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Despite their importance for group-living animals, mechanisms that prevent aggressive escalation have
seldom been investigated. Conflict prevention might imply the ability to foresee future needs and the
question whether animals have this capacity is still open to debate. A few studies have suggested that
animals may be able to use anticipatory strategies of conflict management to decrease stress levels and
prevent social tension caused by food competition. None the less, the effectiveness of these supposedly
preventive strategies has rarely been investigated, and their cognitive requirements are still unclear. We
explored these issues by observing a group of captive capuchin monkeys, Cebus apella, subject to fixed
scheduled feeding. We collected data on affiliative and aggressive interactions during three conditions:
prefeeding, feeding and control. We found that grooming increased before a predictable competitive
situation such as scheduled feeding, and that grooming reduced the risk of aggressive escalation and
increased co-feeding during the subsequent feeding period. Therefore, prefeeding grooming served as
a conflict prevention mechanism. Nevertheless, capuchin monkeys did not specifically select their pre-
feeding grooming partners on the basis of the expected benefits in the future competitive situation,
suggesting that they were not planning their future behaviour, but were probably responding to the
current tense situation.
! 2010 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.

Animals living in stable groups use a variety of behavioural
mechanisms to mitigate tension and prevent the escalation of
aggression. The occurrence of ritualized fighting is one example; its
role in diminishing the risk of injury was originally noted by Lorenz
(e.g. 1964) in canids and later confirmed in several other species,
including birds (e.g. Braestrup 1966) and fish. In particular, during
the highly ritualized fighting of cichlids (genus Aequidens) the
gradual escalation allows the contestants to withdraw if not willing
to sustain a fight, thereby preventing the risk of severe injuries
(Oehlert 1958; Ohm 1958). According to Lorenz (1964) submissive
behaviours can be explained as formalized or ritualized nonag-
gression, where all possible intentional movements of aggression
or of active defence are avoided. Greeting gestures, appeasement
behaviours and submissive displays are also used by primates to
signal subordinate status and to preclude overt aggression (Noe
et al. 1980; de Waal & Luttrell 1985; Preuschoft & van Schaik
2000; Whitham & Maestripieri 2003), and individuals seem to
groom their conspecifics more during tense situations (de Waal
1984; Schino et al. 1988).

Although mechanisms of conflict prevention appear to be the
most efficient way to deal with conflicts of interest, since they
prevent aggressive escalation rather than repair the damage
afterwards, the majority of studies on conflict management have
focused on postconflict behaviour. Reconciliation, an affiliative
contact between former opponents soon after a fight, has been
observed in many primates (reviewed in Arnold & Aureli 2007) and
several nonprimate species, (hyaenas, Crocuta crocuta: Wahaj et al.
2001; bottlenose dolphins, Tursiops truncatus: Weaver 2003;
domestic goats, Capra hircus: Schino 1998; dogs, Canis familiaris:
Cools et al. 2008; wolves, Canis lupus: Cordoni & Palagi 2008),
suggesting that any species showing individual recognition and
good memory of previous social interactions is potentially able to
engage in conciliatory contacts (de Waal & Yoshihara 1983). In
contrast, little attention has been paid to anticipatory aspects of
conflict management (Aureli & de Waal 2000; Aureli et al. 2002)
and evidence of these mechanisms has been explored in only a few
primate species (de Waal 1992; Mayagoitia et al. 1993; Koyama &
Dunbar 1996; Palagi et al. 2006). One reason for this neglect may
be that conflict prevention mechanisms are more difficult to
investigate than postconflict mechanisms as they need to be
studied by determining the nonoccurrence of conflict, rather than
the consequences of the conflict itself. One option for investigating
this issue is to focus on conditions known to increase the risk of
conflict and assess whether animals modify their behaviour in
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away that suggests an attempt to prevent or otherwise manage the
conflict. de Waal (1989) proposed a ‘coping model’ suggesting that
primates living under potentially conflict-provoking conditions
would increase the rate at which they engage in conflict-reducing
responses to minimize aggressive escalation.

