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Without joint benefits, joint actions could never have evolved.
Cooperative animals need to monitor closely how large a share
they receive relative to their investment toward collective goals.
This work documents the sensitivity to reward division in brown,
or tufted, capuchin monkeys (Cebus apella). In addition to confirming previous results with a larger subject pool, this work rules
out several alternative explanations and adds data on effort
sensitivity. Thirteen adult monkeys exchanged tokens for rewards,
showing negative reactions to receiving a less-favored reward
than their partner. Because their negative reaction could not be
attributed to the mere visibility of better rewards (greed hypothesis) nor to having received such rewards in the immediate past
(frustration hypothesis), it must have been caused by seeing their
partner obtain the better reward. Effort had a major effect in that
by far the lowest level of performance in the entire study occurred
in subjects required to expend a large effort while at the same time
seeing their partner receive a better reward. It is unclear whether
this effort– effect was based on comparisons with the partner, but
it added significantly to the intensity of the inequity response.
These effects are as expected if the inequity response evolved in
the context of cooperative survival strategies.
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T

he recent discovery that monkeys respond negatively to
unequal reward distributions (1) has generated wide interest
among primatologists as well as economists (2–6). Humans, too,
respond negatively to unequal treatment, sometimes doing so
even in cases in which the inequity advantages themselves (7–9).
A negative response to inequity probably evolved in a context
in which parties cooperate without knowing in advance how the
payoffs will be distributed. In chimpanzees (Pan troglodytes),
reciprocity may be more important than social dominance in
deciding who gets how large a share (10). For example, regardless of rank in the group, wild male chimpanzees who fail to
contribute to a cooperative hunt are less successful than the
hunters themselves in obtaining a share of the meat (11; but see
ref. 12), which might reflect recognition of effort. Because
coordinated hunting is also known of capuchin monkeys [Cebus
spp. (13, 14)], these primates face the same problem of payoff
division after collective effort.
When primates work together to secure resources, success is
positively correlated with the level of tolerance during subsequent resource division (15, 16). The tendency to share thus
feeds back into the tendency to cooperate. In fact, when
capuchin monkeys are given a chance to cooperate for unequal
rewards, only those pairs that spontaneously alternate highvalue rewards between themselves prove successful (17). This
behavior makes monopolization of gains by dominant individuals a short-sighted strategy: in the long run, equitable outcomes produce benefits to both the dominant and the subordinate party. If this hypothesis is indeed the evolutionary
origin of negative reactions to inequity in nonhuman primates,
it resembles the explanation given for the evolution of inequity
aversion in our own species (18 –20) [although equity may be
preferred even outside the context of cooperation (21)]. Of
course, inequity aversion implies that humans respond negatively to inequity that benefits them as well as inequity that
costs them. Whereas the majority of studies, including the
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present one, test only responses to ‘‘disadvantageous (costly)
inequity,’’ there is a great need for testing of both kinds to
determine any true sense of ‘‘fairness’’ (2).
Before comparisons between human and nonhuman inequity
responses can be profitable, however, it needs to be verified that
what other primates react to is indeed distributional inequity and
not some other feature of the situation. The purpose of the
present work is to elucidate this issue by teasing apart the
potential variables involved. The response could depend on (i)
direct comparison by the subject of its own rewards and those of
its partner; (ii) individual experience with better rewards; or (iii)
the mere sight of such rewards. Additional variables to be
considered are the effort required to secure rewards and the
nature of the social relationship between partners. In both
human and nonhuman primates, the strength of the inequity
response seems inversely related to relationship closeness (7, 22,
23). Sharing of rewards, sensitivity to inequity, and successful
cooperation seem to be products of the tolerance engendered by
a close social relationship.
In the original inequity experiment, brown capuchin monkeys
performed a simple exchange task in which they returned a token
to the human experimenter for a food reward (1). In some tests,
subjects received a piece of cucumber, just like their partner, but
in other tests, the partner first received a far superior reward, a
grape, followed by the subject still receiving only a piece of
cucumber. Performance on the task dropped sharply (e.g.,
subjects returned fewer tokens and accepted fewer rewards) if
the partner received a superior reward compared with situations
in which both received the same reward. These results were
replicated with chimpanzees (23).
An alternative hypothesis is that the mere sight of valuable
food explains the drop in performance (24, 25), hence a response
caused by ‘‘greed’’ rather than ‘‘envy.’’ Accordingly, the observed negative reaction does not result so much from what the
partner receives, but from the mere availability of high-quality
rewards. Even though this greed hypothesis was unsupported by
a control built into the original experiment (2, 24), more rigorous
controls are possible and have been included in the present work.
A second alternative hypothesis, which, like the greed hypothesis, focuses on the individual and its experiences rather than the
relationship with the partner, is the frustration hypothesis.
Accordingly, subjects react with frustration to the contrast
between food currently available and superior food received on
previous occasions. Thus, the cucumber recipient may be reacting to the contrast between its food and grapes that it received
in previous testing. A recent study confirmed such a contrast
effect in capuchin monkeys, which rejected cucumber more after
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Replication Using the Typical Exchange Measure. To verify the
presence of the previously found inequity effect (1), the three
basic conditions without effort variation were first analyzed, i.e.,
equality (Eq), equality with grape visible (Eq-G), and inequity
(Ineq). The results (Fig. 1) show a significant drop in typical
exchange during the Ineq compared with the Eq conditions
(Wilcoxon test Ineq vs. Eq: n ⫽ 13, T ⫽ 14, P ⬍ 0.025; Ineq vs.
Eq-G: n ⫽ 13, T ⫽ 18, P ⬍ 0.05, both one-tailed) but no
difference between the two Eq conditions, hence no indication
van Wolkenten et al.
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Fig. 1. Percentage of typical exchanges in three conditions with the same
level of effort. Typical exchanges were those in which subjects completed the
interaction in 5 s and accepted the reward. Equality test, both receive cucumber; Equality-G, Equality test with grapes visible; Inequity test, partner receives
grape, subject receives cucumber.

