
Chapter 8
Tibetan Macaque Social Style: Covariant
and Quasi-independent Evolution

Krishna N. Balasubramaniam, Hideshi Ogawa, Jin-Hua Li, Consuel Ionica,
and Carol M. Berman

8.1 Introduction: Primate Sociality and Social Structure

In animals, including primates, group living and the social tendencies that support it
evolve when the benefits of living in groups (e.g., predator avoidance, cooperative
resource sharing) outweigh the costs (e.g., competition for resources, disease risk)
(Kappeler and Van Schaik 2002). Primate species share close evolutionary histories
and are biologically, socially, and physiologically similar to humans (Cobb 1976;
Kappeler et al. 2015; Suomi 2011). As such, they make excellent comparative
models for understanding the evolution of aspects of human group living, an
endeavor that is fundamentally important given that social connectedness is
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associated with many benefits, including physical and emotional well-being, coping
with environmental stressors, and enhancing survival, both in humans (e.g., Cohen
et al. 2015; Holt-Lunstad et al. 2010; House et al. 1988) and in nonhuman primates
(e.g., Ostner and Schülke 2014; Sapolsky 2005; Schülke et al. 2010; Silk et al. 2003,
2010; Young et al. 2014).

The complexity of primate social systems may be captured by studying three
interrelated aspects of social life—social organization, mating systems, and social
structure (Clutton-Brock and Harvey 1977; Hinde 1976; Kappeler and Van Schaik
2002; Koenig et al. 2013; Thierry et al. 2004). Social organization refers to the
distribution and composition of individuals within social groups, specifically group
sizes, sex ratios, and sex-typical philopatry versus dispersal strategies (Clutton-Brock
and Harvey 1977). Social organization in turn gives rise to the other two aspects of
social life. The first concerns mating systems which can be seen as the outcome of
individual reproductive strategies adopted by resident and dispersing adults in a group
(Greenwood 1980). The second is social structure, which arises from the patterning
and distribution of agonistic, affiliative, cooperative, and/or conflict-managing inter-
actions among group members (Hinde 1976; Kappeler and Van Schaik 2002; Sterck
et al. 1997; van Schaik 1989, 1996). Social structure is of particular interest to
behavioral ecologists because it provides both opportunities and constraints on indi-
viduals as they strive to maximize the benefits of group living while minimizing its
costs. As such, social structure provides a rich window for testing hypotheses about
adaptive and evolutionary strategies that individuals may use to gain fitness.

Among primates, social structure varies widely. Over the years, several conceptual
frameworks have been proposed to explain how ecological factors might explain this
variation.Wrangham (1980) was one of the earliest socioecologists to point out that, in
several cases, (1) species with similar social organizations display sharply different
social structures and to (2) argue that the distribution and abundance of resources
needed by females to reproduce influenced their tendencies to form groups and to
disperse or not. He also introduced the idea that these factors would in turn influence
within- and between-group agonistic and affiliative social structure. This approach was
extended by van Schaik (1989) and by Sterck et al. (1997) to include predation
pressure and infanticidal risk as influential ecological factors. Sterck et al. (1997)
described variation in the social structure of diurnal primates (1) emphasizing the
influence of competitive regimes within groups on the nature and quality of female
relationships (despotic vs. tolerant vs. egalitarian) and (2) pointing out that dominance
structures were often associated with other aspects of social structure, e.g., kin bias and
coalitionary support (Sterck et al. 1997). Since then, researchers have continued to
emphasize power relationships as central to understanding variation in social structure.

In contrast to socioecological explanations, other schools of thought argue that
aspects of social structure are more strongly influenced by inherent or intrinsic
characteristics (Thierry 2004, 2007). Dominance hierarchies are once again central
to this framework (de Waal and Luttrell 1989), but rather than adaptive responses to
current ecological conditions, they are hypothesized to be either due to ecological
adaptation in the distant past (Chan 1996; Kamilar and Cooper 2015; Matsumura
1999) or to emergent properties of self-organizational processes (Hemelrijk 1999,

142 K. N. Balasubramaniam et al.



2005; Puga and Sueur 2017). In either case, variation in social structure is posited to
be strongly influenced by species’ ancestral or phylogenetic histories
(Balasubramaniam et al. 2012a; Kamilar and Cooper 2015; Thierry et al. 2008,
2000) due to tendencies for dominance structures to be structurally linked to entire
suites of social traits and hence for these traits to covary with one another (Thierry
et al. 2008; Thierry 2000). Such contrasting explanatory models have complicated
our understanding of variation for dominance and other aspects of primate social
structure.

