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Social bonds have been construed as mental representations mediating social interactions among individuals. It is problematic, however, to differentiate this mechanism from others that assume more direct exchanges and interchanges of behaviour such as reciprocity, market effects or mutualism. We used naturally occurring shifts in rates and patterns of social interactions among male Barbary macaques to test whether afﬁliation in the nonmating season predicts coalition formation in the mating season. We carried out 1377 h of observation of all 23 males living in a semifree-ranging bisexual group at Affenberg Salem, Germany. The mating season was characterized by signiﬁcantly increased rates of aggression, male coalition formation and spontaneous submission as well as decreased rates of afﬁliation. Rates of coalition formation in the mating season were predicted by afﬁliation between these males several weeks earlier in the nonmating season after we controlled for afﬁliation in the mating season. We conclude that social bonding in the nonmating season may build reputations among partners that are crucial for cooperation in risk-prone agonistic coalitions against other males. From the pronounced time lag between bonding and cooperation and the fact that males largely ignored afﬁliation as well as agonistic patterns in the time-matched mating season, we conclude that short-term reciprocity, mutualism or market effects cannot explain these observations. Instead, we conclude that long-term reciprocity mediated by emotional book keeping may be the basic mechanism. Building on that, males may employ a mental representation of their social bonds when choosing partners for cooperative interactions. 2011 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd.



Social bonds, that is, lasting partner preferences in afﬁliative interactions, are a widespread phenomenon in gregarious mammals (e.g. bats: Wilkinson 1985; dolphins: Connor et al. 2001; carnivores: de Villiers et al. 2003; ungulates: Wasilewski 2003; Cameron et al. 2009; primates: Mitani 2009) and birds (Emery et al. 2007). The strength of the bond between two individuals is typically estimated from differential frequency or duration metrics for spatial proximity among individuals and grooming/preening behaviour (Silk 2002). While grooming may be exchanged for grooming or interchanged for other commodities in classical reciprocity (Hart & Hart 1992; Schino 2007) or in biological markets (Noë et al. 2005; Barrett & Henzi 2006), an alternative view proposes that grooming is an investment in a social bond (e.g. Dugatkin1997; Schülke et al. 2010; see also von Bayern et al. 2007; but see Henzi & Barrett 1999). * Correspondence: O. Schülke, Courant Research Centre Evolution of Social Behaviour, Georg August University Göttingen, Kellnerweg 6, 37077 Göttingen, Germany. E-mail address: [email protected] (O. Schülke).



