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Abstract

Stable cooperation requires that each party’s pay-offs exceed those available through individual action. The present experimental study
on brown capuchin monkey€£ébus apella) investigated if decisions about cooperation are (a) guided by the amount of competition
expected to follow the cooperation, and (b) made instantaneously or only after a period of familiarization. Pairs of adult monkeys were
presented with a mutualistic cooperative task with variable opportunities for resource monopolization (clumped versus dispersed rewards),
and partner relationships (kin versus nonkin). After pre-training, each pair of monkeysl(1) was subjected to six tests, consisting of 15
2 min trials each, with rewards available to both parties. Clumped reward distribution had an immediate negative effect on cooperation: this
effect was visible right from the start, and remained visible even if clumped trials alternated with dispersed trials. The drop in cooperation
was far more dramatic for nonkin than kin, which was explained by the tendency of dominant nonkin to claim more than half of the rewards
under the clumped condition. The immediacy of responses suggests a decision-making process based on predicted outcome of cooperatior
Decisions about cooperation thus take into account both the opportunity for and the likelihood of subsequent competition over the spoils.
© 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction of evolution? Ever since Kropotkin'sutual Aid [30], the
solution to this puzzle has been that one way in which the
Observers of social primates often assume great social andcost of helping may be recovered is through return-benefits.
ecological knowledge in their subjects, which knowledge This “You scratch my back, I'll scratch yours” principle was
permits individuals to engage in cooperative pursuits basedfirst formalized in modern evolutionary terms by Trivers as
on expected outcomes. Primates may be able, for example,reciprocal altruism”[45]. Since then it has been central to
to predict the amount of competition likely to follow the joint  the explanation of cooperation among unrelated individuals
acquisition of a resource. They may seek or avoid certain (for related individuals, see below).
partnerships for this reason. The present study is the first to  Trivers’ theory deals with how cooperation could have
use controlled methods to investigate ecological decisionscome into existence. As such, it knows no exceptions, that
about cooperation, paying attention to both the adaptivenesss, the theory applies to organisms from fish to humans.

and speed of the decision-making process. However, one should not take this to mean that mutual help
in human society is basically the same as that in fish. The
1.1. Evolution of cooperation above framework only deals with thétimate reasons for

reciprocal exchange. That is, it hypothesizes why animals

Behavior that serves the interests of others is treated as &£1929€ N such behr?wor, and :}vhat evolutlonary ber;](.aflts It
paradox by biologists since natural selection is supposed toprr?v'r?,es' It says TOt |fng about how copperaﬂonl is achieved,
favor organisms that promote their own interests. Why would Which is commonly referred to as tipeoximate explanation. -
animals be prepared to suffer costs in order to help others Even if mutual help evolved for identical ultimate reasons in
sometimes literally giving their lives so that others may live? a wide range of species, it can be achieved in a great variety

Should not such behavior have been weeded out in the coursé"c proximate Ways{?,]. o )
Stable cooperation among unrelated individuals requires