Several studies conducted to assess coping responses under
conditions of high population density have shown that primates
use a variety of behavioural strategies to manage conflict depend-
ing on the duration of the period of crowding (Judge 2000). For
example, during short-term crowding, primates respond by
decreasing their social activity (Judge & de Waal 1993; Aureli et al.
1995; Aureli & de Waal 1997; van Wolkenten et al. 2006), sug-
gesting the use of some form of conflict avoidance (Judge & deWaal
1993) or inhibition strategy (Aureli & de Waal 1997). In contrast,
during long-term crowding primates groom other group members
at higher rates, suggesting that increased affiliation functions as
a means of active coping with potential conflict (Nieuwenhuijsen &
de Waal 1982; Judge & de Waal 1997). Research on nonprimate
species has focused mainly on the physiological response to
crowding (e.g. Gamallo et al. 1986; Dickens et al. 2006; McCormick
2006; Sutherland et al. 2006; Reiss et al. 2007). For example, in
breeding pairs of a damselfish, Pomacentrus amboinensis, additional
females resulted in higher rates of aggression and raised cortisol
levels in the mothers’ ovaries, leading to reduced larval size
(McCormick 2006). Crowding can thus have negative consequences
for the behavioural and physiological status of animals (Calhoun
1962).

Besides crowding, another potentially tense situation is that
occurring during fixed-time food distribution. The opportunity to
anticipate scheduled feeding in provisioned groups may elicit
attempts to manage the conflict beforehand. Several studies have
provided evidence for primates increasing affiliative behaviours,
such as grooming, play or sociosexual interactions, before feeding
time (e.g. de Waal 1992; Mayagoitia et al. 1993; Koyama & Dunbar
1996). For example, in captive bonobos, Pan paniscus, rates of play
were significantly higher before than after the distribution of food
(Palagi et al. 2006). Various authors have also suggested that
nonhuman primates, especially great apes, use anticipatory strat-
egies of conflict management to decrease stress levels and prevent
social tension linked to food competition (Koyama 2000). Never-
theless, none of the previous studies (but see de Waal 1992) has
actually addressed the question of whether those supposedly
preventive strategies were indeed successful in decreasing stress
and aggression during the following feeding provision.

Results of conflict prevention studies are also more difficult to
interpret than studies of postconflict mechanisms. Indeed, the
anticipation of future competition may produce a tense situation
itself. It is therefore difficult to understand whether mechanisms of
conflict management are elicited as a response to cope with the
future competition caused by feeding, or with the current tense
situation. No previous study on conflict prevention has considered
this fundamental distinction, despite the fact that the cognitive
abilities involved under these two scenarios are critically different.
The motivation in using conflict management mechanisms to
prevent a forthcoming predictable competition (i.e. ‘I act now to
reduce the risk at a later stage’) relies on the animals’ ability to plan
their behaviour according to a future need (Suddendorf & Corballis
2008). In contrast, if animals are merely trying to reduce the
current tension generated by the anticipation of the forthcoming
competition (i.e. ‘I act now to reduce the current tension’), conflict
management mechanisms could occur without the need for
complex planning abilities. A similar distinction has been proposed
when interpreting the results of studies that have addressed animal
planning abilities directly. Suddendorf & Corballis (2008) empha-
sized the need to distinguish between the satisfaction of present

and future motivational states as the factor driving animal perfor-
mance during ‘planning’ experiments.

Our aim was to fill the gaps identified above in our under-
standing of conflict prevention by examining the behaviour shown
by tufted capuchin monkeys, Cebus apella, before a predictable
situation of feeding competition. After finding that capuchin
monkeys increased their rate of grooming before feeding time, we
examined whether such an increase was associated with increased
tolerance at feeding time, that is, whether conflict prevention
mechanisms were indeed effective. We also examined whether
prefeeding grooming was directed towards specific partners to
cope strategically with the subsequent competition. We did so to
distinguish attempts to manage future competition (which are
likely to involve planning abilities) from responses to the current
tension generated by the anticipation of competition (which may
simply imply short-term tension reduction).