In this chapter, we review our previous studies to illustrate the complexity of a
few aspects of Tibetan macaque (Macaca thibetana) social structure, focusing on
indicators of social style. The concept of social style posits that a suite of character-
istics related to dominance and social tolerance covary (and may have coevolved)
with one another and that species can be placed on a continuum ranging from
extremely despotic to extremely tolerant (de Waal and Luttrell 1989; Thierry
2000, 2004; Thierry et al. 2008). Early studies on Tibetan macaques (Deng 1993;
Ogawa 1995; Zhao 1996) detected a suite of moderately tolerant traits that led to
their categorization as a “grade 3” species (Thierry 2000). Yet later work has
revealed a mixture of characteristics that are associated with both despotism and
tolerance, prompting a change in classification. Here we review this more recent line
of evidence to describe how quasi-independent evolution, i.e., the apparent adaptive
responses by animals to variation in current sociodemographic factors and ecological
conditions, may have also influenced the evolution of such a mixture of social style
traits in this species. We suggest that such effects may potentially mask underlying
tendencies for the covariation of traits. Similarly, we describe comparative research
across the macaque genus that suggests that aspects of social style may have been
influenced by species’ phylogenetic histories, by the covariation of traits to each
other, and by adaptive responses to variation in current conditions. In doing so, we
suggest that aspects of Tibetan social styles may represent flexible responses to
different types of selection pressures that are nevertheless limited to a given species-
typical range of possible responses, i.e., “social reaction norms” (Berman and
Thierry 2010). We end by highlighting some avenues for future research that address
some crucial gaps in our current understanding of the evolution of Tibetan macaque
social styles and macaque social structure in general.

8.2 The Macaques and the Study of Variation in Social
Structure

To date, comparative studies of variation in primate social structure have largely
focused on members of the family Cercopithecinae, specifically baboons (genus:
Papio, Theropithecus) and macaques (genus:Macaca) (Cords 2013). This is because
these genera are represented by many species that are among the most geographi-
cally widespread and ecologically diverse of all primates. Moreover, they show
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marked variation in several aspects of social structure both within and across species
(Cords 2013). Members of the genusMacaca range from North Africa in the West to
Japan in the East and from China in the North to Sulawesi, Indonesia, in the South
(Abegg and Thierry 2002; Thierry 2013; Thierry et al. 2004). All macaque species
show a broadly similar social organization (Thierry 2013; Thierry et al. 2004).
Barring a few exceptions (Sinha et al. 2005), they live in multi-male, multi-female
social groups with varying sex ratios (although usually skewed toward females).
Females are philopatric and males disperse from their natal groups when they reach
maturity (Cords 2013; Paul and Kuester 1987). Yet macaque species vary broadly in
several aspects of social structure related to aggression intensity, dominance rela-
tionships, maternal style, tendencies to reconcile following conflicts, and tendencies
to show preferences for kin in affiliative and cooperative exchanges (Thierry 2000,
2007, 2013).

Early observations found these various tendencies appeared to be clustered,
particularly among some better-studied species. This led to the theoretical concept
of macaque “dominance styles” (de Waal and Luttrell 1989) and shortly thereafter
renamed “social styles” (Thierry 2000), a concept with dominance relationships at its
core. The social style concept posits that aspects of macaque social structure covary
with one another and that species can be placed on a continuum (later simplified into
a four-grade scale) that ranges from extremely despotic to extremely tolerant
(Thierry 2000, 2007; Thierry et al. 2004). Specifically, species categorized as
“grade 1” [extremely despotic, e.g., rhesus macaques (Macaca mulatta) and Japa-
nese macaques (M. fuscata)] and “grade 2” [moderately despotic, e.g., long-tailed
macaques (M. fascicularis) and pigtailed macaques (M. nemestrina)] may be
expected to show intense aggression, steep hierarchies and highly asymmetric
dominance relationships (Balasubramaniam et al. 2012a), low tendencies to recon-
cile after conflicts (Thierry et al. 2008), strong preferences toward kin (Thierry et al.
2008), protective maternal styles (Thierry et al. 2000), and community formation or
substructuring in their affiliative relationships (Sueur et al. 2011). In contrast, “grade
3” [moderately tolerant, e.g., Barbary macaques (M. sylvanus) and bonnet macaques
(M. radiata)] and “grade 4” [extremely tolerant, e.g., crested macaques (M. nigra)
and Tonkean macaques (M. tonkeana)] species are hypothesized to display mild
aggression, shallow hierarchies, frequent counter-aggression, strong tendencies to
reconcile, l`ow degrees of kin bias, relaxed maternal styles, and dense well-
connected grooming social networks.

Although the concept of social style is widely employed in the primate literature,
certain issues remain. First, the extent to which one can speak of single species-
typical social styles is not clear. In most Cercopithecine primates, female-female
relationships define the core of the group’s social structure (Cords 2013; Koenig
et al. 2013; Sterck et al. 1997; van Schaik 1989). As such, most designations of
social style among macaques are based on female-female relationships, particularly
in captive groups where the number of males available to study is often limited
(Balasubramaniam et al. 2012a, b; Thierry 2000; Thierry et al. 2004, 2008). How-
ever, a number of studies have found differences in social styles among males and
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females of the same species (Cooper and Bernstein 2008; Preuschoft et al. 1998;
Richter et al. 2009; Tyrrell et al. 2018).

It is also unclear how consistent social style indicators are over time or among
groups of the same species. Although several studies have found consistent styles
among different captive groups (Demaria and Thierry 2001; Petit et al. 1997; Sueur
et al. 2011; Thierry 1985), and among wild, free-ranging and captive groups of the
same species (Balasubramaniam et al. 2012a, b), others have found variation in
social style indicators (e.g., grooming kin bias, hierarchical steepness) as groups
have grown and fissioned (Balasubramaniam et al. 2011; Berman and Thierry 2010;
Zhang and Watanabe 2014). Such inconsistencies in the literature have been partly
responsible for ongoing debates over the origins of social style and other aspects of
social structure. Specifically, the extent to which variation in social structure may be
linked to inherited characteristics [e.g., genetic polymorphisms, phylogenetic history
(Blomberg et al. 2003; Thierry 2007, 2013; Thierry et al. 2000)] versus outcomes of
adaptive responses of individuals to current socioecological factors (Clutton-Brock
and Janson 2012; Isbell 2017; Koenig et al. 2013; Sterck et al. 1997) remains unclear
and hotly debated.