Social bonds form through repeated afﬁliative interactions among partners. The evolutionary mechanisms proposed to maintain such bonding are kin selection, reciprocal altruism and mutualism (Clutton-Brock 2009). Intrasexual social bonds in particular are thought to be driven primarily by kin selection and are rarer between unrelated individuals because competition prevails among same-sex individuals in social groups (van Hooff & van Schaik 1994; Silk 2006; Clutton-Brock 2009; Smith et al. 2010; but see Schino & Aureli 2010). This applies especially for males, which, in contrast to females, compete for a nonshareable resource, that is, fertilizations (Trivers 1972; van Hooff & van Schaik 1994; van Schaik 1996). Nevertheless, afﬁliative behaviour between unrelated males can reduce agonistic tension (e.g. Judge & de Waal 1997; Paul et al. 2000), increase tolerance (e.g. Silk 2007) and is related to coalitionary support (Feh 1999; Schino 2007). Afﬁliation is based on reciprocal altruism if beneﬁts for the actor are delayed, or mutualism if beneﬁts inevitably accrue for both partners (e.g. Mitani 2006; Schülke et al. 2010). The beneﬁts of male afﬁliation are assumed to accrue more or less immediately between nonkin, because temporal delays in returning
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beneﬁts (i.e. reciprocation) may provide cheating options to the receiver of the cooperative act (Trivers 1971; Connor 1995; CluttonBrock 2009). For the same reason, some authors have questioned the existence of social bonds as entities, in the sense of conscious or unconscious mental representations (Bachmann & Kummer 1980; Cheney & Seyfarth 1990; Dunbar & Shultz 2010), which causally mediate relations between temporally separated interactions (Hemelrijk 1996; Stevens et al. 2005; Barrett et al. 2007). The necessary delay between investment in a social bond and the return of beneﬁts is also assumed to be constrained by the complex cognitive skills required, such as mnemonic time tracking and book keeping of interactions (Stevens et al. 2005; Barrett et al. 2007). Recent studies suggest that unrelated females may indeed delay reciprocation for a few hours or days in baboons, Papio hamadryas anubis and P. h. ursinus and mandrills, Mandrillus sphinx (Frank & Silk 2009; Schino & Pellegrini 2009; Cheney et al. 2010), macaques, Macaca fuscata and M. fascicularis (Schino et al. 2007; Massen 2010), chimpanzees, Pan troglodytes (Gomes et al. 2009), capuchins, Cebus apella (Schino et al. 2009) and rats, Rattus norvegicus (Rutte & Taborsky 2008; see also Schino & Aureli 2010). However, most of these studies were correlational, and did not investigate temporal contingency or include a time-speciﬁc component in the actual analyses, but pooled data across varying periods instead. Thus it remains unclear whether reciprocation may be mediated by social bonds over several weeks or months, especially among unrelated males. In this study, we used the pronounced mating seasonality of Barbary macaques to assess the mediating role of long-term social bonds between unrelated males in agonistic coalition formation, thus combining the correlational and the temporal contingency approach that takes the temporal sequence of events into account (e.g. Schino & Aureli 2009). The degree of despotism in social relationships, and thus the importance of the dominance hierarchy, and levels of aggressiveness are expected to be most pronounced in the mating season (e.g. Eaton et al. 1981; Sands & Creel 2004; Ostner et al. 2011) corresponding to the presence of the males’ key resource, fertile females (Trivers 1972; van Hooff & van Schaik 1994). Consequently, coalition formation should be most beneﬁcial and frequent during the mating season, since mating success of males usually depends on direct coalitionary support in sexual contexts (e.g. Noë 1992; Feh 1999; Connor et al. 2001; Bissonnette et al. 2011) or rank position (de Ruiter & van Hoof 1993; Alberts et al. 2003), which again is often associated with the coalitionary support on which a male can rely (de Villiers et al. 2003; Schülke
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et al. 2010). At the same time, increased rates of aggression during the mating season lead to increased spatial avoidance and stronger rank effects in behaviour and thus to reduced possibilities for afﬁliative interactions between males, which restricts investments in the social bond largely to the nonmating season (e.g. Horiuchi 2005; Cordoni 2009). Consequently, afﬁliative interactions that establish or maintain male social bonds in the nonmating season have been predicted to result in coalition formation only several weeks or months later during the mating season (Paul et al. 1996, 2000). In one scenario, the pronounced afﬁliative behaviour of the nonmating season, but not the constrained afﬁliation of the mating season, is predicted to drive coalitionary support during the mating season (Fig. 1a), which would render strong support for the idea that bonds form to establish reputations for future cooperation. If afﬁliative interactions are viewed as cooperative acts then partners can gain reputations as cooperators over several iterations and these reputations may bias future partner choice. Alternatively, coalition formation in the mating season may be related ‘just-in-time’ (Barrett et al. 2007) to this season’s afﬁliative activity despite the suboptimal conditions for afﬁliation (Fig. 1b). In the latter case, coalition formation will just reﬂect short-term mutualism involving immediate direct beneﬁts or symmetry-based reciprocity (de Waal & Luttrell 1988; CluttonBrock 2009). Long-term social bonds will then emerge as an epiphenomenon of persistent associations over time without any need for higher cognitive skills such as time tracking, mental representations or mediator roles of these bonds (de Waal & Luttrell 1988; Hemelrijk 1996; Stevens et al. 2005; Barrett et al. 2007; Clutton-Brock 2009). In this study, we aimed to distinguish between these two possibilities by investigating social bonding and coalition formation in male Barbary macaques. Unlike other primates, adult Barbary macaque males groom each other only rarely but frequently engage in triadic interactions involving two males and one infant (for details see Deag 1980; Paul et al. 1996) that may be characterized as afﬁliative (Paul et al. 1996). Almost all body contacts, grooming interactions and friendly approaches between males are preceded by triadic interactions (Paul et al. 1996, 2000). Triadic interactions have been proposed (1) to function as agonistic buffering mechanisms facilitating male afﬁliation (Deag 1980; see also Zhao 1996 for Tibetan macaques, Macaca thibetana), (2) to represent male mating effort and to increase access to mothers in the future (Ménard et al. 2001; but see Paul et al. 1996), and (3) to serve to establish coalitionary