To understand the relation between prefeeding grooming and
the increase in subsequent tolerance, we had to take into account
the multiple social functions of grooming. If monkeys directed
prefeeding grooming towards higher-ranking individuals to obtain
tolerance during feeding (deWaal 1997; Barrett et al. 2002), thenwe
expected grooming to be followed by a reduction in aggression
suffered by subordinates, as well as by an increase in co-feeding
(Prediction 1). If monkeys directed prefeeding grooming towards
lower-ranking individuals as a signal of benign intent (sensu Cheney
et al. 1995), then we expected it to be followed by a decrease in
aggression given by dominants as well as by an increase in co-
feeding (Prediction 2). Predictions 1 and 2 thus focus on whether
prefeeding grooming functions as a preconflict management
mechanism, either by subordinates obtaining the dominants’
tolerance or bydominants signalling theirwillingness to be tolerant.

In an attempt to evaluate the mental processes underlying
capuchin monkeys’ preconflict management mechanisms, we
tested whether capuchin monkeys directed prefeeding grooming
towards specific partners so as to minimize the tension and
competition during subsequent feeding sessions. If subordinates
strategically planned the distribution of their grooming to obtain
tolerance during feeding, we predicted their prefeeding grooming
would be selectively directed towards those individuals that pose
the highest risk, that is, those individuals that usually attacked
them most during feeding and those highest in the dominance
hierarchy (Prediction 3). If dominants strategically planned
grooming others to signal their benign intent during feeding, we
expected their prefeeding grooming to be selectively directed
towards those individuals that were more frequently attacked by
dominants during feeding, or towards those most subordinate, that
is, towards those individuals that are most in need of reassurance
(Prediction 4). In contrast, if grooming was a response to the
current tension, then dominant and subordinate monkeys were
expected to distribute grooming similarly in prefeeding and non-
feeding contexts (Prediction 5).

METHODS

Subjects and Housing

The study group consisted of 12 capuchin monkeys (two adult
males, six adult females, two subadult males and two juveniles).
With the exception of the alphamale, which had nomaternal kin in
the group, all other group members belonged to one of two
matrilines.

The group was housed in an indooreoutdoor enclosure (indoor:
26 m2; outdoor: 139 m2) at the ISTC-CNR, Unit of Cognitive
Primatology, Rome, Italy. During the observations, themonkeys had
access only to the outdoor enclosure, which was furnished with
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ropes, climbing frames, slides and wood chips. Monkeys were fed
once a day with fresh fruits, vegetables and monkey chow. Three
times a week monkeys also received a mixture of vitamins, eggs,
oats and sugar. Water was available ad libitum.

Data Collection

The group was observed from July to December 2007 for a total
of 118.7 h. We carried out 30 min observation sessions during three
conditions: (1) Prefeeding (N ¼ 86 observation sessions): before
feeding provision, from 1500 to 1530 hours; (2) Feeding (N ¼ 63):
beginning right after the distribution of the daily ration of food,
from 1530 to 1600 hours; (3) Control (N ¼ 52): between 1430 and
1600 hours, only during weekends and holidays (see below).

Animals were fed at 1530 hours during the week and between
0900 and 1100 hours during weekends and holidays. Feeding was
highly predictable as prefeeding routines were accompanied by
reliable cues (e.g. animal keepers making noises while moving fruit
boxes or opening and closing the refrigerator in the adjacent
kitchen). Such cues allowed the monkeys to predict the impending
feeding. By conducting Control observations at roughly the same
time as Prefeeding observations but in the absence of prefeeding
cues we were able to control for the circadian variability of behav-
iour (Palumbo 2006) which could introduce confounding effects.

During Prefeeding and Control observations, all occurrences of
allogrooming, aggression and food calls were recorded. Allog-
rooming (hereafter ‘grooming’) was defined as a careful picking
and/or slow brushing across another individual’s fur. The identity of
individuals involved in grooming bouts was recorded along with
the direction of grooming. A new grooming bout was recorded
whenever grooming resumed after an interruption of at least 10 s.
Aggressive behaviours included threats (bared teeth stare, head
bob, piloerection and forward thrust), chases and physical assaults
(bite and grab; Verbeek & de Waal 1997). When an aggressive
interaction occurred, the identities and roles (aggressor or victim)
of every individual involved were recorded. Food calls were iden-
tified following Di Bitetti (2001), but it was generally impossible to
identify the caller reliably. We noted, however, whether one or
more individuals had called. Play interactions (including rough and
tumble, play wrestling and chasing/being chased by one or more
individuals) were noted using instantaneous sampling every 2 min,
recording the identity of the individuals involved. During Feeding
sessions, the identities of individuals feeding in close proximity
(within 1 m) to each other were noted instantaneously every 2 min.
All occurrences of aggressive interactions were also noted.