* Corresponding author. Tek:1-404-727-7898. that each party’s pay-offs exceed those available though in-
E-mail address: dewaal@emory.edu (F.B.M. de Waal). dividual action. The underlying cost/benefit calculation may
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have occurred either in the evolutionary past, in that nat- 1.2. Capuchin monkeys
ural selection has favored cooperative purs{i,23], or
during an individual's lifetime based on experience. Even  To date there has been far more naturalistic than exper-
though the learning of cooperation benefits is implied by imental research on cooperation in primates. The literature
many observational studies of mammals and birds, a con-offers fine-grained analyses of group hunting by wild chim-
clusive demonstration requires experimental manipulation. panzeeq1,2], “market” effects in the choice of alliance
One would need to show that animals estimate the outcomepartners by male babooif37], and reciprocity in the spon-
of future interactions in light of previous ones with the same taneous alliances of macaques and chimpandde$7,43]
partners. These estimates may cause them to favor certainin contrast, even though laboratory work on primate coop-
partners over others because of (a) the proven effectivenesgration goes back to the 193[03, few experimental studies
of these partners in cooperation, and (b) return benefits de-have been conducted. What is especially lacking is the exper-
rived from cooperation with them. The latter benefits may imental manipulation of “economic” variables, such as the
occur either right-away if the partner relinquishes or shares relation between effort, reward allocation, and reciprocity.
the pay-offs of the cooperation (tolerance), or—in case all Recently, this situation has changed thanks to experiments
benefits do go to the partner—after an interval. In the sec- on brown or tufted capuchin monkeySedbus apella).
ond case, the partner returns the received service or one of TheCebusgenus is particularly suited for cooperation re-
an equivalent value (reciprocation). The first case is known search. These monkeys show high levels of social tolerance
asmutualistic cooperation, the second aseciprocal altru- around food and other attractive items, sharing them with a
ism. In either case, one expects reiterated interactions to leadwide range of group membef$2,22,28,29,44]This level
to the development of stable partnerships characterized byof tolerance is unusual in nonhuman primaj2s], and its
trust, predictability, tolerance, and reciprocjtp]. evolution may well relate to cooperative hunting in the nat-
The same calculation does not necessarily apply to relatedural habitat. Perry and Ro$89] confirmed reports ifi35]
individuals since helping kin has its own benefits, i.e. in- and[20] that wild Cebus capucinus capture coati pupNa-
creased inclusive fitness for the help28]. When it comes sua narica) and share the meat. Since coati mothers defend
to kin, therefore, we assume animals to weigh the costs of their offspring, coordination among nest-raiders conceivably
cooperation against two potential benefits rather than one.could increase capture success. This was also suggested for
This biases partner choice in favor of kin as evident from, hunting by capuchins on squirrelSc{urus variegatoides)
e.g. the matrilineal alliance network among female cerco- [40]. Even if these situations probably do not reach the com-
pithecine primate$31,32] and fraternal alliances in chim-  plexity of cooperative hunting in chimpanzees, a convergent,
panzees, lions, and dolphii§,25,38] This is not to say hunting-related evolution of food sharing in capuchins and
that cooperation among nonkin is rare or absent: it is quite chimpanzees has been propo§¢d].
common[18]. For example, high-risk, high-stake collabora- Despite these and other indications of cooperation
tions among unrelated individuals have been observed dur-among wild capuchins, however, tests of their cooperative
ing power struggles in both captive and wild chimpanzees abilities in the laboratory initially failed due to opaque
[8,36]. cause-and-effect contingencies. These tests relied on elec-
Here we follow a previous definition of cooperation as tronic or other invisible devices, which capuchin monkeys
“... the voluntary acting together of two or more individ- fail to understand3,5,47] In contrast, a classical paradigm
uals that brings about, or could potentially bring about, an [7] has led to quick successes. In this paradigm two individ-
end situation that benefits one, both, or all of them in a uals need each other’s help to pull food towards themselves.
way that could not have been brought about individually” The set-up is entirely mechanical and intuitive; the mon-
[3]. This definition suits our focus on process rather than keys can see how their actions cause food to move towards
outcome and reflects our interest in proximate mechanisms.themselves and can feel the effect of their partner’s pulling.
It is also clear that this definition is geared more towards In a series of experiments, we demonstrated close coordina-
the mutualistic end of the spectrum of cooperation than the tion among subjectf34]. For example, the success rate in
reciprocity end. Mutualistic cooperation delivers pay-offs the pulling task dropped dramatically if monkeys were pre-
to all parties simultaneously, such as when several hyenasvented from monitoring each other’s actions, thus indicating
together bring down a wildebeest. Since in mutualistic co- their reliance on information about the other’s behavior.
operation parties work directly for their own share of the = Cooperation partners shared rewards through a mesh par-
reward, Dugatkin speaks of “no-cost cooperatiofi8{, tition, doing so more often after having needed each other’s
p. 32). But even though this kind of cooperation offers more assistance than in control tests in which they pulled alone
certain rewards than reciprocal altruism, in which there is a [16]. The conclusion from this and other work has been
time lag between cooperative acts and return benefits, mu-that capuchins cooperate on a reciprocal basis. The ob-
tualism is far from risk-free, because the sharing of pay-offs served reciprocity may result from the monkeys responding
among cooperation partners does not need to be equal. Muto their partner's general social attituffe4]. This mech-
tualism, too, is contingent upon the outcome of reiterated anism, dubbed “attitudinal” reciprocity, is considered sim-
interactions. pler than so-called “calculated” reciprocity, which relies on
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mental scorekeeping of given and received favors. The latteroptimal pay-offs. Each time a new situation arises, it would
mechanism has thus far been demonstrated in chimpanzeegeed to go through this learning process. Unless the cooper-