Some proponents of the phylogenetic argument posit that aspects of macaque
social style are structurally linked and hence covary with each other across species
(Petit et al. 1997; Thierry 2000; Thierry et al. 2008). In an early extreme form, this
idea, called the systematic variation hypothesis (Castles et al. 1996; Petit et al. 1997),
posited that species that show a single indicator of a particular social style (e.g., steep
dominance gradients in grade 1 species) may be expected to display all other aspects
of that style. In other words, it predicts that all indicators for species showing
extreme despotism or extreme tolerance should be in the extreme range and that
all indicators for species showing intermediate styles should display intermediate
indicators. However, there is now a consensus that this extent of covariation is not
always detectable and may be different for different traits and species. For instance,
Thierry et al. (2008) found that across the range of macaques with different social
styles, post-conflict affiliation covaried systematically with explicit forms of contact,
but not with grooming kin bias. Further, although most studies thus far have found
the predicted clusters of social style indicators and marked differences between
species at the extreme ends of the social style scale (e.g., Demaria and Thierry
2001; Sueur et al. 2011; Thierry 1985), the positions of species in intermediate
grades remain unclear and do not always concur with the covariation hypothesis
(summarized in Balasubramaniam et al. 2012b).

Many proponents of socioecological explanations for variation in social style
hypothesize that current conditions such as the distribution and abundance of
resources, predation pressure, and the risk of infanticide critically influence the
number and spatial distribution of females in groups. In female philopatric groups,
those factors in turn influence not only the number and distribution of males but also
the social structure of the group. While social style indicators are expected to cluster
to some extent, this framework (named the Ecological Model of Female Social
Relationships or EMFSR: Koenig et al. 2013; Sterck et al. 1997) does not necessarily
predict structural linkages or tight covariation among them.
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In the next sections, we summarize our research findings on aspects of Tibetan
macaque social structure for both males and females. We describe indicators asso-
ciated with both despotic and tolerant social styles and evaluate the extent to which
these different indicators seem to covary with one another, or are labile, independent
responses by individuals to external factors, within this species. Then, we review our
comparative studies that examine the extent to which social style indicators covary
and display phylogenetic signals and/or are influenced by variation in current
sociodemographic factors, across macaque groups and species belonging to all
four social style grades.

8.3 Tibetan Macaques and the YA1 Group

Tibetan macaques are the largest macaque species (Fooden 1986). Preferring mon-
tane habitats, they are found in the subtropical and temperate forests that range from
South Central to Western China as far as Tibet (Li 1999; Zhao 1996). Taxonomi-
cally, they are in the sinica-arctoides phylogenetic clade. They are most closely
related to Assamese (M. assamensis) and Arunachal (M. munzala) macaques
(Balasubramaniam et al. 2012a; Chakraborty et al. 2007; Purvis 1995; Tosi et al.
2003), although they morphologically resemble stump-tailed macaques
(M. arctoides). Like all macaques, they live in multi-male, multi-female social
groups that show female philopatry, male dispersal, and linear dominance hierar-
chies (de Vries 1998; Zhao 1996).

Work on the ecology and social structure of Tibetan macaques began with
pioneering studies on Mt. Emei, Sichuan Province, China (Deng 1993; Li 1999;
Zhao 1996; Zhao et al. 1991), and at Mt. Huangshan, Anhui Province, China
(118.3�E, 30.2�N) (Li 1999; Wada et al. 1987). The study at Huangshan continued
by focusing on the semi-provisioned Yulingkeng A1 or YA1 group (Li 1999).
Huangshan is a popular tourist destination in East-Central China and home to several
groups of Tibetan macaques with (apparently) nonoverlapping home ranges. The
montane vegetation consists of mixed deciduous and evergreen forests at lower
elevations and sparsely covered peaks at higher elevations (Li 1999; Zhao 1996;
Zhao et al. 1991). The YA1 group has been monitored, and maternal kin relation-
ships of adults have been recorded since 1986 (Li 1999). The data we review here
were collected on the YA1 group over six observation periods spread across
12 years. During each of the six observation periods, the group’s hierarchy was
stable, and we used similar observation methods (focal animal sampling and all
occurrences sampling). H. Ogawa collected data between 1991 and 1992, and
C. Berman and colleagues collected data between 2000 and 2002. During this
time, the group size varied from 39 to 52 individuals. Although wild, the macaques
were managed for tourism for a period of time that overlapped with data collection—
inconsistently during the first three periods, but consistently so for the second three
periods. Park officials herded the animals from the forest into a viewing area where

146 K. N. Balasubramaniam et al.



tourists could observe them from a pavilion, as the monkeys were provisioned with
corn. Between feedings, the group spent most of their time in the surrounding forest.