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Figure 1. Causal step approach to assess mediatorship (Baron & Kenny 1986). Two distinct causal pathways are conceivable regarding the three variables. (a) Afﬁliative interactions during the nonmating season (NMS) predict both afﬁliative interactions and coalition formation during the mating season (MS) and thus mediate a possible positive correlation between the latter two. (b) Afﬁliative interactions of the nonmating season predict only afﬁliative interactions of the mating season by continual association, which in turn predicts coalition formation of the mating season immediately and thus mediates a possible positive correlation between afﬁliative interactions during the nonmating season and coalition formation during the mating season. Variables are A independent, B dependent and M mediating according to the causal step approach (see Methods)
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relationships between males (Paul et al. 1996, 2000). We investigated the previously untested third explanation. The overall aim of the study was to investigate the mediating role of social bonds for high-risk cooperation in agonistic coalitions among males. Speciﬁcally, we aimed to evaluate the basic assumptions that rates of dyadic and coalitionary aggression are increased during the mating season compared to the nonmating season. As a consequence of increased conﬂict avoidance among males, the rate of afﬁliative behaviour (namely triads, body contact, grooming and spatial proximity) was predicted to decrease during the mating season, hence restricting afﬁliation largely to the nonmating season. Building on that, we proposed that patterns of afﬁliative interactions (i.e. triadic interactions) during the nonmating season predicted patterns of coalition formation during the subsequent mating season on the dyadic level (see Fig. 1). Assuming that males eavesdrop on others’ social interactions (e.g. Earley 2010), we predicted that if cooperation was based on reputation, males with high afﬁliation rates in the nonmating season would have more coalition partners, form more coalitions and receive more agonistic support in the mating season. METHODS Study Group We collected data on one of three semifree-ranging groups of Barbary macaques which share a 14.5 ha enclosure at Affenberg Salem, Germany (for a history of the population see de Turckheim & Merz 1984). Data were collected during one nonmating season (4 June 2006 to 27 September 2008) and one mating season (27 October 2008 to 23 January 2009). During the study period, the study group (H) consisted of 67 animals (23 adult males, 31 adult females, three subadult males, 10 immatures) of known ages. Only ﬁve adult males were born into the study group (information on age and group history: Affenberg Salem, unpublished data). As a result of male dispersal (Scheffrahn et al. 1993), only 3.6% of all possible male dyads (N ¼ 9 of 253) show a coefﬁcient of maternal relatedness 0.25 (r ¼ 0.25: N ¼ 7; r ¼ 0.5: N ¼ 2; Affenberg Salem, unpublished data,). Paternal kinship is not recognized by Barbary macaques (Kuester et al. 1994). Hence, possible effects of kinship in our study were negligible. Behavioural Data Recording We recorded data using focal animal observations each 45 min long with continuous recording (Altmann 1974). All adult animals were individually known, and all 23 adult males were chosen as focal animals (nonmating season: 471 h, 20.5  1.8 h/male; mating season: 906 h, 39.4  0.6 h/male). The continuous protocol included sexual interactions, that is, copulations, afﬁliative and agonistic interactions. Afﬁliative interactions included close proximity (
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(nonmating season: N ¼ 309; mating season: N ¼ 53), grooming (nonmating season: N ¼ 95; mating season: N ¼ 15) and staying in close proximity of less than 1.5 m for more than 10 s (nonmating season: N ¼ 616; mating season: N ¼ 456). Only one-third of triadic interactions were initiated directly by the infant-handling male. In the remaining cases, the approaching male was the initiator of the triadic interaction. Rates of agonistic interactions (individual aggression, i.e. attacks or threats to another individual) were calculated as the individual number of interaction bouts/h. An interaction bout was deﬁned as a series of behavioural acts that were not separated by more than 10 s, and were either dyadic (i.e. involving two partners only; aggressive interaction bouts: nonmating season: N ¼ 119; mating season: N ¼ 202) or polyadic (see below). Cumulative aggression rate accounts for both dyadic and polyadic aggressive interactions. Unprovoked submission indicating spontaneous avoidance was deﬁned as submission without any preceding or simultaneous aggression by the other male within the same bout (nonmating season: N ¼ 49; mating season: N ¼ 460). Following de Waal & Harcourt (1992), we deﬁned coalitions as joint aggression of two or more males against a common target. The analysis of coalitionary aggression was based on conﬂicts involving males only (mating season: N ¼ 189 coalitions of various sizes; N ¼ 155 coalitions of two partners against one target) and excluding scream ﬁghts (see Bissonnette 2009). Coalitions during the nonmating season were ignored in the correlation analysis owing to their low number (N ¼ 5). If not stated otherwise, analyses were based on two-against-one coalitions. Directional coalitionary support was deﬁned