that the visibility of grapes matters [Wilcoxon Eq vs. Eq-G: n ⫽
10¶, T ⫽ 22.5, not significant (NS)]. The latter lack of effect
argues against the greed hypothesis, according to which Eq-G
should give results closer to the Ineq than the Eq test because of
the visibility of the better food reward.储
No significant differences were found between male and
female subjects in their performance on the three basic test
conditions (Mann–Whitney U test for N1 ⫽ 9 females, N2 ⫽ 4
males: Eq, U ⫽ 15.5, NS; Eq-G, U ⫽ 10.5, NS; Ineq, U ⫽ 16, NS),
nor was there a sex difference in the effect of inequity (measured
as the difference in typical exchange between Eq and Ineq
conditions; U ⫽ 18, NS).
Performance Over Time. In the original study, subjects increased
their rate of refusal as sessions progressed in conditions in which
a higher valued reward was given to a partner, but not if a higher
valued reward was merely visible (1, 2, 24). Replicating this
analysis, again by using the number of refusals to exchange, for
the three main conditions without effort variation, i.e., Eq,
Eq-G, and Ineq, we found the same difference in slope [Zar’s
method for comparing the slopes of regression lines (29), P ⬍
0.05]. As can be seen in Fig. 2, the effect of inequality is limited
to the second half of the test session, indicating that it is a
relatively delayed response. This analysis provides further evidence against the greed hypothesis because the changes in
behavior are not based on seeing the higher-value reward but
rather on seeing a partner receive it.
Frustration Effect. There has been debate about whether individuals respond negatively to receiving cucumber after previously
having experienced favored foods (4, 26) because of the frustration effect (30). However, a previous study claiming primacy
of the frustration effect (4) had serious methodological flaws
(26). In the current work, conditions were randomized, and
individuals served as both subjects and partners, so no subject

¶N

varies because ties are excluded from Wilcoxon tests.