8.4 Evidence of Female Despotism Contradicts Earlier
Studies

When Thierry published his classic analysis of social style and proposed a four-
grade social style scale (Thierry 2000; Thierry et al. 2000), comprehensive analyses
of core social style indicators were available for a limited number of macaque
species. Hence, the placement of many species, including Tibetan macaques, was
tentative and based on their phylogenetic closeness to better-studied species (Thierry
et al. 2000), or on indirect behavioral indicators. Thierry (2000) placed Tibetan
macaques in grade 3 (moderately tolerant) based on their membership in the sinica-
arctoides lineage (which contains other tolerant macaques) and on early studies that
described evidence for multiple traits that were associated with a mildly tolerant
social style: frequent ritualized affiliation among males, bidirectionality in silent
bare-teeth displays, triadic infant handling interactions particularly among males,
and tolerant responses to infant handling by mothers (Deng 1993; Ogawa 1995;
Zhao 1996). It was not until 2004 that Berman and colleagues evaluated multiple
other core indicators of social style (Berman et al. 2004). Using data collected on the
YA1 group between 2000 and 2002, this study expected to confirm the tentative
designation of Tibetan macaques as “tolerant” or “grade 3” species. They examined
(1) the degree of aggressive asymmetry and counter-aggression in dominance
relationships, (2) conciliatory tendencies, and (3) kin bias in a variety of affiliative
and tolerant behaviors separately for males and females.

The results were surprising for both sexes: they supported a despotic rather than a
tolerant social style. First, both males and females displayed high degrees of
asymmetry in their dominance relationships. Three indices were used to evaluate
the extent to which aggression was bidirectional, specifically the (1) directional
inconsistency index (or DII), (2) the dyads-up index, and (3) percentage of
counter-aggression, and all revealed extreme aggressive asymmetry typical of
extremely despotic species (Table 8.1). Similarly, submissive signaling in the form
of silent bare-teeth displays was almost always given in the same direction between
dyads and in the same direction as other fearful and submissive interactions. Second,
conciliatory tendencies were low. These were examined using the post-conflict
matched-control pairs, or the PC-MC method (de Waal and Yoshihara 1983),
which examined the timing of affiliative interaction during a 5-min window of
time following an act of aggression (the PC or post-conflict sample), and compared
it with the timing during a comparable period of time without aggression (the MC or
matched sample). The method thus evaluated whether affiliation occurred earlier,
later, or at the same time in the PC as the MC. The comparisons were used to
calculate a corrected conciliatory tendency (CCT) that varies from 0 to 100% and
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estimates the degree to which dyads are more likely to reconcile (i.e., engage in
affiliation soon after a conflict than at other times) (Veenema et al. 1994). For
female-female dyads, the conciliatory tendency was extremely low (4.2%), a figure
that is low even among grade 1 macaque species. For males, it was a moderate 19.7%
(see also Berman et al. 2006), but still within the range of despotic male macaques
(unrelated male Japanese macaques: Petit et al. 1997).

Finally, females, but not natal males, consistently displayed high levels of
affiliative kin bias and social tolerance. Mean rates of female affiliation (grooming,
sitting near, co-feeding) with maternal kin were significantly greater than affiliation
rates with nonkin (Table 8.2). Indeed, the intensity of grooming kin bias, measured
as the observed-to-expected ratio of grooming bouts between kin, suggested that
females groomed kin more than three times the value expected by chance. All the
results were consistent across seasons and locations (provisioning area vs. forest),

Table 8.1 Bidirectionality of aggression during each of three data analysis periodsa for a single
group of Tibetan macaques

8/1/00–1/28/01 2/27/01–5/29/01 12/9/01–7/25/02

A. Directional inconsistency index

Male-male dyads 3/583 (5.2%) 2/50 (4.0%) 2/108 (1.9%)

Female-female dyads 6/160 (3.8%) 3/166 (1.8%) 4/243 (1.6%)

B. Dyads-up index

Male-male dyads 1/36 (2.8%) 2/36 (5.6%) 0/28 (0.0%)

Female-female dyads 3/78 (3.8%) 1/78 (1.3%) 0/45 (0.0%)

C. Percent counter-aggression

Male-male dyads 3/37 (8.1%) 0/33 (0.0%) 0/73 (0.0%)

Female-female dyads 0/97 (0.0%) 4/114 (3.5%) 6/157 (3.8%)

All three measures of bidirectionality indicate a high degree of asymmetry in dominance relation-
ships among both males and females, typical of a despotic species
A. The percentage of total aggressive interactions that were directed in the less frequent direction
within dyads
B. The percentage of dyads for which the main direction of aggression was up the dominance
hierarchy
C. The percentage of instances of aggression of any kind to which the target responded with
aggression of any kind
aAdapted from Berman et al. (2004)

Table 8.2 Kin bias among Tibetan macaques, indicated by Partial Kr coefficients between
interaction rates and degree of relatedness, controlling for rank distancea

Partner combination % Time w/in 5 m Grooming Sit near Approaches Co-feed

♀-♀ 0.16� 0.22�� 0.25�� 0.24� 0.18�
♂-♂ �0.14 0.13 �0.17(�) �0.17 �0.14

The results suggest a significant degree of kin bias among females in affiliation and tolerance
��p < 0.01
�p < 0.05
(�)p < 0.1
aAdapted from Berman et al. (2004)
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strongly supporting a despotic social style for Tibetan macaques. Although several
core indicators were similar to those of grade 1 macaques, findings from this study
led to a reclassification of Tibetan macaques as grade 2 rather than grade 1 or grade
3 species (Matsumura 1999; Thierry 2007) based on previous findings of ritualized
affiliative behavior among males and of maternal tolerance for infant handling
among females.

