either consistently give (generous
donor) or refuse to give (selfish donor) food to a familiar
human recipient (Experiments 1 and 2) and a conspecific
(Experiment 3). While chimpanzees did not initially prefer
to beg for food from the generous donor (Experiment 1),
after continued opportunities to observe the same behav-
ioral exchanges, four chimpanzees developed a preference
for gesturing to the generous donor (Experiment 2), and
transferred this preference to novel unfamiliar donor pairs,
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significantly preferring to beg from the novel generous
donors on the first opportunity to do so. In Experiment 3,
four chimpanzees observed novel selfish and generous acts
directed toward other chimpanzees by human experiment-
ers. During the first half of testing, three chimpanzees
exhibited a preference for the novel generous donor on the
first trial. These results demonstrate that chimpanzees can
infer the reputation of strangers by eavesdropping on third-
party interactions.

Keywords Reputation - Social learning - Eavesdropping -
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Introduction

Humans, unlike other primates, regularly interact with
strangers (Seabright 2005). This feature of human sociality
may have favored the evolution of a cognitive system that
assigns reputations to others. Reputation judgments involve
the attribution of stable character traits or behavioral dispo-
sitions to specific individuals in a flexible and adaptive
manner. Reputation judgments are functionally equivalent
to the conjecture that the behaviors of others are predictable
and consistent. There are two ways to assess reputation as
operationalized here: directly (individual learning), through
first-party interactions, or indirectly (social—observa-
tional—learning), by eavesdropping on third-party behav-
ioral exchanges (McGregor and Dabelsteen 1996).!

!In the animal behavior literature, ‘eavesdropping’ has been defined in
terms of how individuals use ‘public information’ (Valone 2007). Our
use of the term ‘eavesdropping’ in this paper is consistent with the defi-
nition of Parejo and Aviles (2007), “the behavior involving the extrac-
tion of information from signaling interactions between others” (81).
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Direct reputation judgments arguably provide the most
accurate predictor of an individual’s future behavior because
expectations about a given individual’s behavior have been
verified through first-person experiences (Alexander 1987,
Axelrod 1984; Hauser 1992; Hauser et al. 2003). In contrast,
indirect reputation judgments might provide less accurate
predictors of an individuals’ future behavior because the
dynamics governing the interactions of groups, such as the
individual’s past interactions, are not immediately accessible
to the observer and may be specific to the particular group of
observed participants (Alexander 1987; Axelrod 1984).
However, indirect reputation judgments might serve a vital
function in allowing individuals to predict the behavior of
others when direct interactions may be costly (i.e., as in
assessing another’s fighting skill or relative dominance).

Economists have suggested that, because reputation
judgments may be used to predict future behavioral interac-
tions, they represent an essential feature of cooperative
exchanges among humans (Brandt et al. 2003; Brandt and
Sigmund 2005; Fehr and Fischbacher 2003; Nowak and
Sigmund 1998; Sigmund et al. 2001; Wedekind and Milin-
ski 2000). Thus a system for attributing reputation might be
expected in any species in which it is critical to assess the
behaviors of others and to predict the outcomes of future
interactions.

A number of studies have highlighted how natural selec-
tion may favor domain-specific skills’ that function analo-
gously to reputation judgments in a variety of species
(Birds: Amy and Leboucher 2007; Paz-y-Mifio et al. 2004;
Fish: Brosnan and de Waal 2003; Bshary and Grutter 2006;
Grosenick et al. 2007; Dogs: Rooney and Bradshaw 2006).
In these cases, social learning is achieved by calculating the
likelihood of success/failure in a match with either conspe-
cific A or B after eavesdropping on a confrontation between
A and B (Valone 2007). In many of these cases the compu-
tations made by these animals were spontaneous and per-
formance was at ceiling. In some of these studies,
researchers required only an implicit response such as time

2In the cognitive and computer sciences, a ‘domain’ generally refers to
a specific class of information. Fodor (1983), referred to mechanisms
that operate on a specific domain as ‘modules.” These modules are spe-
cialized (processing only certain types of information), fast and
‘encapsulated,” meaning that they operate outside of conscious aware-
ness and are not affected by learning. In contrast, here, we define the
ability to make reputation judgments as an abstract social reasoning
skill, meaning that judgments of reputation though social, are not lim-
ited to specific social contexts or information. Such judgments can thus
be used flexibly in novel circumstances and require inferential reason-
ing; they may even be applied to non-social agents like computers or
even vending machines with a bad ‘reputation’ of stealing your money.
We do not believe that the claims of ‘reputation” in fish and birds (Amy
and Leboucher 2007; Brosnan et al. 2003; Bshary and Grutter 2006;
Grosenick et al. 2007; Paz-y-Mifio et al. 2004; Rooney and Bradshaw
2006) meet this more stringent criterion.
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spent in proximity (Bshary and Grutter 2006) rather than a
direct response requiring an explicit prediction of the future
behavior of conspecifics. Because of this level of perfor-
mance and the fact that these skills appear to exist in only
one context (e.g., fighting/dominance), it is likely that they
are mediated by a highly constrained domain-specific
mechanism dedicated to the processing of dominance infor-
mation alone. Such mechanisms, while impressive, are only
analogously similar to reputation judgments, which have to
be abstract in order to process a wider array of social infor-
mation across different contexts.

There is evidence that primates eavesdrop and, conse-
quently, benefit from third-party interactions (Brumm et al.
2005; Melis et al. 2006). But is learning under these circum-
stances mediated by the same domain-specific reputation
mechanism reported in birds and fish? Or did different selec-
tion pressures acting on primates in general and chimpan-
zees in particular, favor a different type of reputation
mechanism; one that is more abstract and, consequently,
more context and information general? Consider that chim-
panzees live in large fission—fusion groups where individu-
als (males and females) are hierarchically organized
(Goodall 1986). Relationships within these groups are
dynamic and dominance is frequently contested; thus indi-
viduals must negotiate group dynamics through strategic
alliances. These social dynamics have aptly been referred to
as ‘chimpanzee politics’ (De Waal 1982). Chimpanzees
have also been observed to engage in a limited number of
cooperative acts in the wild (Boesch and Boesch-Acher-
mann 2002; Goodall 1986; Hohmann et al. 1999; Mitani
etal. 2000; Mitani and Watts 2001; Nishida and Hosaka
1996; Watts 1998, 2002, 2004; Watts and Mitani 2001), and
laboratory experiments have converged on the observation
that, under controlled circumstances, chimpanzees demon-
strate the capacity to cooperate with humans and conspe-
cifics (Hirata and Fuwa 2007; Melis et al. 2006; Warneken
and Tomasello 2006). Taken together, the dynamic nature of
chimpanzee social structure and their dietary needs, which
place a premium on cooperation, make these animals rela-
tively unique in the animal kingdom and would certainly
favor the emergence of a system for inferring reputation
across a wide variety of information domains and contexts.
In such animals, a mechanism that operates only in a spe-
cific information domain (e.g., fighting/dominance) would
be less advantageous than a more general reputation mecha-
nism——perhaps a part of the imitation faculty (Subiaul
2007)—that allows learning under a variety of contexts and
domains (e.g., fighting, hunting, diet, tool-use).