储The typical exchange measure employed in the present work differs from the measure used

in ref. 1, which concerned refusals to exchange or to consume rewards. Using the latter
measure, subjects showed fewer refusals in the Eq than the Ineq test (Wilcoxon Eq vs Ineq:
n ⫽ 9, T ⫽ 6, P ⬍ 0.05, one-tailed). The Eq-G test showed an intermediate outcome, not
significantly different from either the Eq or Ineq test (Wilcoxon Eq vs. Eq-G: n ⫽ 9, T ⫽ 11,
NS; Ineq vs. Eq-G: n ⫽ 11, T ⫽ 26, NS, both one-tailed). This result may mean that greed, or
the desire for a better reward, plays a somewhat stronger role in whether subjects
complete the interaction at all rather than in a typical fashion, although these results also
suggest that inequity is a stronger factor than greed.
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Results and Discussion
This work used a paradigm similar to that of the original Brosnan
and de Waal study (1). Subjects were paired and given food
rewards, either immediately after a successful exchange or, for
some conditions, without exchange. Rewards were pieces of
cucumber and grapes, which all subjects preferred to cucumber
at least 90% of the time. Dependent measure was the ‘‘typical
exchange’’ or exchanges completed within 5 s (for more details,
see Methods).
This work included a condition in which food rewards were
shown to the subject before completing the exchange (visiblereward exchanges) to complement the original condition in
which rewards were indicated only after a successful exchange.
If reward expectation (independent of what the partner received) is a factor in exchange performance, we expect more
refusals when rewards are visible. However, for none of the nine
conditions did the two methods of exchange yield significantly
different results (Wilcoxon tests comparing individual performance). Because payoffs were the same throughout the session,
to keep the subjects from responding based on expectations of
changing rewards, subjects may have learned what to expect, and
seeing the rewards before a specific trial may not have been as
salient as in situations with greater uncertainty. For analysis, the
data were averaged for the two conditions.

90%

Percent typical exchange

first having received grapes (4). In the latter experiment, however, the monkeys also showed negative reactions to inequity,
and the authors neglected a statistical comparison between both
effects. Moreover, this work did not replicate the methodology
of the original study in that the monkeys were not required to
perform a task (26).
Task performance may turn out to be critical because two
studies, one concerning the same monkeys as in the original
inequity study, failed to find negative reactions to unequal food
distribution if food was simply given for ‘‘free’’ instead of as a
reward for a task (27, 28). Food provisioning apparently exerts
quite a different influence on behavior than food handed out
item-by-item contingent on task performance. This difference
fits the above hypothesized evolutionary background of the
inequity response, which emphasizes a comparison between
individual payoffs for effort, not merely individual access to
food.
Simply being handed food is commonplace in captivity, and
finding food is commonplace in the wild. These situations may
not be sufficient to trigger the inequity response. The addition
of a task probably changes the monkeys’ perception of events,
creating an expectation of rewards commensurate with their own
and others’ effort. The original study indicated an effect of effort
above and beyond the effect of reward distribution (1), but at the
time this issue was not explored in depth.
The purpose of the current work is to examine the inequity
response in a way directly comparable with the original study but
taking into account alternative hypotheses and further details of
the inequity response for a deeper understanding of the monkeys’ behavior. We also used a larger subject pool, including both
genders, while employing the same simple barter task used
before because, as argued above, task performance may be key
to an inequity response.
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Fig. 2. In the Ineq sessions, in which their partners received a better reward,
subjects increased their likelihood of refusing to exchange over the course of
the 25 trials. In Eq and Eq-G sessions, the subject’s willingness to exchange did
not change over the course of the session.