Although these findings greatly expand our understanding of social style among
Tibetan macaques, they pose complications for possible explanations for the origins
of such despotism. On the one hand, a phylogenetic explanation is difficult since
Tibetan macaques are members of the sinica-arctoides lineage which is composed of
predominantly tolerant macaque species. Yet, they display heightened levels of
despotism that are characteristic of members of the fascicularis lineage (Matsumura
1999; Thierry et al. 2000) like pigtailed macaques (Castles et al. 1996) and Assamese
macaques (Cooper and Bernstein 2002). Socioecological explanations based on the
distribution of natural resources and predation pressure are also unlikely given that
Tibetan macaques have a largely folivorous diet (Zhao et al. 1991) and experience
(historically) moderate levels of predation pressure (Xiong 1984), factors that
socioecological frameworks associate with tolerant or egalitarian societies (Sterck
et al. 1997).

Berman and colleagues (Berman et al. 2004) speculated that indicators of a
despotic social style in this group may have risen recently due to human activity;
activities associated with tourism, particularly range restriction, herding, and food
provisioning, likely elevated levels of intragroup aggression and/or competition
(Berman and Li 2002; Hill 1999; Judge 2000; Marechal et al. 2011; Ram et al.
2003) and thereby generated atypical despotism in a species that would otherwise
show greater social tolerance. Together, these results demonstrate that, rather than all
aspects of female social style showing moderate despotism, some are in the range of
extremely despotic species, and others are in the range of moderately tolerant
species. Such a mixture of both despotic and tolerant social style traits in the same
species suggests that structural linkage and potential covariation of traits may be
offset, at least in part, by potentially adaptive individual responses to contemporary
selection pressures posed by human management.

8.5 Males Exhibit Social Tolerance Despite Evidence
for Despotism

In general, less research has focused on male-male relationships than female-female
relationships among Cercopithecine primates and other primates that display female
philopatry and male dispersal. When males disperse, they typically join groups that
lack close kin, particularly in species that disperse repeatedly (as do Tibetan
macaque males, whose average tenure in a group is about 5–6 years: Berman
et al., unpublished data). As such, opportunities for long-term affiliative and
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cooperative relationships among males are limited. More fundamentally, affiliation
and cooperation would not be expected among males, because males primarily
compete for resources (i.e., conceptions with fertile females) that cannot be shared
in the same way as food patches or other resources (Schülke and Ostner 2008, 2013;
Sterck et al. 1997). As such, theoretical considerations do not generally predict high
levels of affiliation and cooperation among males.

Socioecological models predict that the social strategies of primate males are
driven by the availability and distribution of fertile females (Kappeler and Van
Schaik 2002; Sterck et al. 1997; van Schaik 1989). When several females form a
cohesive group, single males are not likely to be able to monopolize them, partic-
ularly when they breed seasonally. This leads to the formation of multi-male, multi-
female societies in which males may coexist but attempt to outcompete one another
through various forms of scramble or contest competition, particularly over access to
females (Kappeler 2000; van Schaik 1996; Van Schaik et al. 2004). High levels of
competition should theoretically preclude strong male-male affiliative relationships
in these groups. However, some macaque males regularly engage in affiliative
interactions that lead to strong social bonds and that enhance their fitness (Ostner
and Schülke 2014; Schülke et al. 2010; Young et al. 2014).

Indeed, contrary to predictions, particularly high levels of male-male affiliation
and tolerance have been reported among groups and species with relatively even sex
ratios versus those with highly female-biased sex ratios. In these cases, male-male
affiliation and tolerance have been hypothesized to function as coping mechanisms
against intense conflict and competition both from other group males (e.g., access to
females, revolutionary coalitions) and from external threats (e.g., predators,
intergroup encounters, dispersing males: Cooper and Bernstein 2002; Ogawa
1995; Preuschoft and Paul 2000). The reasoning is that cooperation with some
males against others may enhance a male’s competitive abilities within his group
and that group action may increase probabilities of success against external threats.

Previous research on Tibetan macaques suggests that males compete vigorously
with one another for rank and access to fertile females, consistent with a despotic
social style (Li and Wang 1996). Nevertheless, as mentioned earlier, they also show
several forms of affiliative interaction with one another, consistent with their ten-
dencies toward relatively even sex ratios (Li 1999). These include moderate concil-
iatory tendencies, ritualized greetings, and bridging behavior in which infants are
used to facilitate friendly contact between males and to enhance the chances of
forming affiliative social bonds (Ogawa 1995).

To further examine the ways in which male Tibetan macaques may engage in
tolerant and cooperative interactions with kin and nonkin, despite strong indications
of a despotic social style, Berman and colleagues examined cooperative strategies
among males, focusing particularly on agonistic coalitions (Berman et al. 2007).
They examined affiliation, tolerance, and agonistic support to test the hypothesis that
increased tolerance in otherwise despotic males may occur when high-ranking males
require support from other males to maintain their positions. In this group, conser-
vative coalitions, in which two higher-ranking males aggressively target a lower-
ranking male, are the most common, and these serve to reinforce the current
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hierarchy. Nevertheless, revolutionary coalitions in which two lower-ranking males
challenge a higher-ranking male pose a threat particularly to alpha males. Although
agonistic support is unrelated to kinship and rates of grooming, high-ranking males
display tolerance in the form of co-feeding toward lower-ranking males that support
them, and alpha males show the most cooperation with the males that targeted them
in revolutionary coalitions. Berman and colleagues suggested that high-ranking
males discourage revolutionary alliances by using two cooperative strategies. They
primarily rely on conservative alliances, but also offer tolerance to potential rivals in
cases in which conservative coalitions are less effective.