only [3,13]. ative tendencies of this individual selectively favor kin, they
would impose serious costs. On the other hand, a highly dis-
1.3. The present study criminating individual, who quickly generalizes knowledge

across a variety of conditions, would avoid wasting time
Group hunting is characterized by a phase of coordina- and effort on partners or situations unlikely to yield benefits.
tion followed by a phase in which the parties collect around This individual would take full advantage of its cooperative
the captured prey. The latter phase decides who gets whatendencies. The speed and nature of the decision-making
for their efforts. In our current experiment, we mimicked process are highly relevant, therefore, to the question of how
this situation by allowing individuals to move around freely cooperation may have evolved.
during the pulling task instead of being confined to sepa-
rate areas, as done previously. This way, cooperation part-
ners could compete over the acquired resource. We further2- Methods
manipulated (a) opportunities for competition by presenting
the resource in clumped versus dispersed distribution, and2.1. Subjects and housing
(b) the tendency for competition by comparing related and
unrelated pairs. Subjects were adulCebus apella from two different so-
Numerous primate studies indicate greater tolerance andcial groups housed in a shared facility at the Yerkes Regional
more co-feeding among kin than nonkj®,10,21,41,48] Primate Research Center, since 1991. When testing began,
In previous studies on our capuchins, we had been unableone group included two adult males, five adult females, one
to compare kin and nonkin pairs since our colony did not subadult, and six juveniles. The second group included two
yet include kinship relationships among adults. At present, adult males, five adult females, two subadults, and seven
however, daughters of females in the colony have grown up juveniles. The monkeys were housed in indoor—outdoor
so that five adult kin pairs are available for testing. pens, with one group having 25niotal surface and the
The objective of our study was two-fold. First, to analyze other 31 n. Outdoor sections were separated from indoor
decision-making regarding cooperation. Are decisions in sections by a wall, but two small doorways allowed the
accordance with models which predict that food distribu- monkeys to move between indoor and outdoor. Each in-
tion affects the intensity of competition and the “steepness” door section was further subdivided into two sections by a
of the social hierarchy[46]? Is cooperation favored if chain-link fence, with two small (monkey-size) doorways
hard-to-obtain foods are sharable? These questions can band one door accessible to people. The two social groups
addressed by manipulating the potential for competition were visually separated by an opaque screen, which did
after cooperation, which we accomplished by having mon- allow auditory contact. The floors in each indoor pen were
keys face a cooperation task with variable partners andcovered with wood chips. Monkey chow and water were
variable food distributions. As such, the project looks at the available ad libitum and trays of fruit, vegetables, bread and
ecological conditions favoring cooperation. protein juice were given to both groups in the late after-
Second, in investigating how cooperative tendency var- noon. No food deprivation occurred prior to testing, which
ied with the potential for competition we were interested in every day was completed before the afternoon meal.
the speed of the decision-making process. Do monkeys need We only used same-sex pairs in the cooperation tests, and
to learn incrementally which specific conditions are favor- always paired monkeys from the same social group, drawing
able for cooperation or do they make instantaneous adap-from both groups. All subjects used were fully adult (i.e.
tive decisions? In the first case, the pros and cons of eachover 5 years of age). Our criterion for inclusion (see below)
specific condition need to be learned through direct experi- resulted in 1 male—-male and 10 female—female pairs in the
ence, hence behavior will gradually change in response tostudy. Of the female pairs, half were related, in all five cases
any new condition. In the second case, there is a fast ad-a mother and adult daughter.
justment to new conditions since decisions are based on the
generalization of existing social knowledge. 2.2. Training
Both questions—the first regarding the role of food dis-
tribution and competition, the second regarding the speed Of the 13 adults in the study, 6 had previous experience
of adjustment—are relevant to models of the evolution of with the pulling apparatus described below. Yet, of the 11
cooperation. Imagine a genetic variant that cooperates readyairs in the study, only 3 had ever been used as pulling pair
ily with any member of its group to obtain resources, yet before. In previous studies, they had been placed in a small
is a slow learner. The variant would have enormous trou- test chamber, each partner confined to a position right behind
ble distinguishing profitable from unprofitable partnerships: one of the pull barfl6,34]. In the present study, on the other
it would need to go through many reiterated interactions hand, the two monkeys were free to move around in a much
before it understands which partners and situations providelarger cage, hence the need for them to learn to approach
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the tray when the cups were baited and select positions atTable 1
different bars before puIIing together. None of the pairs had Each pair of subjects was subjected to six separate test sessions, each
been in this particular situation before. test consisting of 15 trials