completed more than four sessions before having received a
grape in at least one session. Thus, we could test the frustration
effect by comparing test performance based on food received in
the immediately preceding test, regardless of whether the individual acted as a subject or partner. Given the claim that the
frustration effect can explain all results (4), we combined the
three main conditions in which the subject received cucumber
(i.e., Eq, Eq-G, and Ineq).
The most rigorous evaluation on the effect of past testing is to
compare responses across four possible preceding reward distributions. How did the subject respond dependent on whether
previously (i) both individuals had received cucumber; (ii) the
subject had received cucumber but its partner a grape; (iii) the
subject had received a grape but its partner cucumber; and (iv)
both individuals had received grape. We did not have all of these
conditions for all subjects, but we were able to test typical
exchange with a Friedman’s test and found no indication that
responses varied (Friedman’s 2 ⫽ 0.868, df ⫽ 3, P ⫽ 0.833). We
then collapsed the above four conditions into two: tests conducted after the subject had received either (i) a grape or (ii) a
cucumber in the previous test. We found very similar results.
Typical exchange after a test that rewarded a grape (mean ⫾
SEM, ‘‘frustration’’: 85.4 ⫾ 3.4%) was very similar to that after
a test which rewarded a cucumber (‘‘no-frustration’’: 87.6% ⫾
2.1%). Significant differences existed neither for the overall
results (Fig. 3; Wilcoxon: n ⫽ 13, T ⫽ 36, NS) nor if tested for
each of the three conditions (Eq, Eq-G, or Ineq) separately. The
frustration effect predicts reduced performance by subjects
receiving cucumber after sessions in which they had received a
grape. Yet, no change in performance was detectable, thus ruling
out the frustration effect as an explanation.
Effect of Effort and Reward. The importance of effort, hinted at
before (1), was clearly evident in the present work. Because the
‘‘large-effort’’ conditions contained multiple exchanges per session (and hence are not exactly comparable with the ‘‘smalleffort’’ conditions), for the purpose of this analysis the frequency
of typical exchanges is calculated as trials in which subjects
completed each exchange within 5 s and consumed the reward.
18856 兩 www.pnas.org兾cgi兾doi兾10.1073兾pnas.0707182104
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Fig. 3. There was no evidence of a frustration effect. Subjects showed typical
exchanges at about the same rate in sessions immediately after those in which
they had received grapes (frustration) as in those after sessions in which they
had received only cucumber (no frustration).

We first compared the four effort conditions in which subjects
received cucumber. To do so, we normalized the data by ranking
for each subject its typical-exchange performance across these
conditions (Eq-Ef1, Eq-Ef3, Ineq-Ef1, and Ineq-Ef3). These
ranked data were then subjected to a repeated-measures
ANOVA with two reward conditions (Eq or Ineq) and two effort
conditions (the subject exchanges either once or three times).
The result was a significant effect of both effort (F1,12 ⫽ 15.32,
P ⫽ 0.002; see Fig. 4) and reward distribution (F1,12 ⫽ 16.67, P ⫽
0.002), as well as a significant interaction between the two
(F1,12 ⫽ 16.76, P ⫽ 0.001).
Pairwise comparisons of the four conditions show no significant effect of reward distribution for the large-effort difference
(Wilcoxon test: Eq-Ef3 vs. Ineq-Ef3, n ⫽ 12, T ⫽ 18.5, NS),
indicating that subjects do not distinguish reward differences
when the required effort is great. However, there exists a
significant effect of reward distribution for the small-effort
difference (Eq-Ef1 vs. Ineq-Ef1, n ⫽ 13, T ⫽ 2, P ⬍ 0.005,
one-tailed), again confirming an inequity response in these
monkeys.
If reward condition is held constant, variation in effort yields
significant results. When both individuals receive the same
reward, subjects exchange significantly less when their effort
required is greater (Eq-Ef1 vs. Eq-Ef3, n ⫽ 12, T ⫽ 2, P ⬍ 0.005,
one-tailed). When the subject is doubly disadvantaged by both
receiving a lesser reward and putting in more effort, there
remains a significant difference in the predicted direction between large and small effort, with subjects responding more
slowly in the greater-effort condition (Ineq-Ef1 vs. Ineq-Ef3, n ⫽
11, T ⫽ 11, P ⬍ 0.05, one-tailed).
It is unclear from the above analysis whether the effect of
effort is the result of the subject’s own effort, which can be great
or small, or the difference in effort with the partner for any given
trial, who, under these conditions, never performs a task. There
is one direct-effort comparison possible, however, between the
basic Eq condition (subject exchanges once, partner exchanges
van Wolkenten et al.
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Fig. 4. Individual effort magnifies the effect of inequity. Large indicates that
three exchanges were required of the subject. Small indicates that only a
single exchange was required. Eq indicates that both individuals received the
same reward, and Ineq indicates that the partner received a better reward.
(Left) Black bars show four effort conditions in which the subject received
cucumber, and the partner received either cucumber also (Eq) or grape (Ineq).
(Right) Gray bars show two conditions in which both individuals received
grape.