Data Analysis

The dominance hierarchy of the groupwas obtained on the basis
of all dyadic aggressive interactions with a clear outcome (defined
as those interactions in which the initial victim did not respond
with counteraggression). A squared sociometric matrix of aggres-
sive interactions was created by arranging individuals so as to
minimize reversals (i.e. records below the diagonal) and thus fit
a linear hierarchy.

Aggression, grooming and food calls were measured as hourly
rates (i.e. number of episodes per hour of observation),whereas play
and co-feeding weremeasured as proportion of scans spent playing
or co-feeding. Mean individual rates of aggressive behaviour in the
three conditions (Prefeeding, Feeding and Control) were compared
using a one-way ANOVA for repeated measures with subsequent
post hoc analyses. Differences inmean individual grooming andplay
scores between Prefeeding and Control conditions were evaluated
bymeans of paired t tests. Given that itwas impossible to identify all
individuals calling reliably, we were not able to conduct a paired t

test between conditions and had to rely on a t test for independent
samples to compare the rate of food calls per observation session in
Prefeeding and Control conditions. To evaluate the possibility that
anydifference resulted fromthebehaviourof a single individual that
called excessively, we also repeated the analysis excluding those
cases in which a single individual had called.

The effect of prefeeding grooming on behaviour during feeding
time was analysed by means of within-dyad (actorereceiver
grooming dyad) linear regressions including in the analysis only
those Prefeeding sessions that were followed by Feeding sessions
on the same day (N ¼ 62). The actor and receiver identities were
included as fixed effects in the regression models so as to control
for between-subject variation (Cornelissen 2008). Dependent
variables entered were the dyadic scores of aggression and co-
feeding recorded across the 62 Feeding sessions, whereas the
independent variable was the occurrence of grooming in the cor-
responding Prefeeding session. Prefeeding grooming was entered
as a binary (yes/no) variable, but repeating the analyses using
grooming rates did not change the results. Given that Predictions 1
and 2 applied to different sets of dyads depending on the relative
dominance rank of the partners, each actorereceiver grooming
dyad was included in one of two sets based on the direction of
prefeeding grooming (i.e. from subordinate to dominant dyads,
hereafter subordinateedominant dyads, and from dominant to
subordinate dyads, hereafter dominantesubordinate dyads), and
analyses were carried out separately for the two sets.

Within-subject linear regressions were used (separately for the
two dyad sets) to test whether prefeeding groomingwas selectively
increased towards specific partners. For each actorereceiver
grooming dyad we calculated the mean rate of grooming in the
Prefeeding and Control sessions, and entered the dyadic difference
between Prefeeding and Control values as the dependent variable,
so as to control for baseline grooming levels. Independent variables
were the rate of aggression received during Feeding sessions (only
for subordinateedominant dyads), the rate of aggression given
during Feeding sessions (only for dominantesubordinate dyads),
kinship (the coefficient of relatedness thorough the maternal line)
and the rank of the recipient. Within-subject linear regression was
also used to evaluate the similarity in the distribution of grooming
in Prefeeding and Control sessions.

All analyses were two tailed and the alpha value was set at 0.05.
They were run in SPSS 13.0 (SPSS Inc., Chicago, IL, U.S.A.), except for
within-subject and within-dyad linear regressions which were run
using STATA 9.2 (StataCorp LP, College Station, TX, U.S.A.).

RESULTS

Aggressive interactions occurred with significantly different
frequencies in the three conditions (F2,32 ¼ 9.854, P < 0.001; Fig. 1).
Tukey’s post hoc tests revealed that aggressive interactions were
more frequent in Feeding than in Prefeeding (P ¼ 0.001) andControl
(P ¼ 0.002), whereas the latter two conditions did not differ
(P ¼ 0.956). These results confirmed Feeding as a competitive
situation.