conservatively as supportive third-party interventions in ongoing conﬂicts (N ¼ 70 of the 155 two-againstone coalitions). To investigate the relationships between afﬁliative behaviour during the nonmating season and the mating season and coalition formation through the mating season and to assess mediatorship (see Fig. 1), we carried out a ‘causal step approach’ following Baron & Kenny (1986; reviewed in MacKinnon 2008) using row-wise and partial row-wise matrix correlations of symmetric (i.e. nondirectional) interaction matrices (de Vries 1993; tests for signiﬁcance based on 10 000 permutations). Accordingly, mediation requires positive correlations of all of the three variables with each other (MacKinnon 2008) as well as that the correlation between the mediator variable M and the dependent variable B prevails after controlling for the independent variable A. Furthermore, partial mediation by M is indicated by a weakened correlation between A and B after controlling for M, while a total loss of correlation indicates complete mediation by M, and unmodiﬁed or increased correlation indicates no mediation by M (A, B and M refer to Fig. 1; for details see MacKinnon 2008). Since grooming events were extremely rare between males (see above) we based our analysis of afﬁliative behaviour on the frequencies of triadic interactions and time spent in close proximity, two important behaviours regarding discussions of shortterm mutualism (Hemelrijk 1996). Despite more focal hours during the mating season (see above), the total number of observed triadic interactions, as well as the total time spent in close proximity, was higher in the nonmating season than the mating season. In nonsaturated matrices (i.e. including false zeros) increased total counts potentially increase variance and total covariance and could therefore inﬂuence outcomes of the partial matrix correlations. To rule out such effects conclusively, we balanced the total sample sizes of the nonmating season and mating season by subsampling. We successively omitted protocols from the end of the nonmating season until the total number of triadic interactions (N ¼ 352 out of 450) matched the sample from the mating season and the total duration of time spent in close proximity in the mating-season
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sample matched that in the nonmating-season sample (total time: 14.5 h versus 14.7 h, N ¼ 518 out of 616). This procedure extended the temporal gap between the nonmating season and mating season samples to 8 weeks in both cases (triads: 58; time spent in close proximity: 53 days). Coalitions in the study group were primarily formed against young immigrant males to isolate them from the group (Berghänel et al. 2010). Most coalitions were formed by older immigrant males (mean  SD ¼ 21.9  1.7 years) and natal males and mainly targeted young immigrants (mean  SD ¼ 12.2  1.2 years), yielding what seemed to be two subgroups (Berghänel et al. 2010). Consequently, we predicted that coalitionary support and afﬁliative interactions would be primarily concentrated among partners of the same subgroup too. As this special pattern would strongly bias dyadic partner choice options and may drive positive row-wise matrix correlations, we tested for this assumption and controlled for it as a covariable. Average-linkage cluster analyses (Whitehead 2009) revealed the presumed subgroup formation regarding coalitionary support of the mating season. Maximal modularity of this analysis was 0.33 and thus indicated meaningful division, and the cophenetic correlation coefﬁcient was 0.73, indicating that the basal clustering of the analysis into the two subgroups matched the interaction matrix well (see Whitehead 2009). All interaction matrices were tested by row-wise matrix correlations (Spearman rank; de Vries 1993) for correlation with a control matrix coding between-subgroup dyads as 0 and withinsubgroup dyads as 1. All interaction matrices (i.e. coalition formation in the mating season, and triads and time spent in close proximity in the nonmating season or mating season) were signiﬁcantly correlated with the subgroup control matrix (all: P  0.002) and were thus corrected by mean scaling (as usually applied in general linear models, GLMs, see e.g. Kiebel & Holmes 2003). For this purpose we divided all between- and withinsubgroup values by their respective mean for each row separately, so that for each male the means of the between- and of the withinsubgroup interactions equalled one. Thus, all further analyses using these mean-scaled interaction matrices were controlled for differences between within- and between-subgroup dyads. Analyses were carried out using Statistica 8.0 (Statsoft, Tulsa, OK, U.S.A.), SPSS 18.0.2 (Polar Engineering and Consulting, Nikiski, AK, U.S.A.), MatMan 1.1.4 (Noldus Information Technology, Wageningen, The Netherlands; de Vries et al. 1993) and SocProg 2.4 (Whitehead 2009). All statistical tests were two tailed with alpha set to 0.05, except matrix correlations, which used one-tailed alpha estimations according to Monte Carlo permutation tests with alpha set to 0.05. RESULTS Interaction Rates in Nonmating and Mating Seasons While dyadic aggression rate did not differ between the two seasons, coalitionary aggression rate increased signiﬁcantly from the nonmating season to the mating season, as did the cumulative aggression rate (Fig. 2a, b, Table 1). Similarly, conﬂict avoidance, that is, the rate of unprovoked submission was also elevated in the mating season compared to the nonmating season (Fig. 2c, Table 1). In contrast, rates of afﬁliative behaviours, that is, proximity, body contact, grooming and triadic interactions, all decreased signiﬁcantly from the nonmating season to the mating season (Fig. 2d-f, Table 1), indicating that afﬁliative activities were restricted largely to the nonmating season. This was not caused by reduced infant handling times (Table 1). Males afﬁliated less often with almost all (97%) their closer partners, that is, those with above-average individual afﬁliation rates. Reduction in afﬁliation was even stronger for more closely bonded males than for others in which only 67% of dyads afﬁliated