Perhaps the best evidence in support of the notion that
chimpanzees make reputation judgments, as defined here,
comes from social learning studies. Certainly, social learn-
ing is widespread in the animal kingdom (Zentall 2006),
but to date only great apes and humans have evidenced
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novel motor imitation (i.e., imitation learning)—where
individuals execute behaviors that do not already exist in
their behavioral repertoire—and have extensive behavioral
traditions that range from tool-use to social and communi-
cative conventions (van Schaik et al. 2003; Whiten et al.
1996, 1999). Apes’ unique imitative abilities may allow
them to infer a wide variety of rules by observation includ-
ing behavioral characteristics such as reputation. For
instance, chimpanzees respond differently to humans whom
they observe behaving as unwilling versus unable helpers
(Call et al. 2004), and to those who intentionally rather than
accidentally fail to give them a food reward (Call and Tom-
asello 1998; Povinelli et al. 1998). In addition, Melis and
colleagues (2006) have shown that chimpanzees choose to
recruit the best collaborators in a cooperative task where
two chimpanzees must work in tandem to secure reinforce-
ment. The sophisticated social skills of chimpanzees sug-
gest that they are likely to possess a system for forming
reputation judgments that is likely to be a part of the pri-
mate imitation faculty (Subiaul 2007).

This data indirectly bears upon the question of whether
primates can infer by observation various social rules per-
taining to behavioral attributes and can make reputation
judgments. Yet, none of the naturalistic observations or
experiments described earlier were designed explicitly to
contrast the extent to which chimpanzees make accurate
predictions about the future behaviors of others following
the observation of indirect versus direct exchanges.

Experiment 1

We assessed whether chimpanzees could learn, after multi-
ple observations of an exchange between three human
experimenters, which of two potential human donors was
likely to give a food reward when a request was made from
a third human (i.e., the ‘recipient’). During these
exchanges, one experimenter, “generous donor,” always
offered food to a familiar animal trainer—*‘recipient”—and
another experimenter, the “selfish donor,” never gave food
to the recipient. During testing, chimpanzees had the oppor-
tunity to request food by begging to one of these potential
donors. If they are capable of making spontaneous and
accurate predictions concerning the future actions of
humans from prior observations, they should prefer to beg
from the generous donor on the first trial. First trial
responses are important because, after the first trial, chim-
panzees can make direct reputation judgments, acquired
through first person interactions with the human donors on
earlier trials. Consequently, this procedure sought to
directly assess the relative importance of direct versus indi-
rect reputation judgments on the responses and preferences
of chimpanzees.

Methods
Subjects

Seven chimpanzees, one male and six females ranging in
age from 15.9 to 16.8 and housed in a single social group at
the New Iberia Primate Research Center participated in this
experiment. All of the chimpanzees had been living
together for at least 13 years and had participated regularly
in cognitive and behavioral tests since they were 3—4 years
(for further details on the rearing history and testing envi-
ronment of the chimpanzees, see Povinelli 2003). Studies
were conducted between January 2006 and July 2006.

Procedure
Observation

Chimpanzees were individually tested inside an indoor test-
ing room with a Lexan divider separating the chimpanzees
from the human experimenters. Three evenly spaced holes
in the divider (10 cm in diameter each) located 30.5 cm
above the floor could be covered and uncovered selectively,
allowing the chimpanzees to respond by gesturing through
these response holes. Human experimenters sat on small
gray benches 65 cm from the Lexan divider in front of
these response holes facing the chimpanzee. The human
recipient always stood equidistant between the two donors
at the start of the trial. Two familiar humans played the role
of recipient across an equal number of trials for each chim-
panzee in randomly presented order within 8-trial blocks.
Two unfamiliar humans played the roles of generous and
selfish donors. One individual of the pair always played the
role of a generous donor and the other individual always
played the role of a selfish donor for individual chimpan-
zees; donors did not change roles for individual chimpan-
zees. However, the role of each individual was
counterbalanced between chimpanzee subjects. The posi-
tion of the generous and selfish donors was counterbal-
anced within 8-trial blocks in random order with the
constraint that the generous/selfish donor did not appear in
front of the same response hole for more than three consec-
utive trials.

All exchanges between the recipient(s) and the donors
began once the chimpanzee touched a symbol in the middle
of the Lexan wall and directly in front of the recipient that
signified the chimpanzee’s readiness to respond. This
response forced the chimpanzee to face the experimenters
and attend to the interactions. In the observation phase,
chimpanzees observed a familiar human recipient gesture to
two unfamiliar human donors, one who always gave food to
the recipient (‘generous donor’) and another who always
refused to do so (i.e.,‘selfish donor’) (see Fig. 1). On these
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Fig.1 Example of behavioral
exchanges observed by
chimpanzees in Experiments 1
and 2 involving a recipient and
two donors. a Generous donor,
who always gave food to the
recipient; b selfish donor, who
never gave food to the recipient

trials, each donor faced the chimpanzee and held a piece of
fruit in the palm of their hand. When the recipient gestured
to the generous donor, that donor placed the food in the
recipient’s hand. When the recipient gestured to the selfish
donor, that donor abruptly turned 180° away from the recip-
ient while huddling over the piece of food. Once the recipi-
ent gestured to the donor(s) present, a response barrier (that
prevented chimpanzees from making a response) was low-
ered, uncovering a response hole located directly in front of
the recipient. At this point, the chimpanzee was allowed to
make a response—defined as breaking the plane of the
response hole. The human recipient then placed the piece of
food he had collected from the generous donor on the chim-
panzee’s outreached palm. Reinforcement consisted of vari-
ous types of foods: quarter pieces of bananas, apples, plain
vanilla wafers or cookies with peanut butter filling. Donors
(generous and selfish) always held identical pieces of food
to avoid any preference based on the perceived size or type
of food reward. Throughout this observation phase chim-
panzees could observe but could not receive food directly
from the donors, thus limiting their observations of the
donors to that of indirect, third-party exchanges.

On 24 trials, both donors were present. On an additional
24 trials, only one donor was present (12 trials with the sel-
fish donor alone and 12 trials with the generous donor
alone). Single donor trials were identical to trials described
earlier, except that only one donor was present and no food
was given to the chimpanzee following the observation.

Testing

The procedures used during testing were the same as those
used during observation except for the following: (a) Testing
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consisted of eight 2-trial sessions to guarantee that all sub-
jects would be tested on the same day; (b) both donors were
always present; (c) once the recipient had gestured to each
of the donors (and received food from the generous donor),
he walked to the back of the test unit and stood behind an
occluder without giving a piece of food to the chimpanzee;
(d) both donors faced the chimpanzee and picked up a piece
of food hidden underneath their benches. The selfish
donor—who still had a piece of food—picked up only one
piece of food; The generous donor—who had given his food
to the recipient—picked up rwo pieces of food; (e) Once
both donors visibly held two pieces of food in the palm of
their hands and were facing the chimpanzee, the response
barrier was lowered uncovering a response hole directly in
front of each of the donors, allowing the chimpanzee to ges-
ture through a hole to one of the two donors. If the chimpan-
zee gestured to the generous donor, that donor placed both
pieces of food in the chimpanzee’s hand. If the chimpanzee
gestured to the selfish donor, that donor turned away from
the chimpanzee while huddling over the food.