We suggest that, contrary to socioecological theory (van Hooff and van Schaik
1994; van Schaik 1996; Van Schaik et al. 2004), Tibetan macaque males may be
“tolerant despots” (cf Kaburu and Newton-Fisher 2015). Just as Kaburu and
Newton-Fisher use the term “egalitarian despots” to describe chimpanzees that
display signs of social tolerance which emerge strategically from a more despotic
dominance style, we suggest that social tolerance in male Tibetan macaques is not
shaped by external factors like increased between-group competition or predation
pressure which were low or absent in this population. Rather, we suggest that social
tolerance may be an adaptive outgrowth of within-group despotism, in that it allows
despotic males to enhance their competitive abilities by selectively displaying
tolerance to other males. Like the findings for female social styles, findings for
male-male relationships also suggest a mixture of both despotic and tolerant social
style indicators. Such evidence for unlinked traits that may be independently
influenced by different, sometimes opposing, types of selection pressures may
mask or offset potential underlying evidence for the structural linkage or covariation
of traits.

8.6 Comparative Studies Provide Evidence for Both
Covariation and Quasi-independent Evolution

Comparative research among primate species provides powerful opportunities to
discern the extent to which variation in a characteristic is likely to be related to
variation in ecological factors and/or evolutionary trends (Nunn 2011). This is
particularly the case for comparative studies of macaque social structure, given
their similar social organizations but varying social structures (Thierry 2007). To
date, comparative studies of macaque social structure have largely focused on
evolutionary explanations, specifically on the influence of phylogenetic relatedness.
However, they have found somewhat mixed evidence for the phylogenetic model.
An early study found that 7 out of a set of 22 macaque social behavioral traits
analyzed appeared to be strongly influenced by phylogenetic relatedness (Thierry
et al. 2000). Later work found that aspects of macaque social structure related to
post-conflict affiliation and explicit contact, but not grooming kin bias, were more
similar among more closely related species and that they appeared to covary
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continuously across species in predicted directions after accounting for phylogeny
(Thierry et al. 2008). Most of these studies focused on captive groups in which it was
relatively easy to restrict the analysis to behavior outside of the feeding context and
hence to avoid the possibility that behavior related to social style might be masked
by direct feeding competition.

Building on these pioneering studies, Balasubramaniam et al. (2012a, b)
conducted three comparative studies of variation in other aspects of macaque social
structure, specifically dominance hierarchies and grooming social network structure,
which until then had not been tested in a comparative framework that involved
multiple macaque groups and species. These studies included both captive and free-
living groups of macaques, including Tibetan macaques at Huangshan, and specif-
ically examined the potential influence of living condition on social style traits. We
review the major findings from these three studies below, focusing on their impli-
cations for both the characterization of Tibetan macaque social style and for the
evolutionary origins of macaque social structure in general.

In the first of two comparative studies of macaque dominance social structure that
tested the predictions of phylogenetic models (Balasubramaniam et al. 2012a),
Balasubramaniam and colleagues examined whether the steepness of hierarchies
(de Vries et al. 2006) and degrees of dominance asymmetry or counter-aggression
showed strong phylogenetic signals, i.e., whether they were more similar among
more closely related species (Blomberg et al. 2003; Kamilar and Cooper 2015;
Matsumura 1999; Thierry et al. 2008). They assembled a behavioral dataset on
dyadic aggressive interactions and submissive displacements among adult females,
for each of 14 groups of macaques representing 9 species. For each group, they
calculated the steepness of the dominance hierarchy as the absolute slopes of plots
between normalized David’s scores (NDS: de Vries et al. 2006) and ordinal ranks of
individuals attributed by David’s scores. David’s scores are calculated for each
individual as the differences between its wins and losses in dyadic agonistic inter-
actions, which are weighted by the relative wins and losses of all of the other
individuals in the group (Gammell et al. 2003; de Vries et al. 2006). To date,
hierarchical steepness represents the most comprehensive measure of the “domi-
nance gradient” and hence the degree of despotism in the dominance hierarchy of a
social group. In addition to steepness, they also calculated the degree of “dominance
asymmetry,” by estimating the proportion of aggressive interactions that involved
counter-aggression from the initial recipient.

To test predictions of phylogenetic signals, they used multiple macaque Bayesian
and maximum likelihood phylogenetic trees, both self-reconstructed and extracted
from the online database for primate phylogenies 10kTrees (Arnold et al. 2010). The
results were consistent with the phylogenetic model in that both hierarchical steep-
ness and counter-aggression showed strong, significant phylogenetic signals. More-
over, phylogenetic signals were consistent and strong when they examined a subset
dataset of just free-living groups representing seven species of macaques.