Training turned out to be extremely easy, with all pairs Test number Test type Trials

scoring at least one success on the task within the very first; Standard (S) 15 trials, all standard
three trials. This particular task apparently comes natural to 2 Standard (S) 15 trials, all standard
capuchin monkeys, as noted bef¢dd]. After running two 3 Clumped (C) 15 trials, all clumped
standard tests (see below) on 14 pairs of adults, we dropped* g'Spe_rSEd (D) 515 trials, f"f”3d'5_plers‘:d
three pairs with a success rate under 50%. The remaining otating eaggotz‘;seczs g'acs)o
11 pairs went on to the study. 6 Standard (S) 15 trials, all standard

. For each pair, tests were conducted in the below order, never more
2.3. Testing procedure than one test per day. Standard tests 1, 2 and 6 were combined in the

analysis since no differences between them were found.
Before testing, two individuals were separated from their
group using a trained capture procedure: subjects entered a

transport box and were kept apart u_ntil the re_st of th_e group \ are placed symmetrically on both sides of the tray, creat-
had been moved to the outdoor section of their housing area.ing three distinct reward distributions illustrated Fig. 1:

We then. placed both subjec_:ts in the front se_ction of their C, clumped (both cups together in the middle); S, standard
group's |_ndoor housing, which was 213 cm high for both (cups lined up with pull bars); and D, dispersed (cups at the
groups with a surface area of 270 er860 cm for one group, extremes of the 150 cm long tray). We ran six tests per pair
and 270 ek 290 cm for the_ other group. The test apparatus ¢ monkeys, all on different days. The testing order was the
consisted of a counter-weighted tray that hooked up t0 the g5 6 for each paiffable 1shows the testing order. Test 5

outside mesh of this indoor caggig. 1, [34] provides a was a rotating test with regularly alternating trials of types

different depiction). Two metal pull bars were attached to the S, D, and C, such that, e.g. C-trials were number 3, 6, 9, 12
tray and protruded approximately 10 cm through the mesh arlld '15_ ’ T T

into the cage. The bars were 75cm apart. The tray, which
supported six small transparent food cups, was in full view

of the monlfeys. i i . holding on to the pull bars. Individual strength was period-
After testing, pairs were returned to their group. To avoid ically tested to determine the maximum weight each indi-

undue stress, we did not sepa}rate dependept young frorT\/idual could pull by placing them alone in the test chamber
mothers when mothers were being tested. No individual was 54 letting them perform one or two pulls for high reward

tested more than once per day. Each videotaped test CONiy see the maximum weight they could pull. During pair

sisted of 15 2-min trials at the beginning of which two small oqtq the tray was counter-weighted such that the strength

a;]pple sllcesk.werfe pflacedl_ln two of tTe tr:anspager_n c(;ups ONof both was necessary. Following a successful pull and food
the tray making for four slices in total. The two baited cups collection, the tray was released back into distant position

by remote and remained in place until the next food drop.