Data coding

All responses were recorded by two experimenters and
archived on videotape. The chimpanzees’ responses—defi-
ned as gesturing through a response hole to one of the two
donors on the first opportunity to respond—were recorded
by two human independent raters, the recipient and the
observer who recorded the trials on video from a separate
video control room and was unaware of the rationale of the
study. The two observers were in near perfect agreement
(Cohen’s Kappa value of 0.98). A third party resolved all
disagreements by observing the trials in question on video.
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Fig. 2 Experiment 1. The open
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Statistical analysis

First trial data was analyzed using non-parametric tests
because the data was bivariate (selfish or generous). When
first trial data was averaged across donor pairs, one-sample
t-tests were used as these tests have more power for small
samples and chimpanzees’ averages represented continuous
data. Sign tests were used when comparing two dichoto-
mous variables within chimpanzees. Exact P-values were
computed to account for the small sample size and the fail-
ure to meet assumptions of normality and homogeneity.
Directional (one-tailed) tests were used when the a-priori
expectation was that chimpanzees would show a preference
for only the generous donors. The alpha level was set to
o = 0.05 for all tests.

Results

As can be seen in Fig. 2a, chimpanzees, as a group, chose
the generous donor on average 57% (SD = 0.09) of the time
on the very first trial; a result that was not statistically sig-
nificant (Binomial Test, n =7, P = 0.25). The group’s mean
preference for a generous donor across the first 8 trials of
testing was not significant (One-Sample r-test, 1°=1.0,
P =0.17). Individual responses are summarized in Fig. 2b.
There were no significant changes in performance after 16
trials; no individual showed a significant preference for the
generous donor (all n = 16, APO: P=0.11, KAR: P=0.11,
CAN: P=0.23, JAD: P=0.40, BRA: P=0.50, MEG:
P =0.50, MIN: P =0.50).

Discussion
There are several possible explanations for the failure of

our chimpanzees to demonstrate a preference for the gener-
ous donor during testing. First, at a very low level, chim-

T T T T T 1
APO KAR CAN JAD BRA MEG MIN

panzees may have great difficulty discriminating between
two unfamiliar humans.’ Second, during the observation
phase, chimpanzees always received a food reward from
the human recipient, who was absent during the testing
phase. This methodological feature of our study might have
inadvertently resulted in chimpanzees focusing exclusively
on the human recipient who always gave them a food
reward, disregarding the interactions between the human
actors. Third, chimpanzees may have failed to make a con-
nection between the behaviors of human donors directed
towards another human and the future behaviors of those
same humans directed towards them. Failure to perceive a
correspondence between third-party interactions involving
humans and future behaviors toward chimpanzees does not
preclude the ability of chimpanzees to observe and respond
to such correspondences involving their own species, or to
predict the behaviors of strange humans toward other
humans. Fourth, chimpanzees may have failed to infer rep-
utation after few observations, or after repeated observa-
tions involving few potential recipients. Even when humans
form judgments of another’s character, we often reserve
judgment for future interactions until a long history of such
behavior has been revealed. Perhaps repeated exposure to
unfamiliar humans displaying consistent behavioral inter-
actions is necessary for chimpanzees to make indirect repu-
tation judgments. Finally, it is possible that chimpanzees
require multiple, direct, first-party interactions with the
donors to verify the accuracy of their reputation judgments.
Potentially, given such an experience, the chimpanzees
would subsequently display the ability to generalize from
the familiar donors’ behaviors to those of novel donors and
thus utilize these reputation judgments to anticipate which
of the two donors is likely to give them food.

3 After all, we, as humans, often have grave difficulty initially discrim-
inating between members of other species, even chimpanzees.
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Experiment 2

Having established that our chimpanzees did not spontane-
ously predict the future actions of humans, given the oppor-
tunity to indirectly observe exchanges, we now sought to
determine whether chimpanzees could eventually learn to
make this discrimination, given prolonged exposure to
direct interactions with the same two donors. If they could,
we then examined whether they could transfer what they
had learned to novel pairs of unfamiliar donors, after
observing them in a single indirect interaction. In other
words, having learned which of the two familiar donors
were likely to give them food, would chimpanzees general-
ize this social rule to make inferences about the responses
of novel donors?

Methods
Subjects

The same seven chimpanzees who participated in Experi-
ment 1 participated in Experiment 2 immediately after the
completion of Experiment 1. The experiment took approxi-
mately 2 months to complete.

Procedure
Training

All seven chimpanzees received extensive training
(Table 1) with the same two donors engaged in the same
“generous” and “selfish” acts as in Experiment 1 (Fig. 1).
Chimpanzees were continuously tested in blocks of eight
“criterion” trials (criterion training) until they gestured to
the familiar generous donor in seven out of eight trials for
two consecutive 8-trial blocks. Left/right position of the
donors was counterbalanced in blocks of eight trials.

Table 1 Training with familiar donors during Experiments 1 and 2

Subjects Did subject Number of Total number
meet criterion? trials to of trials with
meet criterion familiar donors
APO Yes 15 55
KAR Yes 15 55
CAN Yes 71 143
JAD Yes 75 111
MEG?* Yes 47 89
BRA No N/A 180
MIN No N/A 177

# Subject was excluded because she failed to maintain a preference for
the familiar generous donor
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Transfer testing

Four chimpanzees (APO, KAR, CAN and JAD) met this
criterion and were advanced to transfer testing, during
which they were presented with a series of novel pairs of
human donors (henceforth, novel donor pairs), consisting
of unfamiliar humans. Donor pairs were always matched
for gender. The procedure was identical to that used in test-
ing of Experiment 1, except that, during these transfer ses-
sions, the chimpanzees observed the recipient’s (i.e.,
animal trainer) gesture to each of the familiar donors for a
single observation trial and then were given the opportunity
to beg to one of these two familiar donors themselves (cri-
terion trial). If the chimpanzee gestured to the familiar gen-
erous donor in this criterion trial, they participated in a
single 8-trial session involving a novel donor pair (one sel-
fish, one generous). This procedure allowed us to directly
compare chimpanzees’ preferences for the familiar gener-
ous donor with their preferences for the novel generous
donor on the very first trial. We repeated this procedure
four times for a total of five novel (transfer) pairs of strang-
ers (10 strangers in total). Thus, the chimpanzees partici-
pated in five transfer testing sessions, each with novel
donor pairs.

If a chimpanzee did not gesture to the familiar generous
donor on the criterion trial the transfer session was aborted,
and the chimpanzee was required to meet criterion once
again before transfer testing was resumed. Chimpanzees
were never presented with a novel donor pair unless they
displayed a significant preference for the familiar generous
donor. The position of the novel generous donors on the
very first trial was counterbalanced across transfer sessions
within chimpanzees. In addition, the position of the familiar
and the novel generous donor on the first transfer trial was
counterbalanced such that, in half of the first transfer trials
(involving a novel donor pair), the position of the familiar
donors (during the criterion trial) was the same as the posi-
tion of the novel donors. On the remaining half of first
transfer trials the positions of the familiar and the novel
donors were reversed.

Data coding

All responses were recorded by two experimenters and
archived on videotape. The chimpanzees’ responses—defi-
ned as gesturing through a response hole to one of the two
donors on the first opportunity to respond—were recorded
by two raters, the recipient and the observer who recorded
the trials on video from a separate video control room. The
two observers were in near perfect agreement (Cohen’s
Kappa value of 0.98). Once again, a third party who was
not a co-investigator resolved all disagreements by observ-
ing the trials in question on video.
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Results
Training

After more than four blocks or 32 trials (range: 32—184 tri-
als) with these familiar donors, four chimpanzees [Apollo
(APO), Kara (KAR), Candy (CAN), and Jadine (JAD)] met
the criterion and maintained a significant preference for the
generous donor throughout the study. One chimpanzee,
Megan (MEG), who initially responded to the generous
donor in 7/8 trials for two consecutive blocks was excluded
from Experiment 2 because she subsequently failed to show
a consistent preference for the familiar generous donor on
the first criterion trial of each session.

