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available (IC), we compared the IB to the IC, in which both monkeys
were shown a HVR prior to exchange, but after completing, the
exchange received an MVR. To test the hypothesis that the inclusion
of a task elicits a different response, we compared the IB with the
GR, in which both individuals received their respective reward (sub-
ject MVR, partner HVR) for ‘free’, without having to exchange a
token beforehand.

All comparisons used the overall refusal rate (combining refusal
to participate with refusals of the reward). Overall comparisons
were done with Friedman’s tests, and paired comparisons with
Wilcoxon signed-rank exact tests (analyses were repeated with
repeated-measures ANOVAs to take into account possible nesting
despite the marginal sample size for parametric tests; see the elec
tronic supplementary material). One-�fth (20%) of the data were
re-coded from video tapes by coders blind to the hypotheses.
Coders showed high agreement on the monkeys’ refusal rate
(agreed on 99.8% of trials, Cohen’s k ¼ 0.995).
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Figure 1. Mean percentage+ s.e.m. of total refusals (token
and food refusals combined) in each condition male and
female subjects (see the electronic supplementary material,
table S1 for details of each condition). Bars indicate signi�-
cant pairwise comparisons for males. Black bars, males;
grey bars, females.
3. RESULTS AND DISCUSSION
Squirrel monkeys varied in their rate of refusal among
the four conditions ( �gure 1 and see also electronic
supplementary material, �gure S1; Friedman’s test,
n ¼ 24, x2 ¼ 32.309, d.f. ¼ 3, p , 0.001). However,
they did not respond differently when their partner
got a better reward as compared with when both got
the same, lower value outcome (comparing IB with
EC: Tþ ¼ 137, n ¼ 22, p ¼ 0.733). Thus, these mon-
keys showed no evidence of social contrast, or inequity
On the other hand, the monkeys did respond differ-
ently when they were offered a HVR but then
received a lower one, again as compared with when
they were given the same lower value reward (comparing
IC with EC: Tþ ¼ 202, n ¼ 23, p ¼ 0.051), indicating
individual contrast. However, this behaviour was clearly
driven by the males’ response (see below). In a direc
comparison, they were more responsive to individual
than social contrast (comparing IB with IC: Tþ ¼
50.5, n ¼ 21, p ¼ 0.023).

Previous results have found sex differences in
responses [5], thus, we also analysed males and female
separately. Neither males nor females refused more often
in the IB than the EC condition (comparing IB with EC;
males:Tþ ¼ 49.5, n ¼ 23, p ¼ 0.779; females:Tþ ¼ 9,
n ¼ 5, p ¼ 0.686). However, males did refuse more
often in the IC condition than the EC condition (com-
paring IC with EC: Tþ ¼ 74.5, n ¼ 13, p ¼ 0.042),
while females did not (Tþ ¼ 6, n ¼ 6, p ¼ 0.344).
Directly comparing the IC and IB (social contrast) con-
ditions, again, males were more responsive to individual
than to social contrast whereas females were indifferen
(comparing IC with IB; males: Tþ ¼ 6, n ¼ 11, p ¼
0.016; females: Tþ ¼ 14.5, n ¼ 6, p ¼ 0.395). Thus
male squirrel monkeys, but not females, compare their
outcomes to those which were offered previously.

Considering the role of effort, Brosnan [8] hypoth-
esized that individuals would show stronger reactions
when a task was present than when rewards wer
given for free, but only one within-subject test has ver-
i�ed this (among chimpanzees [5]; see also [24] for a
between-subjects comparison in tamarins). We �nd
that overall, despite not responding to inequity, squir-
rel monkeys refused less often when rewards were give
for free than when they had to exchange to obtain
those rewards, although this response appears to b
due mainly to the males’ behaviour (overall: IB
versus GR: Tþ ¼ 283, n ¼ 24, p , 0.001; males:
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Tþ ¼ 102, n ¼ 14, p ¼ 0.002; females: Tþ ¼ 18,
n ¼ 6, p ¼ 0.115; see the electronic supplementary
material, �gure S3). One possible explanation is that
this is due to feeding practices in captive groups, which
may result in food being distributed unequally (e.g.
resulting from dominance interactions and scramble
competition; [5 ]). However, subjects may also treat
earned rewards and ‘free’ rewards differently [25], includ-
ing expecting outcomes following joint efforts to be more
equal than those resulting from good fortune [3,5].

Thus, we �nd that, unlike more cooperative species,
squirrel monkeys do not respond to social contrast,
that is, they do not refuse interactions if their partner
receives a better reward for the same task. There ar
several possible explanations for the difference in out-
comes between squirrel and capuchin monkeys. First,
it is possible that this trait is ancestral among primates,
but was lost in squirrel monkeys. However, other
studies �nd no evidence of inequity in orangutans
[14,26,27], and little evidence in tamarins [24]. A
second possibility is that the response is an emergen
property of advanced cognition, seen primarily in
species such as capuchins and chimpanzees, wit
high brain-to-body ratios [ 28]. Again, however, the
lack of a response in orangutans suggests that this i
not the case. The response could also be affected b
social organization, with more gregarious species evol
ving greater responses to social contrast, a hypothesis
which is not supported by either the orangutan or
squirrel monkey data. Thus, the current data suggest
that the response to inequity is the result of convergent
processes, rather than homology, and, at present
best support the hypothesis that cooperation and the
negative response to inequity emerged in tandem.

Of course, these data do not indicate a causa
relationship. One hypothesis is that following the emer-
gence of cooperation, there was increased selectiv
pressure on the ability to determine when one’s coopera-
tive relationships were no longer bene�cial. A plausible
mechanism is that individuals who reacted when
their outcomes differed from those of one’s partners
were more likely to �nd new social partners [8,29].
Functionally, this may result in better (i.e. more