If the monkeys pulled hard enough, the tray would lock
into position, permitting them to empty the cups without

2.4. Data collection, analysis, and predictions

Data were coded from videotapes, which included a time
IND. A IND. B statement. Our main measures were success rate (i.e. trials
in which the subjects pulled in the tray to the point that
food collection took place) and food allocation (i.e. number
of apple slices appropriated by each subject out of the four
slices available per trial). The only behavioral measure open
to judgment was bar pulling (both successful and unsuccess-
| O m O I ful) by either or both individuals on an all-occurrence basis
over the entire 2-min period of each trial. In order for an ac-
D s cc ] D . o . . ;
tion to be classified as a pull, it required exertion of force on
Fig. 1. Adult monkeys A and B were separated from their group in a the bartoward the subject, i.e. mere bar touches or pushing
large indoor mesh cage. Outside the cage was placed a tray on a trackof the bar did not count as pulls. Interobserver agreement
The mor_lkeys_ had bars to puII the tray towards thgm_selves, but cpuld on this item was 92.4% with a Kappa coefficient of 0.675
accomplish this onl_y by working toget_her. At the beginning of each trial, [34]. All analyses respected individual variation, consider-
two small apple slices were placed in two of the transparent bowls on ! . oo : ! .
the tray: in both S bowls for standard, in both D bowls for dispersed, INg the behavior of individual subjects under various condi-
and in both C bowls for clumped reward distribution. tions. Statistical comparisons were within-subject or pair.
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Competition was expected most under the clumped con-  100%
dition (C). The critical comparison condition for C was not
the standard (S) but the dispersed condition (D), because in
both the C and D conditions the baited cups were welltothe g, | Standard
side of the pulling individuals, outside arm’s reach, thus re-
quiring them to lock the tray into place before releasing the 1 \
pull bar and collecting the rewards. Standard trials seemed .

. . - o 60% 7 — Dispersed

easier given that the monkeys could pull and reach into the @
cup at the same time, hence had no need to pull hard enoughs
to lock the tray into place. Given these two aspects—the po-
tential for competition and the cup locations—the predicted
order of difficulty of the task, from least to most difficult,
was from standard, then dispersed, to clumped.

40%

Percent su

20% 1

Cl d
3. Results umpe

O,

Videotaped tests were first analyzed on percent success ° 1 23456 7 8 9 1011 12 13 14 15
defined as the proportion of trials in which a completed pull
occurred, i.e. in which the tray was pulled close enough to
permit at least one subject to obtain at least one of the four F?g. 2. Percentage_qf trial_s with successful cooperaFion for 15 consecutive
apple slices. Remember that without substantial tray move-tr!als per test cqndmon. Since the data on all 11 pairs are pooled for each

. . trial number, this graph shows no error data.
ment rewards would remain out of reach. Since tests of the
S-type (tests 1, 2, and 6) showed no significant differences,
a single S-score combined the results from all ttBaests.

A first ANOVA on success under the three conditions
(S, D, andC-tests), found significantly different outcomes:
F220=16.2, P < 0.001 Fig. 1). As expected, the monkeys
performed best oS-tests, but remember that the most criti- - fiye_trial block) with social relationship (kin or nonkin)

cal comparison concerned the C and D conditidso(ion 55 5 petween-subjects factor. The outcome was a signif-
2). Therefore, from here on statistical tests will focus on this ;5nt effect of condition Fio = 971, P = 0.012), trial

two-way comparison. _ .. block (FLo = 1338, P = 0.005), and social relationship
The next question was if the effects of food distribution (FLo = 13.2, P = 0.005) as well as the interaction between

were gradual or immediate. First, the drop from D to C con- o three factors Fro = 7.11, P = 0.026). Cooperative

ditions proved demonstrable in the very first five trials of ¢ ,.cess dropped under the clumped condition, especially

both test types (paired = 1.90, P = 0.043, one-tailed).  j; honkin pairs: kin succeeded 5.1 times more often than
Fig. 2shows pooled results for all 11 pairs combined in each ,onkin under this conditionFig. 3.