Transfer testing

As can be seen in Fig. 3a, chimpanzees significantly pre-
ferred to gesture to the novel generous donors on the very
first trial (One-sample #-test, £=346,P= 0.02). Individu-
als’ preferences on the first 8-trials of testing are summa-
rized in Fig.3b. An analysis of the chimpanzees’
performance revealed that there was only a 10% difference
between chimpanzees’ preference for the novel generous
donor (mean = 0.70, SD =0.12) and the familiar donor in
immediately preceding criterion trials (mean = 0.80,
SD = 0). When average preference for all five novel gener-
ous donors on the first trial with those donors was com-
puted for each chimpanzee and compared to average
preference for the familiar generous donor on all five crite-
rion trials the difference did not reach statistical signifi-
cance (paired #-test, £=17,P= 0.18).

To assess whether this preference for generous donors
emerged as a result of extended testing, we compared our
chimpanzees’ preferences in each 8-trial block with all five
novel donor pairs and found no significant effect of testing
block across chimpanzees. As a group, chimpanzees’ mean

Fig. 3 Experiment 2. The open
bars represent the preference for
the generous donor. The shaded
bars represent the preference for
the selfish donor. a Groups’
mean preferences on trial 1,

b individual’s mean preferences
in the first 8 trials
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preference for the novel generous donors did not change
from the first transfer session to the last [Friedman test, X>
(6)=2.91, P=0.85].

Discussion

Two important findings emerged from Experiment 2. First,
after extended experience in which the chimpanzees were
required to reach a criterion preference for the familiar gen-
erous donor, as a group they significantly preferred the
novel generous donor on the very first trial, indicating that
they based this preference on observations of third-party
interactions. Second, for two of the chimpanzees (APO,
KAR) this preference for novel generous donors did not
differ numerically from that for the familiar generous donor.
For the other two chimpanzees, (CAN, JAD), there was a
20% decrement in preference for the novel generous donor
compared with their preference for the familiar generous
donor. Some decline in performance on transfer tests is
entirely expected, given that responding to familiar stimuli
may become somewhat automatic, whereas responding to
novel stimuli requires an additional inference that the conse-
quences of responding will be identical to the consequences
learned through direct experience with the familiar donors.
The finding that group performance did not statistically
differ between familiar and novel pairs, and did not numeri-
cally differ for half of our chimpanzees, is striking given that
at the beginning of transfer testing the chimpanzees had
interacted directly with the familiar donors for more than 30
trials (range 33-182) and not at all with the novel donors.
The only knowledge that could guide their responses in the
initial trials of transfer testing was derived from a single
observation of an indirect, third-party interaction. This result
indicates that chimpanzees can make equivalently valid pre-
dictions of future behaviors (or at the very least develop
equivalent preferences for interacting with particular others)
based on indirect as well as direct reputation judgments.
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Their ability to make use of information acquired indirectly
is consistent with research in children demonstrating that
direct (operant) and indirect (vicarious) reinforcements have
equivalent reinforcing effects (Bandura 1977).

However, an alternative explanation for these results is
that chimpanzees simply avoided the person who abruptly
turned their back during the observation portion of the trial.
In this case, they could have avoided approaching the side
on which that individual sat, in effect, tracking the location
where an aversive behavior occurred in observation, rather
than using a reputation judgment to guide their responses.
Another possibility is that chimpanzees may have been
making judgments about the consequences following very
specific, observable behaviors (e.g., no food given when
experimenter turns away; food given when experimenter
gives to human and does not turn away) rather than about
reputations per se. However, if the chimpanzees were
merely making a behavioristic association between
observed behaviors and reward outcomes, it is surprising
that some required over 100 trials with familiar donors to
reach criterion, and others did not meet criterion. Humans
use patterns detected in the observed behaviors of others to
draw inferences of underlying dispositions, which can then
be used to predict the occurrence of similar behaviors in
both similar and novel contexts. Thus, for humans, reputa-
tion judgments allow for flexible predictions of future
behaviors and dispositions to be generalized from single or
multiple observations with both familiar individuals and
strangers (Maass et al. 2001; Winter and Uleman 1984). In
effect, chimpanzees inferred that because these novel indi-
viduals ‘behaved’ as the familiar donors did, they should
respond to these novel individuals in the same way that
they learned to respond to the familiar individuals, to their
advantage: rejecting the selfish donor and gesturing to the
generous donor. Whether individuals additionally make
attributions of unobservable dispositional states that under-
lie the target behaviors is not testable in the current study
but is a matter of interest for future experiments. However,
it was of importance to extend the findings in Experiment 2
to a different context, further separating the behaviors in
observation and testing, which would require the chimpan-
zees to make a more abstract generalization, precluding a
simple generalization of a behavioral rule learned during
Experiments 1 and 2. Under such conditions, any transfer-
ence is best explained by the generalization of a more
abstract concept of ‘generous’ (or ‘gives food’), selfish (or
‘doesn’t give food’) or both.

Experiment 3

In a third experiment we sought to extend the results
reported in Experiment 2 to a novel experimental context
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using chimpanzee conspecifics rather than human experi-
menters as recipients of the human donors’ selfishness or
generosity. To this end, the same four chimpanzees tested
in Experiment 2 were given the opportunity to observe
novel human donors interact directly with the other three
conspecifics from their peer group (MEG, MIN, BRA).
Using conspecific rather than human recipients might
increase the attention and relevance that our chimpanzees
attributed to the potential donor’s actions.

In addition, the procedures differed from those used in
Experiments 1 and 2 in order to exclude the possibility that
context effects or the use of behavioral rules could facilitate
responses. Specifically, testing procedures for Experiment 3
differed from those used in Experiments 1 and 2 in the fol-
lowing ways. First, human donors wore distinctive t-shirts
differing in both color and pattern; diminishing the possibil-
ity of confusion between the identities of donors (a potential
confound in Experiment 1). Second, Experiment 3 consisted
of an observation phase executed in an outdoor enclosure
and a testing phase executed in the indoor testing unit; elim-
inating the possibility of tracking ‘aversive’ or ‘rewarding’
spatial locations. Third, for each novel donor pair, there was
a single observation session consisting of 12 trials, two trials
with each of the novel donors individually interacting with
three chimpanzees (BRA, MEG, and MIN); making interac-
tions between donors more ecologically valid. Fourth, the
generous and selfish acts differed from those used in Experi-
ments 1 and 2; eliminating the possibility of generalizing
from previously learned ‘patterned behaviors’. Finally,
when chimpanzees responded to the selfish donor, there was
no response, rather than a potentially aversive 180° turn
away from the chimpanzee, as was the case in the previous
experiments; reducing the possibility of behavioral associa-
tions between the observation and testing phases.

Methods
Subjects

Only the four chimpanzees (APO, KAR, CAN, JAD) who
passed the training phase and completed the testing phase
of Experiment 2 participated in the current experiment,
immediately following Experiment 2. Experiment 3 took
approximately 2 months to complete.