once, both receive cucumber) and effort condition Eq-Ef1
(subject exchanges once, partner does not exchange, both receive
cucumber). The monkeys’ responses did not differ significantly
between these two conditions (Eq vs. Eq-Ef1, n ⫽ 9, T ⫽ 21, NS),
indicating that most or all of the above response to effort may be
the result of differing levels of effort within the individual rather
than between individuals.
Finally, if both subjects receive grapes, effort matters less.
Under these conditions, they perform at very high levels without
a significant difference between large and small effort (GEq-Ef1
vs. GEq-Ef3, n ⫽ 9, T ⫽ 9, NS).
Thus, the inequity response is most pronounced if subjects
must make only a small effort. With increasing effort, its effects
may outweigh reward inequity, resulting in a decreased inequity
response. However, this finding seems to apply only for rewards
that are not highly preferred. When both monkeys received
grapes, effort became secondary, and performance was high
regardless. Note, too, that what is implied is that subjects are only
willing to respond negatively to inequity when the cost of
responding is small, i.e., refusing cucumber rather than grape.
From an economic perspective, this means that subjects are
sensitive to the price of ‘‘disdain.’’
Building on previous results for a smaller subject pool (1), the
present work confirms that capuchin monkeys react negatively to
situations in which they receive a less-favored reward than their
partner for the same task. Our control procedures suggest that
this response was due solely to the discrepancy between the
monkey’s own and the other’s rewards and not to individual
factors such as greed or frustration. We further found evidence
that energy expenditure significantly modifies the inequity response, with greater individual effort increasing the negative
response to distributional inequity. This role of effort is as
expected if inequity responses evolved in the context of joint
effort toward payoffs that subsequently need to be shared, such
as coordinated hunting. Because previous research has shown
that primate cooperation depends on tolerance during subsequent resource division (15, 16), inequity likely is a main factor
in decisions about cooperation (2, 31).
van Wolkenten et al.

If the inequity response evolved in the context of cooperative
effort and the need for individuals to compare their cost/benefit
balance with that of others, it follows that effort may be an essential
part of the equation and that mere foraging on equal versus unequal
foods may not yield the same result. This theory has been confirmed
by other studies, one of which used the same monkeys as in the
current one (3, 4, 27, 28). Making unequally valued foods freely
available (i.e., the food does not serve as an incentive for anything)
fails to provoke the same response as presently reported for subjects
rewarded for task performance (28).
Finally, the reactions of these monkeys are somewhat different
from those known of humans because the monkeys show only
one component of ‘‘fairness.’’ They react negatively to getting
less but do not seem to show an equivalent reaction to getting
more than the other (2). Unlike the equalizing effect of the
human response (18, 32, 33), the monkeys rather increase
inequity because the one who gets least refuses even this. There
are two possible explanations for this behavior. First, in a more
natural situation in which subjects could leave and find another
social partner, these responses may ultimately optimize outcomes (as opposed to this work, which required subjects to
complete 25 iterations). Second, rather than responding to the
material payoffs per se, subjects may be responding to the process
that produces unequal outcomes. More work will clarify the
context around this reaction as well as how it functions in
cooperative contexts.
The conclusions from this work are that capuchin monkeys
respond negatively to unequal reward distributions, that this
effect can be explained neither by individual expectations of
better rewards based on the past (frustration) nor by the mere
presence of such rewards (greed), and that the sensitivity to
reward inequity is combined with a sensitivity to individual
energy expenditure. The highest performance is obtained when
food is distributed equitably and the effort to obtain it is small,
and the lowest performance is when a monkey has to expend
great effort for less reward than its partner. If, as we propose, this
complex evaluation of reward distribution and energy investment evolved in conjunction with cooperative enterprises, it may
characterize a great variety of social animals.
Methods
Subjects. The study tested 13 brown capuchins drawn from two