of 15 consecutive trials per test. It shows a gradual drop in
performance over the duration of all three test conditions
(Spearman correlation with trial numbeéf,= 15, for Stest, 100%

Trial number

all of the above variables, our main statistical compar-
ison of the clumped versus dispersed condition was a
repeated-measures within-subjects ANOVA with two fac-
tors (condition: C or D; trial block: first, second, or third

p = —054, P < 0.05; D-test, p = —0.93, P < 0.01; gﬁ;gf‘;: ;
C-test,p = —0.86, P < 0.01). Performance in correspond- 80% 1 Glumped

ing trials was the lowest under the C condition, an effect that
was visible in the very first trial and maintained throughout
the test.

Second, the rotating test (test 5), in which C-trials were
interspersed with the other two types of trials, showed es-
sentially the same results as tests of a single condition, with
lower success in C than D trials (paired= 1.94, P =
0.041, one-tailed). Thus, the negative impact of clumping on
cooperative performance was instantaneous and undisturbed 0% -
by alternation with other conditions. KIN NONKIN

When data were split according to whether a pair con-

60% 7

40% 7

Mean percent success

20%

: - Fig. 3. Percentage of trials with successful cooperation under each of
[ f either a mother an hter or two unrel 9 g P
sisted of either a mother and dauQ ter or wo unrelated three conditions (standard, dispersed, and clumped) divided for related

adUItS’_ we found kmShlp to matter na manner COUSIS' and unrelated pairs. The graph provides mean sucgeS$£E(M.) per pair:
tent with the pay-off calculation hypothesis. Controlling x — 5 for kin and N = 6 for nonkin.



226 F.B.M. de Waal, J.M. Davis/ Neuropsychologia 41 (2003) 221228

3 - Related pairs showed a nonsignificant trend in the opposite
Il Dominant . . " - )
Subordinale direction under all conditions, i.e. more pulling by the sub-
§ ordinate than the dominant.

4. Discussion

This study demonstrates that capuchin monkeys in an ex-
perimental task decide to cooperate based on their chances at
obtaining rewards. At the start of testing, the monkeys were
familiar with the test apparatus and their partners, but not
with two out of three conditions presented. Differential co-
operative tendencies under varying food distributions were
visible in tests in which all trials were of the same condition
Fig. 4. Mean+ SE.M. number of apple slices (out of a total of four ~as well as in tests in which different conditions alternated.
provided) obtained per trial by dominant vs. subordinate cooperation  As expected, the monkeys cooperated best under the stan-
partners under three conditions (standard, dispersed, and clumped). Thisgard condition. This condition different from the other two
graph concerns unrelated pairs only. in that each subject could directly reach into their cup from

the pulling position. Since there was no need to pull hard

Comparing rewards collected by the subordinate and dom-enough to lock the tray into position, this condition required
inant partner irC-tests, kin failed to show a dominance bias less effort than the other two. It is for this reason that the
(r = 0.03, df. = 4, NS), whereas nonkin did show such a most critical comparison concerns the other two conditions
bias ¢ = 2.67, df. = 3, P = 0.038). The division of apple  in which the rewarded cups were equally displaced from
pieces in clumped tests was approximately equal in relatedthe pull bar, meaning that the monkeys needed to first lock
pairs (i.e. a mean of 49.4% of pieces for the subordinate), the tray into place before collecting any rewards (once re-
yet biased in unrelated pairs (i.e. a mean of 20.8% for the leased by the monkeys, the tray would otherwise be pulled
subordinate). This bias existed in clumped tests dfily.4). back immediately by the counterweight). Since the monkeys