less often (or stayed zero) in the mating season (Pearson c2 ¼ 17.4, P < 0.0001). Moreover, the increase in unprovoked submission rate per dyad between the nonmating and mating seasons was not negatively correlated with triadic interaction rate in the nonmating season (Spearman rank correlation: rS ¼ 0.035, P ¼ 0.22; partial rowwise matrix correlation controlled for subgroup control matrix). Thus, preferred dyads were similarly characterized by conﬂict avoidance and limited afﬁliation during the mating season. Social Bonds For triadic interactions, as well as time spent in close proximity, dyadic patterns of coalition formation during the mating season and afﬁliative interactions during both the mating and the nonmating seasons were signiﬁcantly positively correlated with each other (Fig. 3). The lack of a correlation between the ﬁrst two variables after we controlled for the latter one and, in addition, the just slightly modiﬁed correlation between afﬁliative interactions in the nonmating season and coalition formation in the mating season when we controlled for afﬁliative interactions in the mating season suggest complete mediation by afﬁliative interactions in the nonmating season (see Figs 1, 3). Accordingly, not only rates but also patterns of afﬁliative behaviour changed between the nonmating season and the mating season, since the remaining variance between these two variables (about 70%; see bivariate correlations, Fig. 3) could not simply be explained by random noise but turned out to be rather meaningful and systematic regarding coalition formation (see partial correlations, Fig. 3). Thus, coalition formation during the mating season was exclusively predicted by afﬁliative interactions through the nonmating season. The apparent effect of afﬁliative interactions during the mating season on coalition formation was mediated by its correlation with the afﬁliative interactions of the nonmating season (Fig. 1a), and changes in afﬁliative behaviour between the nonmating season and the mating season did not account for discrepancies between afﬁliative behaviour in the nonmating season and coalition formation in the mating season. Reputation Independent of their own interactions with other males, males may base their partner choice on the latter’s reputation, that is, on the partner’s observable propensity to cooperate in afﬁliative interactions with third parties. However, the frequency of triadic interactions in which a male took part during the nonmating season was not correlated with the frequency of coalitions it formed in the mating season (Spearman rank correlation: rS ¼ 0.134, P ¼ 0.54; partial correlation controlled for subgroup pattern: r ¼ 0.290, P ¼ 0.19), the frequency of coalitionary support it received (Spearman rank correlation: rS ¼ 0.006, P ¼ 0.98; partial correlation controlled for subgroup pattern: r ¼ 0.276, P ¼ 0.21) or the number of coalition partners over the mating season (Spearman rank correlation: rS ¼ 0.155, P ¼ 0.48; partial correlation controlled for subgroup pattern: r ¼ 0.335, P ¼ 0.13). DISCUSSION The mating season, compared to the preceding months, was characterized by a steep increase in aggression rate, indicating a rise in competition and tension among males. This change was accompanied by increased rates of unprovoked submission and decreased rates of afﬁliative behaviour. Although not explicitly tested, this indicates that males may have avoided contact (see also Horiuchi 2005; van Wolkenten et al. 2006) rather than managing conﬂict through afﬁliative tension reduction (e.g. Judge & de Waal
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Figure 2. Differences in individual interaction rates between the nonmating (NMS) and the mating season (MS). (a) Polyadic aggression, (b) cumulative aggression, (c) unprovoked submission, (d) spatial proximity (