In a second comparative study that used the same dataset, Balasubramaniam et al.
(2012b) tested the covariation hypothesis and found mixed support for it. They asked
whether hierarchical steepness and counter-aggression both covaried with the
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hypothesized placement of species on Thierry’s four-grade social style scale and
whether evolutionary shifts in social style grade corresponded consistently to covar-
iant changes in hierarchical steepness and counter-aggression. As predicted by the
covariation hypothesis, steepness and counter-aggression were strongly correlated
with the placement of species on macaque social style scales in the predicted
directions. Yet the nature of these relationships differed for each trait. On the one
hand, hierarchical steepness appeared to covary continuously with the scale.
Macaques in grades 1 and 2, including Tibetan macaques, showed the steepest
hierarchies, grade 3 species showed moderately steep hierarchies, and grade 4 species
showed the shallowest hierarchies. On the other hand, counter-aggression appeared
highly dichotomous. Species from grades 1–3 all showed similar and markedly low
levels of counter-aggression (range, 0.6–6.4% of all aggressive interactions) in
comparison with the two grade 4 species (crested macaques, 50.8% of aggressive
interactions; Tonkean macaques, 60.4%). This suggested that the covariation
between dominance traits and social scale were driven primarily by species at the
extreme ends of the scale (grade 1 vs. grade 4 macaques).

In comparison, the characteristics of species in intermediate grades 2 and 3 were
inconsistent. For instance, grade 1 rhesus and Japanese macaques showed both steep
dominance hierarchies (range, 0.68–0.99) and low levels of counter-aggression
(range, 0–7.1% of all aggressive interactions), while grade 4 Sulawesi crested and
Tonkean macaques showed the opposite characteristics (steepness range, 0.27–0.53;
counter-aggression range, 50–61% of all aggressive interactions). However, grade
2 species, rather than showing more shallow hierarchies than grade 1, fell within the
range for grade 1 species (steepness range, 0.85–0.98). In fact, two grade 2 species—
Tibetan and long-tailed macaques—showed the steepest hierarchies of all species
examined in the study, i.e., exceeding the values for grade 1 Japanese and rhesus
macaques. Further, Tibetan macaques showed the lowest levels of counter-
aggression (mean ¼ 0.64%; range, 0.53–0.76% of all aggressive interactions),
even lower than grade 1 macaques.

The case of grade 3 macaques was even less consistent. Although hierarchical
steepness of Barbary macaques was intermediate to those for grades 2 and 4 as
predicted for a moderately tolerant social style, low levels of counter-aggression
seen in this same group were more indicative of a more despotic style (but see
Thierry and Aureli 2006), indicating possible evidence for quasi-independent evo-
lution. Moreover, grade 3 bonnet macaques showed both steeper hierarchies and low
levels of counter-aggression, within the range of despotic species.

To test the covariation hypothesis statistically, Balasubramaniam et al. (2012b)
used phylogenetic independent contrast approaches of ancestral trait reconstruction
to determine whether major evolutionary shifts from despotic to tolerant social style
grades corresponded to shifts in hierarchical steepness and counter-aggression in the
evolutionary history of macaques. The findings were telling. For both steepness and
counter-aggression, the magnitudes of independent contrasts were greatest at the
nodes in the phylogenetic tree that split grade 4 macaques from all other grades. This
was consistent with the finding that there were indeed marked differences between
macaques at the extreme ends of the scale. However, contrary to predictions,
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evolutionary shifts from higher to lower social style scales, or from tolerant to
despotic societies, did not result in consistent increases in steepness contrasts or
decreases in counter-aggression contrasts. Moreover, the magnitude of steepness and
counter-aggression contrasts were no greater at nodes in the phylogeny where there
were evolutionary shifts in social style, compared to “neutral” nodes in which there
were no shifts in style. In summary, the authors found strong evidence for phyloge-
netic signals in dominance traits and mixed evidence for the covariation hypothesis.
Specifically, covariation seemed to more strongly influence the underlying differ-
ences in dominance hierarchies between some species and phyletic lineages
(macaques across grades 1 and 4), but less so others (species in grades 2 and 3).

In a third study, Balasubramaniam and colleagues (2018a) examined interspecific
covariation in higher-order aspects of both dominance hierarchies and social
grooming relationships across an even wider range of macaque populations. To
capture higher-order aspects of social structure, they used social network analysis
(SNA: Farine and Whitehead 2015; Lusseau 2003). Beyond using only direct
interactions among dyads, network approaches incorporate both the direct social
connections and indirect pathways of interactions among individuals (Brent et al.
2011; Farine and Whitehead 2015; Kasper and Voelkl 2009; Sueur et al. 2011). Such
approaches may identify consistent patterns or “motifs” of interactions that in turn
describe group social structure. The focus on social grooming, a core aspect of
affiliative and cooperative social structure, expanded on previous studies that had
predominantly focused on aspects of post-conflict affiliation, affiliative kin bias, and
dominance hierarchies (but see the inclusion of macaque grooming traits by Schino
and Aureli (2008) in their interspecies analyses).