Finally, we investigated the rate with which parties pulled were trained on the standard condition and since standard
on the bars. This was done to test the expectation that thetests were part of the testing schedule, results from these
drop in success under the clumped condition was due totests are presented for completeness sake. Our main anal-
the subordinate, i.e. the individual who stood most to lose. ysis, however, focused on clumped versus dispersed food
Fig. 5a and hllustrates that number of pulls per trial deviated distributions.
most from the standard rate for subordinate nonkin under The analysis showed that under all conditions success de-
the C condition. Only under this condition did nonkin sub- creased over the course of the 15 trials per test, probably due
ordinates pull significantly less frequently than their domi- to dropping food motivation. Success rate was the lowest un-
nant partnerst(= 2.05, df. = 5, P = 0.048, one-tailed). der the clumped condition, particularly if the partners were

Mean number of apple slices

Standard Dispersed Clumped

Il Dominant
1 Subordinate

Mean pulls per trial

Standard Dispersed  Clumped Standard  Dispersed  Clumped

KIN NONKIN

Fig. 5. Mean+ SEE.M. number of pulls and pulling attempts per trial made by dominant vs. subordinate partners under three conditions (standard,
dispersed, and clumped). On the left side for related, on the right side for unrelated pairs.
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another required direct experience with the presented test
conditions. The distinction between food distributions was
visible from the very first trial onwards. Even more convinc-
ingly, the monkeys singled out the clumped trials for less co-
operation in tests in which these trials alternated with other
conditions. Thus, rewarded trials did not throw them off deci-
sions about trials representing a more challenging condition.
As argued in the Introduction, speed of decision-making is
a critical aspect of adaptive cooperative behavior.

The decisions observed were probably based on a life-
time of exposure to dominant versus subordinate partners,
and kin versus nonkin, under competitive food conditions.
The monkeys thus showed an ability to flexibly generalize

if
partner

Ready Dominant Kin Clumped Cooperate . ", .

for trial Dominant Nonkin  Clumped  Dom't cooperate previous knowledge to th_g novel COI’]dItI.OI’]S of our experi-
Dominant Nonkin  Dispersed  Cooperate ment. Likely, the same ability to reach quick decisions about
Subordinate ... ... Cooperate profitable cooperation underlies the capuchin’s natural in-

Fig. 6. If-then decision tree for the conditions presented in this experiment teractions ‘?‘rO‘_’r!d food sources that are_ more easily va'“!lred
in which the partner decides to cooperate, or not, based on its dominanceby Several individuals than by one, as in the group hunting
rank visa-vis the partner, the tolerance to be expected in relation to documented in the field (s&ection ).
food (kin vs. nonkin), and the ease with which food can be monopolized It is particulaﬂy important to stress the genera|izabi|ity
(c_iispersed_ VS. clum.ped). Below the trge are presented fogr out of the of knowledge and the complexity of the variables that enter
eight possm_le decision paths, a!l of which Iead_to cooperation except if into social decision-making given that social considerations
the partner is an unrelated dominant and food is clumped. . o .
are almost entirely absent from traditional learning research.
For example, there is no mention of cooperation or almost

unrelated. All of these effects (food distribution, trial num- any other socio-emotional skills (e.g. conflict resolution, al-
ber, and kinship) were found to be significant. This means liance formation, empathy) in a recent 700-page book on
that the monkeys based decisions about cooperation on anhuman and animal cognitidd2]. Many biologists, in con-
ticipated pay-offs, taking into account both the possibility trast, believe that the social milieu has provided the main
and likelihood of competition with their partner. In tolerant impetus for the evolution of intelligence in the large-brained
relationships, as found among kin, monopolization opportu- order of primate$19,27]. Thus, “planning” and “foresight”
nities were largely ignored, but not in the more competitive are terms used in relation to chimpanzee power struggles
relationships among nonkin. [8], and social intelligence is accorded special stg4y2A].

Further support for this interpretation came from data on The assumption that primates are born politicians, extraor-
reward allocation and pulling rates. These data showed thatdinarily sensitive to the reactive social field within which
food allocation was imbalanced under the clumped condition they operate, is supported by the present study.
but only for unrelated pairs. This was caused by the ability
and tendency of unrelated dominants to claim the majority
of apple slices. The observed pulling rates confirm that it Acknowledgements
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