1997; Videan & Fritz 2007). Afﬁliation rates dropped and spontaneous submission rates increased in all dyads irrespective of their overall afﬁliation rate (i.e. bond strength). Thus, tension caused by reproductive competition among males was not simply reduced by afﬁliative and cooperative social bonds, and social bonds may not have been formed to compensate for, but only to deal with, competition. Table 1 Differences in maleemale interaction rates between the nonmating (NMS) and the mating (MS) season Interaction



Median Median P* (interquartile range) (interquartile range) NMS MS



Rates (interactions/h and Dyadic aggression Coalitionary aggression Cumulative aggression Unprovoked submission Proximity (


male) 0.16 (0.09e0.32) 0 (0e0.05) 0.17 (0.09e0.33) 0.05 (0.02e0.09) 0.99 (0.68e1.55) 0.48 (0.23e0.80) 0.05 (0.00e0.23) 0.67 (0.37e1.12)



0.15 (0.08e0.36) 0.28 (0.20e0.44) 0.51 (0.32e0.68) 0.41 (0.23e0.54) 0.40 (0.28e0.53) 0.02 (0.00e0.05) 0 (0e0.01) 0.28 (0.15e0.37)



0.99 


1.96 1.58 0.05 2.21



1.04 (0.62e1.67) 0.02 (0e0.18) 0 (0e0.09) 1.18 (0.71e3.60)



0.001 


*



Wilcoxon signed-ranks test.



(1.19e3.06) (0.4e2.97) (0e1.72) (0.68e5.04)



Although afﬁliative behaviour and coalition formation were most frequent in temporally separated mating and nonmating seasons, we found that triadic interactions in general predicted coalitionary relationships between males as suggested by Paul et al. (1996, 2000). Thus, our results present a further demonstration of afﬁliation between unrelated males for the beneﬁt of agonistic coalition formation (Silk 1994; Feh 1999; Schülke et al. 2010). Currently, Tibetan macaques are the only primates known to match Barbary macaques in their rates, pattern and relationship-regulatory function of triadic interactions (Zhao 1996; Paul et al. 2000). But in contrast to our results, coalition formation was not related to afﬁliation in Tibetan macaques (Berman et al. 2007). Comparing seasons, we found that not only rates but also patterns of afﬁliative interactions changed from the nonmating to the mating season. Afﬁliation patterns during the mating season did not predict coalition formation. Instead, males seemed to recognize their social bonds from the nonmating season also during the mating season, a period of restricted afﬁliation and increased tension. Here we used nonmating season afﬁliation patterns observed at least 8 weeks before the onset of the mating season to predict coalition formation in the mating season. The directional causality between afﬁliation in the nonmating season and coalition formation in the mating season is supported by the sequence of the temporally well-separated interactions. There was a delay between investment in the social bond and the high-risk cooperation in a coalition against another male, which opens up opportunities for cheating. Cooperation during
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Figure 3. Results of the causal step analysis relating (a) triadic interactions or (b) time spent in close proximity in the mating and the nonmating seasons with coalitionary support in the mating season, using bivariate and partial row-wise matrix correlations (Spearman rank correlations) of symmetric (i.e. nondirectional) interaction matrices. Grey: bivariate; black: partial correlations; dashed line and numbers in italics: nonsigniﬁcant correlations; size of the lines and numbers: row-wise matrix correlation coefﬁcients; *P < 0.05; **P < 0.01; ***P < 0.001.