Procedure

Observation

Over the course of 12 observation trials, each chimpanzee
(APO, KAR, CAN and JAD) observed two unfamiliar

human donors (a generous donor who extended a tray
baited with food within reach of a recipient chimpanzee and
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a selfish donor who lifted a baited tray above their head,
away from the recipient chimpanzees’ reach) in an adjacent
outdoor cage. They observed a total of eight pairs of novel
donors either give (generous) or refuse to give (selfish)
food to three of their conspecifics (MIN, MEG, and BRA).
Each chimpanzee observed each donor interact individually
with each of the three conspecifics in their outdoor enclo-
sures during six trials (36 total observations). Throughout
observation, an experimenter (FS) recorded the observing
chimpanzees’ attention, defined here as a subjective mea-
sure of amount of time spent looking through the Lexan
window in the direction of a human donor and a chimpan-
zee recipient. If the experimenter did not see the chimpan-
zee peer through the partition, they were given a score of 1
(“did not look at donor”). If chimpanzees looked at the
donor briefly (<5 s), they were given a score of 2. If the
chimpanzee looked at the donor from more than 5 s or on
more than one occasion, they were given a score of 3. This
measure was critical, as we did not train chimpanzees to
attend to the third-party interactions. Consequently, chim-
panzees were free to attend or to ignore the interactions in
the adjacent chamber between their conspecifics and the
novel human donors. Because the interactions in this exper-
iment did not take place in the more confined testing area in
which testing stimuli are typically presented, we could not
guarantee the attention of our chimpanzees to the interac-
tions as reliably as we could in Experiments 1 and 2. Thus,
we recorded these admittedly “rough” measures of atten-
tion simply to validate that chimpanzees did observe the
critical interactions. Table 2 summarizes each chimpan-
zee’s mean attention during “selfish” trials, “generous” tri-
als, and “overall” attention score throughout testing.

At the start of the observation phase, chimpanzees were
placed in the outside enclosure connected to the testing unit,
while one of the three recipient chimpanzees (BRA, MEG,
MIN) was placed in the adjacent outside enclosure. The shut-
tle door separating the two outdoor enclosures was made of
Lexan, allowing the observer chimpanzee to look into the
adjacent enclosure. Both human donors stood out of view of
the participating chimpanzees. For each observation, donors
took turns interacting with one recipient chimpanzee at a
time in the presence of the observing chimpanzee. The other
recipient chimpanzees were in a separate enclosure.

Donors sat on a wooden stool located in front of the
enclosure and held a white food tray (30 x 30 cm?) which
was baited with a piece of food equivalent to a half portion.
(A bowl of fruit was hidden underneath the bench.) The sel-
fish donor never gave their food to the chimpanzee recipi-
ent and looked at the recipient for a total of 1 min. At
approximately 3-5 s intervals they lifted a piece of food,
placed it on the tray, and lifted the tray above their heads
(out of the recipient’s reach). The generous donor sat in
front of the recipient and always extended their tray in the

Table 2 Chimpanzees’ mean attention scores (SE) during ‘selfish’
and ‘generous’ trials as well as overall attention

APO KAR CAN JAD

Selfish

1 1.333(0.21)  1.333(0.33)  1.000 (0) 2.000 (0.37)
2 2.167 (0.40) 1.167 (0.17)  1.500 (0.22) 2.167 (0.31)
3 2.333(0.42) 1.167 (0.17)  1.000 (0) 2.167 (0.31)
4 1.833 (0.40)  1.000 (0) 1.000 (0) 2.333 (0.33)
5 1.333(0.33) 1.333(0.33) 1.333(0.33) 2.500 (0.22)
6 1.000 (0) 1.000 (0) 1.000 (0) 2.000 (0.26)
7 2.667(0.33) 1.167(0.17) 2.333(0.33) 2.000(0.45)
8 1.500(0.22) 1.667(0.33) 1.333(0.21) 1.000 (0)
Mean 1.667 (0.22) 1.167 (0.06) 1.139 (0.09) 2.194 (0.08)
Generous

1 1.667 (0.34)  1.500 (0.34) 1.000 (0) 1.667 (0.33)
2 2.500 (0.34) 1.167 (0.17)  1.167 (0.17)  2.000 (0.37)
3 2.333 (0.42) 1.000 (0) 1.500 (0.34)  2.500 (22)
4 1.167 (0.17)  1.667 (0.33)  1.000 (0) 2.167 (0.40)
5 1.167 (0.17)  1.000 (0) 1.167 (0.17)  1.833 (0.40)
6 1.000 (0) 1.333 (0.33)  1.000 (0) 2.833 (0.17)
7 3.000 (0) 1.167 (0.17)  2.500 (0.34)  2.667 (0.33)
8 2.167 (0.40)  2.000(0.26) 1.667 (0.33) 2.000 (0)
Mean 1.639 (0.26) 1.278 (0.11) 1.139 (0.08) 2.167 (0.18)
Overall

1 1.50 (0.24) 1.42 (0.28) 1.00 (0) 1.83 (0.29)
2 2.33(0.31) 1.17 (0.14) 1.33 (0.17) 2.08 (0.28)
3 2.33(0.35) 1.08 (0.10) 1.25(0.22) 2.33(0.23)
4 1.50 (0.28) 1.33 (0.24) 1.00 (0) 2.25(0.21)
5 1.25 (0.22) 1.17 (0.20) 1.25(0.22) 2.17 (0.29)
6 1.00 (0) 1.17 (0.20) 1.00 (0) 2.42(0.24)
7 2.83(0.20) 1.17 (0.14) 2.42(0.28) 2.33(0.35)
8 1.83(0.29) 1.83 (0.25) 1.50(0.24) 1.50(0.29)
Mean 1.653(0.20) 1.222(0.04) 1.139(0.06) 2.181 (0.07)

Scores in italics represent sessions where experimenters attempted to
increase subject’s attention. These attention scores from these sessions
are not included in the subject’s mean

direction of the chimpanzee when the chimpanzee gestured
to the donor, stood before them or whenever the chimpan-
zee stared at the food. The generous donor remained seated
in front of the recipient and continuously gave her food for
a total of 1 min. For half of the novel pairs, the generous
donor interacted with the recipient first, followed by the sel-
fish donor. The order of interaction was reversed for the
other half of the novel donor pairs. Thus, order was coun-
terbalanced across novel donor pairs within chimpanzees
and counterbalanced across chimpanzees for each donor
pair (n = 8 novel donor pairs). The same two novel donors
were used within sessions and within a given testing day.
The roles of each novel donor were stable and did not
change within sessions or across chimpanzees.
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One of the animal trainers was in charge of transferring
the recipient chimpanzees into and out of the outdoor
enclosures. The outdoor video recorder documented the
amount of time that the donors spent in the presence of a
recipient chimpanzee and indicated to the donors when the
trial was complete. A second experimenter judged whether
the observer chimpanzee had witnessed any of the
exchanges. Ratings were assigned as described earlier.

During sessions 7 and 8, when the observer chimpan-
zee’s attention had been frequently judged as 1 (i.e., not
looking) in the preceding session (see Table 2), the animal
caretaker attempted to increase the chimpanzee’s motiva-
tion to look in the direction of the donors and recipient
chimpanzees by holding a piece of food while standing
immediately behind each of the novel donors. This was
done to ensure that chimpanzees at least had the opportu-
nity to see the critical exchange on which to base the possi-
ble reputation judgment. Chimpanzees were variably
reinforced for looking through the window in between
novel donor pairs (selfish and generous) after the comple-
tion of a trial; Chimpanzees were never reinforced in the
presence of a novel donor.

Testing

Following this observation period, the human donors pro-
ceeded to the indoor testing unit and sat in front of each
response hole with a baited tray. However, no additional
observations were provided. The chimpanzee was allowed
to enter the testing unit and respond by gesturing to one of
the two donors, who either gave them food or did not,
depending on whether they were designated as generous or
selfish donors, for six consecutive trials. Testing procedures
were similar to those used for Experiments 1 and 2 with the
exception that there was no observation period within the
testing unit prior to a response by the chimpanzee. Chim-
panzees entered the test unit, indicated readiness to respond
and, if they gestured to the novel generous donor, they
received reinforcement from the donor, but if they gestured
to the selfish donor they did not.