The rate of food calls produced during Prefeeding (mean
" SE ¼ 0.20 " 0.04) was significantly higher than during Control
(0.07 " 0.03; t132 ¼ 5.043, P < 0.0001). When the analysis was
repeated excluding those cases in which a single individual had
called the results did not change (t132 ¼ 8.389, P < 0.001). Although
not entirely satisfactory because of the lack of control of the iden-
tities of the individuals calling, these results suggest that monkeys
were aware of the forthcoming distribution of food and were able
to distinguish between the two conditions, Prefeeding and Control.

As shown in Fig. 2, grooming rates during Prefeeding were
significantly higher than during Control (t11 ¼ 3.098, P ¼ 0.01).
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However, capuchin monkeys spent less time playing during Pre-
feeding (mean " SE ¼ 0.01 " 0.004) than during Control
(0.033 " 0.011; t11 ¼ 4.324, P ¼ 0.001).

Prefeeding Grooming and Behaviour during Feeding

Subordinates did not receive less aggression when they had
groomed dominants during the previous Prefeeding session (with
previous grooming: 0.24 " 0.10; without previous grooming:
0.24 " 0.12; b ¼ 0.021, t4070 ¼ 0.62, P ¼ 0.535), but when the anal-
ysis was restricted to femaleefemale dyads, it almost reached
statistical significance (b ¼ #0.101, t1722 ¼ #1.90, P ¼ 0.058).
Subordinates spent more time eating in close proximity to domi-
nantswhen they had groomed these dominants during the previous
Prefeeding session (b ¼ 0.06, t4070 ¼ 5.81, P < 0.001; Fig. 3). The
same result was obtained when the analysis was restricted to
femaleefemale dyads (b ¼ 0.027, t1722 ¼ 2.0, P ¼ 0.046). Thus, pre-
feeding grooming was followed by an increase in tolerance during
the subsequent Feeding session supporting Prediction 1.

Dominants directed less aggression towards subordinates when
the former had groomed the latter during the previous Prefeeding
session than when they had not (b ¼ #0.101, t4070 ¼ #2.44,
P ¼ 0.016; Fig. 4a). Dominants spent more time eating in close
proximity with subordinates when they (the dominants) had
groomed subordinates during the previous Prefeeding session than
when they had not (b ¼ 0.064, t4070 ¼ 5.25, P < 0.001; Fig. 4b).
Prefeeding grooming by dominants seems thus to signal their

benign attitude in the following Feeding session supporting
Prediction 2.

Selection of Grooming Partners

Low-ranking individuals did not selectively direct their increase
in prefeeding grooming towards those dominants that attacked
them more frequently during Feeding (b ¼ #0.141, t52 ¼ #1.18,
P ¼ 0.242) or towards those highest in rank (b ¼ 0.005, t52 ¼ 0.80,
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Figure 1. Mean þ SE hourly rate of aggression given during Prefeeding, Feeding and
Control conditions.
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Figure 2. Mean þ SE hourly rate of grooming given during Prefeeding and Control
conditions.
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Figure 3. Mean þ SE proportion of time spent co-feeding with dominant individuals,
when subordinates had or had not groomed them during the previous Prefeeding
session.
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Figure 4. (a) Mean þ SE hourly rate of aggression given by dominants when they had
or had not groomed subordinates during the previous Prefeeding session. (b) Mean þ SE
rates of co-feeding with subordinates when dominants had or had not groomed
subordinates during the previous Prefeeding session.
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P ¼ 0.429). To check whether subordinates were in fact unable to
direct grooming to dangerous or higher-ranking individuals simply
because they did not dare approach them, we reran the analyses
excluding those dyads that were never observed grooming. The
results did not change (b ¼ #0.18, t40 ¼ #0.98, P ¼ 0.335; b ¼ 0.01,
t40 ¼ 0.90, P ¼ 0.373, respectively). Note also that subordinate
individuals had ample opportunity to assess the relative danger
posed by higher-ranking individuals in the feeding context, since
the within-group distribution of aggression rates during Feeding
was highly correlated with that during Control (b ¼ 3.48, t79 ¼ 8.70,
P < 0.0001). Thus, contrary to Prediction 3, subordinates did not
groom preferentially the most dangerous individuals during
Prefeeding.