separate groups at the Yerkes National Primate Research Center. Social groups consisted of males and females from all life
stages. The groups were housed in two large, indoor/outdoor
enclosures with ample three-dimensional climbing space, trapezes, perches, and enrichment. Water and small-primate chow
(Purina, St. Louis, MO) were available ad libitum. A tray
consisting of fruit, vegetables, and bread with a protein solution
was provided to each group daily after the day’s testing was
completed. This feeding schedule was followed regardless of the
day’s testing, and subjects were never food- or water-deprived.
For more details, see de Waal (34).
Subjects included all adult or subadult monkeys that would
reliably exchange a token with an experimenter for whom there
was a familiar, same-sex exchanger of similar age and rank. The
subjects included two adult males (⬎6 years old), 2 subadult
males (4–6 years old), and nine adult females (⬎4 years old).
Two adult males and seven of the adult females had been used
intensively in previous exchange and inequity experiments.
Monkeys lacking this previous experience were trained for 6
months, repeating almost all procedures from earlier studies (35,
36), so that all subjects had similar experience. All subjects had
to performed 90% of exchanges successfully in two successive
sessions.
The 144- ⫻ 60- ⫻ 60-cm test chamber was divided in half by
a mesh partition to allow visual, vocal, and limited tactile contact
between the two monkeys while keeping them physically sepaPNAS 兩 November 20, 2007 兩 vol. 104 兩 no. 47 兩 18857
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Effort:

rated. Dependent offspring were always allowed into the test
chamber with their mothers. All subjects had extensive experience with the test chamber and separation procedures. Monkeys
acted as both subjects and partners throughout the study.
Whenever possible, an individual did not serve as the subject in
two consecutive tests. No monkey ever participated in more than
one testing session per day (regardless of their role as subject or
partner).
Task. The monkeys received food for performance of a simple
exchange task (35–37). Exchange consisted of the experimenter
placing the token (a small granite rock) into the test chamber,
then standing in front of the test chamber with right hand
outstretched, palm up, as a begging gesture. Subjects received a
reward upon the placement of the token into the experimenter’s
hand. Tokens that were thrown out of the test chamber or were
not placed into the experimenter’s hand were not rewarded.
To determine how expectations affected the monkeys’ behavior, two methods to exchange the token for a reward were used.
In the visible-reward condition, food was held up in the experimenter’s left hand from the time the token was given until the
subject completed the exchange, at which point they received the
reward. In the hidden-reward condition, no reward was held up
until after the token had been returned by the subject [this
method was the same as in the original study (1)]. Rewards were
present in clear bowls during all sessions. In both conditions,
unless otherwise stated, both rewards were visible to both the
subject and the partner at all times.
Before testing, all subjects participated in a series of food
preference tests to verify their preference for a single grape (the
high-value food) over one-quarter of a slice of cucumber (the
low-value food). The subject had to make a choice between two
simultaneously offered food items, of which it could obtain only
one, held out by the experimenter in different hands separated
by ⬇10 cm. Ten choices were offered with reward position
alternating between left and right (35).
Test Conditions. Subjects participated in nine testing conditions,
which all consisted of two individuals sitting side-by-side in the
two sections of the test chamber (Fig. 5). Each condition was run
twice, once using the visible-reward condition and one using the
hidden-reward condition. Subjects completed one condition
before beginning the next. Subject’s initial condition was determined randomly, but half of the males and half of the females
began with each condition.
Each test session consisted of 25 trials of a single variation. The
order of sessions for each subject was randomized before the
commencement of testing. For each trial, the partner exchanged
first, followed by the subject.
Reward variation. Eq test. Both partner and subject exchanged for
cucumber. No grapes were visible at any point (cf. ET in ref. 1).
Eq-G test. This test was the same as Eq, but before every trial
the experimenter waved the clear bowl with grapes in front of the
monkeys. Grapes remained visible throughout the session. This
condition, similar to one in ref. 23, replaced the food-control
condition (1), in which subjects were tested alone.
Ineq test. The partner exchanged for a grape, after which the
subject exchanged for cucumber (cf. IT in ref. 1).
Effort and reward variation. As described below, both efforts and
rewards were varied. In conditions that involved multiple exchanges, each exchange was performed separately, and subjects
had 60 s for each of the three exchanges. However, the trial was
terminated at the first refusal or failure to exchange.
Both cucumber–more effort (Eq-Ef1). The partner received
cucumber for free (i.e., without exchange), after which the
subject exchanged once for cucumber (effort difference ⫽ one
exchange). No grapes were visible.
18858 兩 www.pnas.org兾cgi兾doi兾10.1073兾pnas.0707182104