There were a total of eight 6-trial sessions (one session per
novel donor pair). Within each session, the donors were
counterbalanced for position (on half of the trials each donor
sat in front of the response hole on the chimpanzee’s left).
The chimpanzee had the opportunity to gesture to one of the
two novel donors whom they had just observed interacting
with a conspecific. Immediately following the last observa-
tion prior to each session, the two novel donors were seated
inside the testing unit, facing the chimpanzee (without mak-
ing eye-contact), who entered once they were in position.
Donors held a tray with a food reward, equivalent to a half
portion of a fruit, on their lap. The response barrier was in the
raised position, covering the response holes, at the beginning
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of each trial. An animal trainer was positioned at the back of
the test unit behind the partition to open the shuttle door to
begin a trial. The chimpanzees had 1 min to enter the test unit
once the shuttle door was fully open. As soon as the chim-
panzee entered the test unit, the shuttle door closed behind
them. Chimpanzees had 1 min to initiate the trial and 1 min
after the response barrier was lowered to make a response.
As soon as the chimpanzee entered the test unit, and showed
a readiness to respond, the response holes were opened.
When the chimpanzee gestured to the generous donor, that
donor moved their baited tray within the chimpanzee’s reach.
If the chimpanzee gestured to the selfish donor, that donor
looked at the chimpanzee but did not move their tray,
remaining still. A response was defined as gesturing to one of
the two donors through the response hole.

Results

Across eight sessions the chimpanzees’ mean preference
for the novel generous donor on the very first trial was 53%
(SD =0.51). However, during the first four counterbal-
anced trials of testing (sessions 1-4), APO, KAR and CAN
gestured to the novel generous donor 75% (SD = 0) of the
time during the first half of testing (i.e., sessions 1-4). The
lack of variance precluded the use of a one-sample #-test.
Nevertheless, during the first half of Experiment 3 (pairs/
sessions 1-4), APO, KAR, and CAN had a strong prefer-
ence for the novel generous donor (mean=0.75,
SD = 0.45) on the very first trial; more than during the sec-
ond half of Experiment 3 (pairs/sessions 5-8)
(mean =0.25, SD=045, Z=—-1.36, P <0.05, Wilcoxon
Test; Fig. 4). This pattern of response is consistent with the
hypothesis that chimpanzees are capable of spontaneously
making indirect reputation judgments.

However, these results revealed important differences
between JAD and the other three chimpanzees. Unlike the
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Fig. 4 Experiment 3. Individual chimpanzees’ overall preference dur-
ing testing and for the generous donor during the first half (white bars)
and second half (black bars) of testing
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other three chimpanzees, JAD developed a preference over
time to the novel generous donor. Specifically, JAD ges-
tured to the novel generous donor on 25% of the first four
sessions, whereas, during the second half of testing she ges-
tured to the novel generous donor 100% of the time. The
other chimpanzees demonstrated the opposite pattern of
response, showing spontaneous preferences for the novel
generous donor starting in the first session. This pattern of
performance suggests that although APO, KAR and CAN
spontaneously inferred from the first session that the donor
who gave food to a conspecific would give food to them,
JAD did not. The fact that JAD’s preference for the novel
generous donor developed with successive testing, suggests
the possibility that JAD learned during earlier sessions of
testing who among the two donors was most likely to give
her food based on their interactions with their conspecifics.
Differences in performance between our chimpanzees can-
not be readily explained by differences in perceived degree
of attention to the interactions. JAD appeared equally atten-
tive throughout testing, whereas CAN’s attention appeared
to increase and APO and KAR’s attention appeared to
decrease from the first to the second half of testing (see
Table 2.)

Because we were also interested in potential differences
in the way chimpanzees learned from indirect and direct
experiences with others, we conducted sign tests comparing
each chimpanzee’s performance on the first three to the last
three trials within each novel donor pair. These tests
revealed no differences between the first and last half of
testing, Z = —0.82, P =0. 41), indicating that direct experi-
ence with the novel donors did not notably alter the
responses chosen following only indirect experience.

Discussion

APO, KAR and CAN spontaneously made accurate predic-
tions regarding the novel donor’s likelihood to offer food
based on only indirect observations in a new testing con-
text. JAD learned to make accurate predictions during the
experiment. During the second half of testing, JAD’s learn-
ing (like that of the other three chimpanzees during the first
half of testing) is best explained by vicarious reinforcement
(Bandura 1965), rather than by a traditional association
between a specific response and a reward. Furthermore,
chimpanzees in the present study privileged indirect infor-
mation as much as direct information. Thus, the results of
Experiment 3 provide further evidence that chimpanzees
are just as capable of attributing reputation to strangers by
eavesdropping on third-party exchanges, as they are follow-
ing direct experience. Regardless of whether the results rep-
resent an accurate prediction of future behaviors (sharing
vs. not sharing food), the learning of a (social) rule by
observation (e.g., Subiaul et al. 2004) or an overall prefer-

ence for an individual who has behaved generously in the
past, all explanations rest upon the ability to infer stability
in an individual’s character or behavior over time—an
inference that underlies the ability to make reputation judg-
ments.

General discussion

The performance of the chimpanzees in the present study is
consistent with the work of other researchers who have
reported that chimpanzees (1) recruit the best collaborators
(Melis et al. 2006), (2) track social exchanges (Goodall
1986; Mitani and Watts 2001; Mitani et al. 2002; Wrang-
ham 1999) and (3) actively monitor group politics (deWaal,
1982). Although social learning is widespread in the animal
kingdom as evidenced by transitive social inference in fish
(Grosenick et al. 2007) and birds (Amy et al. in press; Paz-
y-Mifio et al. 2004), and evidence of ‘image scoring’ in
cleaner fish (Bshary and Grutter 20006), the great apes are
the only animal taxa that have evidenced novel motor imi-
tation or imitation learning (Russon and Galdikas 1993;
Stoinski et al. 2001; Whiten 1998; Whiten et al. 1996,
2004, 2007) and exhibit extensive behavioral traditions that
include communicative and social conventions in addition
to a varied tool ‘culture’ (van Schaik 2003; Whiten et al.
1999; but see Perry and Manson 2003) that resembles
human cultures (Subiaul 2007). Because of these unique
social learning capabilities, we suspect that chimpanzees,
and perhaps other primates, are capable of abstract indirect
reputation judgments. This conclusion is buttressed by
chimpanzees’ ability, as well as that of other primates, to
learn many different types of rules by observation (Apes:
Horner and Whiten 2005; Sugiyama 1994; Visalberghi
etal. 1995; Monkeys: Subiaul etal. 2004; Voelkl and
Huber 2007). However, it remains an open question
whether the ability to make reputation judgments, as defi-
ned here, transfers to other tasks and other problems such
as tasks that may elicit altruistic punishment when con-
fronted with a ‘selfish’ donor (Fehr 2002) or, conversely,
elicit prosocial behaviors when in the presence of a ‘gener-
ous’ donor. At the moment, such skills may represent a
human cognitive specialization.