agonistic coalitions always carries the risk of injury, especially among males that often carry weapons for direct conﬂict such as the long canine teeth of many male primates (Preuschoft et al. 1998; Plavcan 1999). Moreover, male Barbary macaques often form all-up coalitions in which both allies rank below the target (Bissonnette 2009; Berghänel et al. 2010); hence, neither of the allies can win alone, making defection by one partner very risky for the other. Our results suggest that males choose their allies according to their nonpublic reputation as reciprocator in afﬁliative interactions to reduce the risk of defection in coalitions (see also for nonpublic reputation in rats and ﬁnches: Rutte & Taborsky 2008; St-Pierre et al. 2009). Accordingly, reputations were built during the nonmating season when competition is reduced. The costs associated with defection in triadic interactions or grooming are small but signiﬁcant. It has been shown that the overall duration of infant carrying by male Barbary macaques is associated with increased levels of faecal glucocorticoid excretion (Henkel et al. 2010). Thus, males that invest in a triadic interaction with an infant may signal to their partner their willingness to invest in more risky cooperative behaviours (see also Whitham & Maestripieri 2003). Reducing the risk of cheating in the way described requires some mechanisms for tracking relationships through time, for example a mental representation of the bond. Several authors have questioned the existence of such abstract conceptual notions as bonds and time-tracked, mediating social relationships in social animals altogether (e.g. Stevens et al. 2005; Barrett et al. 2007). Instead, they have postulated direct and immediate behavioural adaptation to social dynamics by ‘just-in-time learning’, based on the spatial and afﬁliative structure among animals in their environment and thus ‘the world as its own best model’ suggesting a mechanism of ‘short-term mutualism’ (see also Hemelrijk 1996; Stevens et al. 2005; Barrett et al. 2007; Henzi et al. 2009). But the spatial and afﬁliative structure of our study group was explicitly not used ‘just in time’ to adapt coalition formation. Instead, the history of the respective relationships was taken into account. Likewise, the relationship between afﬁliation and coalition formation cannot be explained by symmetry-based reciprocity (see de Waal & Luttrell 1988) or short-term market forces (Noë et al. 2005; Barrett & Henzi 2006) because neither kinship nor proximity nor afﬁliative behaviour accounted for coalition formation immediately within the mating season. The view that animal sociality works on the