Fig. 5. A monkey in the test chamber returns a token to the experimenter
with her right hand while steadying the human hand with her left hand. Her
partner looks on. This is a hidden-reward exchange, i.e., the monkey does not
see the reward she is to receive before successful exchange. (Drawing by Gwen
Bragg and Frans de Waal after a video still.)

Both cucumber–much more effort (Eq-Ef3). This test was the
same as Eq-Ef1, except that the subject must exchange three
times for cucumber (effort difference ⫽ three exchanges).
Both grape–more effort and both grape–much more effort. The
above Eq-Ef1 and Eq-Ef3 conditions were repeated using grapes
for both individuals instead of cucumber, which was not visible
during the test.
Less reward–more effort (Ineq-Ef1). The partner received a
grape for free, after which the subject exchanged once for
cucumber (cf. EC in ref. 1).
Less reward–much more effort (Ineq-Ef3). This test was the same
as Ineq-Ef3 except that the subject exchanged three times for
cucumber.
Exchange Measure. The percentage of successful exchanges, reward refusals, and failures to exchange was recorded for each
test. A successful exchange was defined as one in which the
subject returned the token and ate the offered reward. Reward
refusals occurred when the subject returned the token but failed
to eat the reward within 15 s of it being offered (occasionally
subjects would consume ignored rewards at a later point; however, such actions were still coded as a refusal because they
deviated from typical exchange). A failure to exchange occurred
when the subject either failed to return the token within the 60 s
allotted (latency to exchange was considered the time from the
placing of the token in the test chamber to the subject’s returning
van Wolkenten et al.

it) or threw the token out of the test chamber rather than placing
it in the experimenter’s hand. A stopwatch was used to determine
whether the subject exchanged within the allotted time.
During previous testing, a typical exchange took ⬍5 s, and
rewards were accepted immediately (1, 35, 36). We were interested
in situations in which they took longer than this time interval,
indicating abnormally slow exchange behavior or refusal to exchange. Furthermore, if the subject refused to accept the reward,
the exchange was considered nontypical. Thus, we used a typicalexchange measure to determine whether individuals exchanged
‘‘typically,’’ that is, completing the interaction in ⬍5 s and consuming the food. For the conditions in which multiple exchanges
occurred in a row, the typical-exchange measure assumed 5 s for the
completion of each separate exchange followed by the consumption
of the food.
All exchange sessions were recorded by using a Canon digital
video recorder, and data were coded by MvW. Coding could not

be blind because both subjects and their behaviors were visible.
Thus, only behavior with objective criteria (e.g., failure to return
token) were examined. Nonparametric tests were used because
of the small sample size. Two-tailed P values were used except
if a directional prediction existed on the basis of previous
research (indicated in the text when statistic is reported).