Similarly, grooming by high-ranking individuals did not increase
selectively towards the subordinates that were more frequently
attacked during Feeding (b ¼ #0.048, t52 ¼ #0.30, P ¼ 0.766) or
towards those lowest in rank (b ¼ 0.006, t52 ¼ 1.01, P ¼ 0.316).
Again, excluding dyads that never groomed (i.e. where subordi-
nates might have been too afraid to allow the dominants to
approach) did not change the results (b ¼ #0.263, t38 ¼ #0.97,
P ¼ 0.341; b ¼ 0.013, t38 ¼ 1.08, P ¼ 0.291, respectively). Thus,
contrary to Prediction 4, dominants did not groom preferentially
the individuals most in need of being reassured during Prefeeding.

Kinship had no effect on the increase in Prefeeding grooming
either in subordinateedominant (b ¼ 0.002, t52 ¼ 0.08, P ¼ 0.939)
or in dominantesubordinate dyads (b ¼ 0.003, t52 ¼ 0.10,
P ¼ 0.919).

Supporting Prediction 5, the within-group distributions of
grooming did not differ between Prefeeding and Control for both
subordinateedominant dyads (b ¼ 1.711, t54 ¼ 9.30, P < 0.001) and
dominantesubordinate dyads (b ¼0.693, t54 ¼ 5.69, P < 0.001).

DISCUSSION

The results of the present study suggest that in capuchin
monkeys grooming before a highly predictable competitive situa-
tion, such as scheduled daily feeding, may function as a mechanism
to prevent conflicts. Capuchinmonkeys appeared to be aware of the
forthcoming feeding, as they produced food calls significantly more
during Prefeeding than in the Control condition, and the higher
aggression rates experienced during the subsequent food distri-
bution indicate that Feeding was a competitive situation. Although
we were not able to measure levels of arousal in our group directly
and despite scheduled feeding potentially being less stressful than
unpredictable feeding (Waitt & Buchanan-Smith 2001), the antici-
pation of feeding events is usually characterized by intense levels of
stress-related behaviours not only in primates (reviewed in Bassett
& Buchanan-Smith 2007) but also in many other species such as
fish, rodents, and other mammals (reviewed in Mistlberger 1994).
Capuchin monkeys responded to the forthcoming tense situation
caused by the likely occurrence of food-related conflicts by
increasing their grooming. A similar increase in grooming before
scheduled feeding was found in stumptailed macaques, Macaca
arctoides (Mayagoitia et al. 1993) and chimpanzees, Pan troglodytes
(Koyama & Dunbar 1996), but not in bonobos which instead
increased their rates of play (Palagi et al. 2006). In contrast to
bonobos, capuchin monkeys reduced their rate of play before
feeding.

Our results provide the first evidence that prefeeding grooming
functions in reducing subsequent competition. Supporting Predic-
tion 1, subordinate capuchin monkeys were more likely to co-feed
with dominants after having groomed them (and females tended to
receive less aggression). Our study provides evidence that, like
grunt vocalizations in baboons, Papio hamadryas ursinus (Cheney
et al. 1995; Cheney & Seyfarth 1997; Silk et al. 1996), grooming

during uncertain situations may signal a benign attitude towards
other individuals. Accordingly and supporting Prediction 2, domi-
nants directed less aggression towards subordinates and had
higher co-feeding with them when they had groomed such
subordinates in the previous prefeeding session. Therefore, these
findings overall validate the role of grooming in increasing toler-
ance during tense situations.