basis of short-term reciprocity or mutualism (Barrett et al. 2007) has also been challenged by recent studies revealing considerable delays between giving and returning beneﬁts from several minutes or hours (Schino et al. 2007, 2009; Frank & Silk 2009; Schino & Pellegrini 2009; Cheney et al. 2010) up to several days (Rutte & Taborsky 2008; Gomes et al. 2009; Massen 2010). Our results suggest that Barbary macaque males may keep track of events that are separated by several weeks or months. Since the abovementioned studies involved taxa as different as rats, macaques and chimpanzees, it seems unlikely that the required time tracking involves advanced cognitive processes (Stevens et al. 2005; Barrett et al. 2007). Instead, emotional book keeping (Schino & Aureli 2009) has been proposed as a mechanism linking events separated in time, a mechanism that is similar to attitudinal reciprocity (de Waal 2000) or liking (Trivers 1971). Accordingly, emotions are construed as intervening variables that are affected by previous social interactions and in turn affect subsequent interactions, thereby allowing individuals to keep track of social interactions over a longer time and to convert different behavioural commodities into a common currency (Schino & Aureli 2009). This mechanism may have the potential to explain our results if several conditions are met. First, both afﬁliative and coalitionary behaviours need to be converted into one emotional currency, because afﬁliation in the mating season alone does not predict coalition formation. At the onset of the mating season, males would then base their choice on previous afﬁliation only and update their emotional state with both afﬁliation and coalitions as the mating season goes on. Second, emotional state would need to represent interactions from a longer previous time period. This is because as soon as the mating season starts, even bonded partners show changed afﬁliation rates and patterns. If emotional state reﬂects past interactions from only a day or two it would be difﬁcult to maintain the nonmating season afﬁliation pattern with the relatively rare coalitions alone. Third, negative emotions would need to be registered independently from positive ones because keeping a positive attitude is hampered by increased rates of aggression and spontaneous submission among closely bonded partners. We conclude that a strictly noncognitive emotional book-keeping mechanism is unlikely to explain our results. Instead, the current emotional state may emerge from contextual reactivation and integration of different (and potentially contradictory) previous emotional states. This would suggest that some mechanism for
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contextual emotional association is needed which could be provided by mental memory representation. According to Owren & Rendall (1997), this could be facilitated by classical conditioning (i.e. learning) on a partner’s visual and vocal attributes as conditional stimuli. In this view, the perception of the conditioned attributes of a certain male triggers emotional states, which in turn trigger motivational states of approach or avoidance. This conditioned relationship could further be modulated by contextual trigger variables such as sensory inputs, or even seasonal changes in the neurophysiological environment (e.g. Wingﬁeld et al. 1990; see also Schino & Aureli 2009). This classical conditioning mechanism would present an implicit mental memory representation of the social relationships and bonds beyond perceptual mental representation (i.e. representations that are provided by the perception itself), mediating between interactions over long time periods. Although not usually mentioned (e.g. Schino & Aureli 2009), this mechanism seems to be compatible with the original concept of emotional book keeping (see Aureli & Schaffner 2002). This suggests that different behavioural measures should be taken into account when analysing temporal patterns of social relationships, since they may represent different manifestations of the same mental representation of a social bond that can be expressed and modiﬁed largely independently. In line with this view, mammals as different as primates, dolphins and sealions, as well as birds such as parrots and pigeons, may possess conceptual representations (Katz et al. 2007; Newen & Bartels 2007; but see Penn et al. 2008). Several mammal and bird species seem to adjust their behaviour in relation to third-party relationships (e.g. Silk 1999; Perry et al. 2004; Holekamp et al. 2007; Weiss et al. 2010). In zebra ﬁnches, Taeniopygia guttata, long-term social bonds mediate cooperation in the iterated Prisoner’s Dilemma (St-Pierre et al. 2009) and male hyaenas, Crocuta crocuta, returning to their natal clan territory after several months (up to 1.6 years) maintained their natal social status in interactions with members of their natal clan (Höner et al. 2010). We emphasize that these implicit representations of social bonds do not require episodic memory or anticipation of future rewards (see also Schino & Aureli 2009; but see Barrett et al. 2007). Altogether, the social relationships between unrelated Barbary macaque males were long term and time-tracked, and integrated information from many social interactions in at least implicit mental representations of social bonds. Thus, social bonds can be viewed as mental entities that mediate between different kinds of interactions separated by long time periods. Moreover, they are characterized by bilateral initiation of afﬁliative interactions and withstand some degree of tension and conﬂict and periods of infrequent afﬁliation. Therefore, male social bonds are phenomenologically strikingly similar to close human friendships (see Silk 2002, 2003) indicating that the basic mechanisms underlying human friendships may be evolutionarily old and not unique to humans (see also Massen et al. 2010). Acknowledgments We thank Roland Hilgartner, Gilbert de Turckheim and Ellen Merz for permission to work at the Affenberg Salem. We are grateful to Roland Hilgartner and the staff of Affenberg for assistance. We thank Christin Minge, Maude Erasmy and Miriam Waldmann for help with data collection, Mathias Franz for help with the statistics, and Annie Bissonnette and Claire Cunningham for comments on the manuscript. The study was funded by the Max Planck Society and the German Initiative of Excellence to University of Göttingen.
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