Brosnan SF, de Waal FBM (2003) Nature 425:297–299.
Brosnan SF (2006) Soc Justice Res 19:153–185.
Bräuer J, Call J, Tomasello M (2006) Proc R Soc London Ser B 273:3123–3128.
Roma PG, Silberberg A, Ruggiero AM, Suomi S (2006) J Comp Psychol
120:67–73.
Camerer C, Loewenstein GF, Prelec D (2004) Scand J Econ 106:555–579.
Hammerstein P, Hagan EH (2005) Trends Ecol Evol 20:604–609.
Loewenstein GF, Thompson L, Bazerman MH (1989) J Pers Soc Psycholol
57:426–441.
Walster E, Walster GW, Berscheid E (1978) Equity: Theory and Research (Allyn
and Bacon, Boston).
Diekmann KA, Samuels SM, Ross L, Bazerman MH (1997) J Pers Soc Psychol
72:1061–1074.
de Waal FBM (1996) Good Natured: The Origins of Right and Wrong in Humans
and Other Animals (Harvard Univ Press, Cambridge, MA).
Boesch C (1994) Anim Behav 48:653–667.
Gilby IC (2006) Anim Behav 71:953–963.
Perry S, Rose LM (1994) Primates 35:409–415.
Rose LM (1997) Int J Primatol 18:727–765.
de Waal FBM, Davis JM (2002) Neuropsychologia 1492:1–8.
Melis AP, Hare B, Tomasello M (2006) Anim Behav 72:275–286.
Brosnan SF, Freeman C, de Waal FBM (2006) Am J Primatol 68:713–724.
Fehr E, Schmidt KM (1999) Q J Econ 114:817–868.
Frank RH (1998) Passions Within Reason: The Strategic Role of the Emotions.
(Norton, New York).

20. Frank RH (2001) in Evolution and the Capacity for Commitment, Nesse RM, ed
(Russell Sage Foundation, New York), pp 57–76.
21. Dawes CT, Fowler JH, Johnson T, McElreath R, Smirnov O (2007) Nature
446:794–796.
22. Clark MS, Grote NK (2003) in Handbook of Psychology: Personality and Social
Psychology, Millon T, Lerner MJ, eds (Wiley, New York), pp 447–461.
23. Brosnan SF, Schiff HC, de Waal FBM (2005) Proc R Soc Lond B 1560:253–
258.
24. Brosnan SF, de Waal FBM (2004) Nature 428:140.
25. Wynne CDL (2004) Nature 428:140.
26. Brosnan SF, de Waal FBM (2006) J Comp Psychol 120:74–75.
27. Dubreuil D, Gentile MS, Visalberghi E (2006) Proc R Soc Lond B 273:1223–
1228.
28. Dindo M, de Waal FBM (2006) Am J Primatol 69:1–6.
29. Zar JH (1996) Biostatistical Analysis, 3rd Ed (Prentice–Hall, Englewood Cliffs,
NJ), pp 369–371.
30. Tinklepaugh OL (1928) J Comp Primatol 8:197–236.
31. de Waal FBM, in Moral Markets, ed Zak PJ (Princeton Univ Press, Princeton),
in press.
32. Bolton GE, Zwick R (1995) Econ Behav 10:95–121.
33. Henrich J (2004) Nature 428:139.
34. de Waal FBM (1997) J Comp Psychol 111:370–378.
35. Brosnan SF, de Waal FBM (2004) Folia Primatol 75:317–330.
36. Brosnan SF, de Waal FBM (2004) J Comp Psychol 118:133–139.
37. Hyatt CW, WD Hopkins (1998) Behav Proc 42:177–187.

5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

van Wolkenten et al.

PNAS 兩 November 20, 2007 兩 vol. 104 兩 no. 47 兩 18859

PSYCHOLOGY

1.
2.
3.
4.

We thank J. Andreoni and L. Santos for helpful comments on an earlier
version of this manuscript, M. Dindo for assistance with testing, and the
animal care and veterinary staff for maintaining the health of our study
subjects. The Yerkes Primate Center is fully accredited by the American
Association for Accreditation of Laboratory Animal Care. This work was
supported by Grant IBN-0077706 from the National Science Foundation (to
F.B.M.d.W.) and Basegrant RR-00165 from the National Institutes of
Health (NIH) (to the Yerkes National Primate Research Center). S.F.B.
was supported in part by NIH Institutional Research and Academic Career
Development Grant K12 GM00680–05 (to Emory University).