Economists have reported that reputation is a necessary
feature of cooperative exchanges among humans (Seabright
2005). Given recent experimental evidence (e.g., Hirata and
Fuwa 2007; Melis et al. 2006; Warneken and Tomasello
2006); the same may be true for chimpanzees.* The results
reported here, while preliminary, suggest that chimpanzees

4 However, see Jensen et al. (2006); Silk et al. (2005); Vonk et al.
(2008) for results which suggest that chimpanzees are not prosocial
and so unlikely to cooperate.
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are capable of making indirect reputation judgments
because (1) in Experiment 2, chimpanzees showed a spon-
taneous preference for the novel generous donor on the
very first trial across five sessions, (2) the preference for the
familiar generous donor did not differ from their preference
for the novel generous donors despite the many direct expe-
riences with the familiar donors, and (3) during Experiment
3, three of the four chimpanzees’ performance was better in
the first half than in the second half of sessions, a result that
cannot be explained by learning/conditioning accounts,
which would predict the reverse pattern. Although it is pos-
sible to interpret the findings of Experiments 1 and 2 via a
more basic mechanism of learning to associate particular
behaviors or spatial locations with reward, the same mecha-
nism does not explain the results of Experiment 3 for two
reasons: First, the behaviors were different from the ‘pat-
terned behaviors’ chimpanzee may have learned to associ-
ate with rewards in Experiments 1 and 2. And, second, the
observation and testing phases occurred in different loca-
tions, precluding any type of immediate feedback. But,
while the performance of three of the four chimpanzees
during the first half of testing was consistent with the
results of Experiment 2, during the second half of testing
there was no significant preference for the novel generous
donor. This outcome limits any strong conclusion on
whether or not chimpanzees are capable of making indirect
and abstract reputation judgments as defined here and calls
for caution when interpreting these results. Nevertheless,
our hope is that these results both inspire and challenge
comparative scientists to extend the findings reported here
to a larger number of individuals in both naturalistic and
laboratory settings to develop a more complete understand-
ing of the mechanisms mediating indirect reputation judg-
ments that are context- and domain-general in non-human
populations.

Although the ability to predict future behavioral inter-
actions based on indirect information may be limited to
the hominoid clade, we suspect that the more general abil-
ity to infer social rules from observing the behavior of
others is widespread in the primate order. Consequently,
this ability may have served as a catalyst to the evolution
of various uniquely human traits such as shared intention-
ality (Tomasello 1999), language (Dunbar 1986) and rea-
soning about mental states among other unobservables
(Subiaul et al. 2006; Povinelli 2003, 2004; Vonk and
Povinelli 2006).

Acknowledgments We would like to thank S. F. Brosnan, F. deW-
aal, E. Fehr, and D. J. Povinelli, for their comments on earlier versions
of this manuscript. We would also like to thank A. Rideaux, L. Loston,
T. LaVergne and J. Reaux as well as all the volunteers that served as
donors for their assistance throughout this project. This research was
supported in part by a Centennial Fellowship from the James
S. McDonnell Foundation to DJP and a Research Award from the James

@ Springer

S. McDonnell Foundation to H.S. Terrace, J. Metcalfe and F. Subiaul.
All studies were reviewed and approved by the Institutional Animal
Care and Use Committee of the University of Louisiana, Lafayette.

References

Amy M, Leboucher G (2007) Male canaries can visually eavesdrop on
conspecific food interactions. Anim Behav 74:57-62

Alexander RD (1987) The biology of moral systems. Aldine de Gruy-
ter, New York

Axelrod R (1984) The evolution of cooperation. Basic Books, New
York

Bandura A (1965) Vicarious process: a case of no-trial learning. In:
Berkowitz L (ed) Advances in experiment social psychology, vol
2, Academic Press, New York, pp 1-55

Bandura A (1977) Social learning theory. Prentice-Hall, Englewood
Cliffs

Boesch C, Boesch-Achermann H (2002) The chimpanzees of the Tai
Forest. Oxford University Press, Oxford

Brandt H, Sigmund K (2005) Indirect reciprocity, image scoring, and
moral hazard. Proc Natl Acad Sci USA 102:2666-2670

Brandt H, Hauert C, Sigmund K (2003) Punishment and reputation in
spatial goods games. Proc R Soc Lond B 270:1099-1104

Brosnan SF, de Waal FBM (2003) Monkeys reject unequal pay. Nature
425:297-299

Brosnan SF, Earley RL, Dugatkin LE (2003) Observational learning
and predator inspection in guppies (Poecilia reticulata). Ethology
109:823-833

Brumm H, Kipper S, Riechelmann C Todt D (2005) Do Barbary
macaques ‘comment’ on what they see? A first report on vocaliza-
tions accompanying interactions of third parties. Primates
46:141-144

Bshary R, Grutter AS (2006) Image scoring and cooperation in a clean-
er fish mutualism. Nature 22(7096):975-978

Call J, Tomasello M (1998) Distinguishing intentional from accidental
actions in orangutans, chimpanzees, and human children. J Comp
Psychol 112:192-206

Call J, Hare B, Carpenter M, Tomasello M (2004) ‘Unwilling” versus
‘Unable’: chimpanzees understanding of human intentional ac-
tion. Dev Sci 7:488—498

De Waal FBM (1982) Chimpanzee politics. Harper and Row, New
York

Dunbar R (1986) Grooming, gossip, and the evolution of language.
Harvard University Press, Boston

Fehr E (2002) Altruistic punishment in humans. Nature 415:137-140

Fehr E, Fischbacher U (2003) The nature of human altruism. Nature
425:785-791

Fodor G (1983) The modularity of mind. MIT Press, Cambridge

Goodall J (1986) The chimpanzees of Gombe. Belknap Press, Cam-
bridge

Grosenick L, Clement TS, Fernald RD (2007) Fish can infer social
rank by observation alone. Nature 445:429-432

Hauser MD (1992) Costs of deception: cheaters are punished in rhesus
monkeys. Proc Natl Acad Sci USA 89:12137-12139

Hauser MD, Chen MK, Chen F Chuang E (2003) Give unto others:
genetically unrelated cotton-top tamarin monkeys preferentially
give food to those who altruistically give food back. Proc R Soc
Lond B 270:2363-2370

Hirata S, Fuwa K (2007) Chimpanzees (Pan troglodytes) learn to act
with other individuals in a cooperative task. Primates 48:13-21

Hohmann G, Gerloff U, Tautz D, Fruth B (1999) Social bonds and ge-
netic ties: kinship, association, and affiliation in a community of
bonobos (Pan paniscus). Behaviour 136:1219-1235



Anim Cogn

Horner V, Whiten A (2005) Causal knowledge and imitation/emula-
tion switching in chimpanzees (Pan troglodytes) and children
(Homo sapiens). Anim Cogn 8:164-181

Jensen K, Hare B, Call J, Tomasello M (2006) What’s in it for me?
Self-regard precludes altruism and spite in chimpanzees. Proc R
Soc Bio Sci 273(1589):1013-1021

Maass A, Colombo A, Colombo A, Sherman SJ (2001) Inferring traits
from behaviors versus behaviors from traits: the induction—
deduction asymmetry. J Pers Soc Psychol 81:391-404

McGregor PK, Dabelsteen T (1996) Communication networks. In:
Kroodsma DE, Miller EH (eds) Ecology and evolution of acoustic
communication among birds. Cornell University Press, Ithaca,
pp 409-425

Melis AP, Hare B, Tomasello M (2006) Chimpanzees recruit the best
collaborators. Science 311:1297-1300

Mitani JC, Watts DP (2001) Why do chimpanzees hunt and share
meat? Anim Behav 61:915-924

Mitani J, Merriwether DA, Zhang CB (2000) Male affiliation, cooper-
ation, and kinship in wild chimpanzees. Anim Behav 59:885-893