Koyama & Dunbar (1996) suggested that the ability of apes to
adopt specific strategies to dissipate tension and reduce the
intensity of conflict is related to their ability to anticipate events
and plan behaviour accordingly. However, they did not rule out the
possibility that individuals respond to the immediate tension that is
generated by the anticipation itself, rather than plan their behav-
iour in relation to predictable future competition. Our study
addressed this issue for the first time by assessing whether
capuchin monkeys facing an impending competitive situation
strategically selected their grooming partners in a way that may
suggest planning (Predictions 3 and 4), or whether they were
responding to the current tension generated by the anticipation of
conflict (Prediction 5). If the monkeys planned to manage future
competition, then the increase in prefeeding grooming should be
selectively directed towards specific partners, indicating that the
monkeys not only predicted the forthcoming event, but also
tailored their response based on their future needs (i.e. a reduction
of the forthcoming competition) according to the relative risk
posed by other group members. By contrast, if capuchin monkeys
used grooming only to reduce the current tension generated by the
anticipation of future competition, then the prefeeding increase in
grooming could occur without the monkeys selecting their part-
ners based on future competition. Our results showed that pre-
feeding grooming was not preferentially directed towards selected
partners (i.e. the most dangerous individuals for subordinates and
those most in need of being reassured for dominants). Thus,
capuchin monkeys did not direct grooming strategically, notwith-
standing the effectiveness of prefeeding grooming in reducing
feeding competition by increasing tolerance. Whatever its mecha-
nism, increased grooming as an anticipatory conflict prevention
mechanism can be adaptive for wild primates since they are known
to be able to anticipate the amounts of food present at each site
when selecting their travel routes (Janson 2007; Noser & Byrne
2007).

Since analyses similar to ours have not been carried out yet, it is
difficult to assess the generality of the above findings. In their study
on a captive group of chimpanzees, Koyama & Dunbar (1996), in
contrast to our study, found selective prefeeding grooming towards
kin, suggesting strategic planning in an ape species. Indeed, some
experiments have indicated that chimpanzees’ planning abilities
may be superior to those of monkeys (Mulcahy & Call 2006),
although clear evidence of planning in the social domain is still
lacking. Differences in the cognitive abilities between apes and
monkeys may partially explain the contrast with our results. The
only other study that has investigated the occurrence of affiliation
tactics before feeding competition in monkeys (Mayagoitia et al.
1993) showed that stumptailed macaques increased their prefer-
ence for the alpha male in the period before feeding. The authors
interpreted this result as the macaques tackling the problem of
future competition by strengthening the bond with the most
powerful individual in the group. Nevertheless, no evidence was
provided that the prefeeding attraction to the alpha male was
related to an actual benefit for the groomer during subsequent
feeding, such as protection against aggression or increased
tolerance.

The results of our study suggest that conflict prevention occurs,
as prefeeding grooming increased subsequent tolerance, but
capuchin monkeys do not seem able to use it in a strategic way.
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Prefeeding grooming can be considered an ‘anticipatory tension-
regulating mechanism’ (de Waal, 1987). Capuchin monkeys thus do
not use grooming strategically for future needs (Suddendorf &
Corballis 2008), but act in response to a context-specific state,
such as the current tension generated by the expectation of feeding.
Our analysis allowed us to distinguish between ‘conflict prevention’
and ‘planning to manage future conflict’. In fact, notwithstanding
similar consequences (i.e. a reduction in overt competition), the
cognitive abilities underlying these two options differ dramatically.
Whereas conflict prevention only requires the ability to hold
expectations about future events based on past experience, plan-
ning to manage future conflict requires fully fledged mental time
travel, as the animal needs to project itself into alternative hypo-
thetical scenarios. In Raby & Clayton’s (2009) terminology, conflict
prevention requires semantic future thinking, while planning to
manage future conflicts requires episodic future thinking.

Most animals may lack the cognitive skills to plan their behav-
iour based on their future needs (Suddendorf & Corballis 2008)
although recent findings on apes (Mulcahy & Call 2006; Osvath
2009), rats, Rattus norvegicus (Babb & Crystal 2006) and birds
(Raby et al. 2007) are challenging this idea, and debate on the
validity of such studies in revealing evidence of planning abilities is
ongoing (reviewed in Roberts & Feeney 2009). Recent neural
findings show that in the lateral prefrontal cortex of monkeys the
cellular activity occurring before performing specific behavioural
sequences can predict the categories of actions the monkeys will
engage in (Shima et al. 2006). Although it has been suggested that
these findings may be extended to more complex hierarchical
structures of behavioural plans, their relevance to actual planning
and episodic future thinking in more natural contexts is still to be
demonstrated. Further efforts aimed at disentangling responses to
immediate and future needs and further research specifically
focused on conflict management will help us clarify what cognitive
mechanisms underlie the occurrence of anticipatory strategies and
conflict prevention in nonhuman primates and other animals.
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