Mitani JC, Watts DP, Muller MN (2002) Recent developments in the
study of wild chimpanzee behavior. Evol Anthropol 11:9-25

Nishida T, Hosaka K (1996) Coalition strategies among adult male
chimpanzees of the Mahale Mountains In: McGrew WC, Mar-
chant LF, Nishida T (eds) Great ape societies. Cambridge Univer-
sity Press, Cambridge, pp 114-134

Nowak MA, Sigmund K (1998) Evolution of indirect reciprocity by
image scoring. Nature 393:573-577

Parejo D, Aviles JM (2007) Do avian brood parasites eavesdrop on het-
erospecific sexual signals revealing host quality? A review of the
evidence. Anim Cogn 10:81-88

Paz-y-Mifio G, Bond AB, Kamil AC, Balda RP (2004) Pinyon jays use
transitive inference to predict social dominance. Nature 430:778—
781

Perry S, Manson JH (2003) Traditions in monkeys. Evol Anthropol
12:71-81

Povinelli DJ (2003) Folk physics for apes: the chimpanzee’s theory of
how the world works. Oxford University Press, Oxford

Povinelli DJ (2004) Behind the ape’s appearance: escaping anthropo-
centrism in the study of other minds, Daedalus, pp 29-41

Povinelli DJ, Perilloux HK, Reaux JE, Bierschwale DT (1998) Young
and juvenile chimpanzees’ (Pan troglodytes) reactions to inten-
tional versus accidental and inadvertent actions. Behav Processes
42:205-218

Rooney NJ, Bradshaw JWS (2006) Social cognition in the domestic
dog: behavior of spectators towards participants in interspecific
games. Anim Behav 72:343-353

Russon AE, Galdikas BM (1993) Imitation in free-ranging rehabilitant
orangutans (Pongo pygmaeus). J Comp Psychol 107:147-161

Seabright P (2005) In the company of strangers. Princeton University
Press, Princeton

Sigmund K, Hauert C, Nowak MA (2001) Reward and punishment.
Proc Natl Acad Sci USA 98:10757-10762

Silk JB, Brosnan SF, Vonk J, Henrich J, Povinelli DJ, Richardson AS,
Lambeth SP, Mascaro J, Schapiro SJ (2005) Chimpanzees are
indifferent to the welfare of unrelated group members. Nature
437:1357-1359

Stoinski TS, Wrate JL, Ure N, Whiten AN (2001) Imitative learning by
captive western lowland gorillas (Gorilla gorilla gorilla) in a sim-
ulated food-processing task. J Comp Psychol 115:272-281

Subiaul F (2007) The imitation faculty in monkeys: evaluating its fea-
tures, distribution and evolution. J Anthropol Sci 85:35-62

Subiaul F, Cantlon JF, Holloway RL, Terrace HS (2004) Cognitive
imitation in rhesus macaques. Science 305:407—410

Subiaul F, Okamoto-Barth S, Barth J, Povinelli DJ (2006) Human cog-
nitive specializations. In: Preuss TM, Kaas JH (eds) Evolution of
nervous systems: volume V; the evolution of primate nervous sys-
tems. Elsevier, New York

Sugiyama Y (1994) Tool use by wild chimpanzees. Nature 367:327

Tomasello M (1999) The human adaptation for culture. Annu Rev
Anthropol 28:509-529

Valone TJ (2007) From eavesdropping on performance to copying the
behavior of others: a review of public information use. Behav
Ecol Sociobiol 62:1-14

van Schaik CP, Ancrenaz M, Borgen G, Galdikas B, Knott CD, Single-
ton I, Suzuki A, Utami SS, Merrill M (2003) Orangutan cultures
and the evolution of material culture. Science 299:102—-105

Visalberghi E, Fragaszy DM, Savage-Rumbaugh S (1995) Performance
in a tool-using task by common chimpanzees (Pan troglodytes),
bonobos (Pan paniscus), an orangutan (Pongo pygmaeus), and
capuchin monkeys (Cebus apella). ] Comp Psychol 109:52-60

Voelkl B, Huber L (2007) Imitation as faithful copying of a novel tech-
nique in marmoset monkeys. PLoS ONE 2(7):e611

Vonk J, Povinelli DJ (2006) Similarity and difference in the conceptual
systems of primates: the unobservability hypothesis. In: Wasser-
man E, Zentall T (eds) Comparative cognition: experimental
explorations of animal intelligence. Oxford University Press, Ox-
ford, pp 363-387

Vonk J, Brosnan SF, Povinelli DJ, Henrich J, Shapiro S, Richardson A,
Lambeth SP, Silk JB (2008) Chimpanzees do not take advantage
of low-cost opportunities to deliver food to group-mates. Anim
Behav (in press)

Warneken F, Tomasello M (2006) Altruistic helping in human infants
and young chimpanzees. Science 311:1301-1302

Watts DP (1998) Coalitionary mate guarding by male chimpanzees at
Ngogo, Kibale National Park, Uganda. Behav Ecol Sociobiol
44:43-55

Watts DP (2002) Reciprocity and interchange in the social relation-
ships of wild male chimpanzees. Behaviour 139:343-370

Watts DP (2004) Intracommunity coalitionary killing of an adult male
chimpanzee at Ngogo, Kibale National Park, Uganda. Inter J Pri-
matol 25:507-521

Watts DP, Mitani J (2001) Boundary patrols and intergroup encounters
in wild chimpanzees. Behaviour 138:299-327

Wedekind C, Milinski M (2000) Cooperation through image scoring in
humans. Science 288:850-852

Winter L, Uleman JS (1984) When are social judgments made? Evi-
dence for the spontaneousness of trait inferences. J Pers Soc Psy-
chol 47:237-252

Whiten A (1998). Imitation of the sequential structure of actions by
chimpanzees (Pan troglodytes). ] Comp Psychol 112:270-281

Whiten A, Custance DM, Gomez JC, Teixidor P, Bard KA (1996) Imi-
tative learning of artificial fruit processing in children (Homo
sapiens) and chimpanzees (Pan troglodytes). J Comp Psychol
110:3-14

Whiten A, Goodall J, McGrew WC, Nishida T, Reynolds V, Sugiyama
Y, Tutin CE, Wrangham RW, Boesch C (1999). Cultures in chim-
panzees. Nature 399:682-685

Whiten A, Horner V, Litchfield CA, Marshall-Pescini S (2004) How
do apes ape? Learn Behav 32:36-52

Whiten A, Spiteri A, Horner V, Bonnie KE, Lambeth SP, Schapiro SJ,
de Waal FB (2007) Transmission of multiple traditions within and
between chimpanzee groups. Curr Biol 17:1038-1043

Wrangham R (1999) Evolution of coalitionary killing. Yearb Phys
Anthropol 42:1-30

Zentall TR (2006) Imitation: definitions, evidence, and mechanisms.
Anim Cogn 9:335-353

@ Springer



	Do chimpanzees learn reputation by observation? Evidence from direct and indirect experience with generous and selWsh strangers
	Abstract
	Introduction
	Experiment 1
	Methods
	Subjects

	Procedure
	Observation
	Testing
	Data coding
	Statistical analysis

	Results
	Discussion

	Experiment 2
	Methods
	Subjects

	Procedure
	Training

	Transfer testing
	Data coding

	Results
	Training
	Transfer testing

	Discussion

	Experiment 3
	Methods
	Subjects

	Procedure
	Observation
	Testing

	Results
	Discussion

	General discussion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