In comparison to these latter traits which may be strongly influenced by intrinsic
factors such as personality (Capitanio 1999; Krause et al. 2010), matrilineal inher-
itance (Cords 2013; Kapsalis 2004; Sade 1972), and phylogenetic histories (Thierry
2007; Thierry et al. 2008, 2000), the patterning and distribution of grooming
relationships has been assumed to be more responsive to environmental variability,
such as group sizes (Berman and Thierry 2010; Kasper and Voelkl 2009; Majolo
et al. 2009), the presence of infants (Fruteau et al. 2011; Gumert 2007; Henzi and
Barrett 2002; Tiddi et al. 2010), and the distribution of resources (Balasubramaniam
and Berman 2017; Carne et al. 2011; Ventura et al. 2006). Nevertheless, across the
macaque genus, the structure of grooming social networks is also likely to be
strongly influenced by varying tendencies for species to affiliate with kin, i.e.,
grooming kin bias (Berman 2011; Berman and Kapsalis 2009; Berman and Thierry
2010; Kapsalis 2004; Thierry et al. 2008).

Under the covariation framework, more despotic, nepotistic species that show
steeper dominance hierarchies, and in which individuals prefer to interact more with
close kin compared to distant kin, may be expected to show more modular or
substructured grooming networks (Sueur et al. 2011). On the other hand, more
tolerant species in which hierarchies are shallower, and in which individuals form
affiliative relationships with a wider range of conspecifics, may be expected to show
more dense, well-connected social networks that are less modular (Sueur et al.
2011). In support of this covariation framework, a study by Sueur and colleagues
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found that more intolerant or nepotistic grade 1 species like rhesus and Japanese
macaques showed less dense but more centralized, modular, or substructured social
networks than more socially tolerant, less nepotistic grade 4 species like Tonkean
and Sulawesi crested macaques (Sueur et al. 2011). Balasubramaniam and col-
leagues used a wider range of macaques to ask whether (1) aspects of dominance
and grooming social networks showed strong phylogenetic signals and (2) they
covaried with each other independently of the effects of phylogeny and/or extrinsic
sociodemographic factors like group size, sex ratio, and living condition.

The authors assembled a broad comparative dataset—38 dominance matrices and
34 datasets of social grooming—from captive, free-ranging, and wild groups
representing 10 species of macaques. From these, they estimated two dominance
social network traits, specifically triangle transitivity (Shizuka and Mcdonald 2012)
and group-wide dominance certainty (Fujii et al. 2013). From the grooming datasets,
they estimated three aspects of grooming social network structure: the (1) centrality
coefficient, i.e., the extent to which dominant individuals are also highly central in
their grooming network (Handcock et al. 2006); (2) Newman’s modularity, i.e., the
degree to which networks were substructured into communities of closely interacting
individuals (Newman and Girvan 2004); and (3) clustering coefficient (Csardi and
Nepusz 2006), which is an indicator of the localized density of a group’s social
connections. As in previous efforts, they replicated their comparative analyses across
multiple phylogenetic trees to account for phylogenetic branch length uncertainty.

As in the previous comparative studies, the results showed mixed evidence for the
phylogenetic model. Consistent with findings from the previous study on dominance
steepness and counter-aggression (Balasubramaniam et al. 2012a, b), dominance
transitivity and certainty both showed strong phylogenetic signals (Fig. 8.1). On the
other hand, aspects of grooming social networks showed only moderate or weak
phylogenetic signals (Fig. 8.1). Moreover, contrary to the covariation hypothesis,
grooming network measures did not covary with dominance traits across species
(Fig. 8.2). Instead, two aspects of grooming social networks, modularity and clus-
tering coefficient, were more strongly predicted by group size, a sociodemographic
factor, than by species’ social styles or dominance traits. Specifically, larger groups
of macaques showed more modular, less densely clustered grooming networks than
smaller groups, with the results being independent of groups’ living condition and
variation in sampling effort.

Taken together, findings from these interspecies comparative studies suggest that
different aspects of social structure may have been subject to different evolutionary
and ecological selection pressures. Specifically, aspects of dominance social struc-
ture seem to be strongly influenced by phylogenetic relationships and to show
tendencies to covary across some (but not all) species and lineages. In comparison
to dominance, grooming social networks seem weakly influenced by phylogeny.
Rather than covarying with dominance traits across groups and species, grooming
networks appear to be more responsive to variation in current sociodemographic
factors like group sizes and living condition. The detection of more clear-cut
differences in dominance traits between the grade 4 Sulawesi macaques and mem-
bers of grades 1 and 2 in the fascicularis lineage suggests that the influence of
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phylogeny and the structural linkage of traits may be visible across higher organi-
zational scales (e.g., across some species and lineages), but perhaps less so at lower
organizational scales (e.g., across species within a lineage, across groups). In other

Fig. 8.1 Bar plot of the K-statistic calculated to determine the strength of phylogenetic signals
among aspects of dominance and grooming social network structure for ten species of macaques.
On the one hand, values of K approaching or greater than 1 indicate strong phylogenetic signals in
the dominance traits. On the other hand, values of K < 1 indicate moderate-to-weak signals in the
grooming traits

Fig. 8.2 Scatterplot showing the lack of a relationship between directional consistency index (DCI)
of dominance hierarchies and Newman’s community modularity of grooming social networks for
34 groups of macaques across 10 species. Red dots represent scores for the YA1 Tibetan macaque
group at each of six study periods
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words, they suggest that the structural covariation of aspects of macaque social
structure has occurred over longer evolutionary timescales that separate entire
phylogenetic lineages, rather than across shorter timescales that separate species or
populations within lineages.

Consistent with findings at the interspecific level, and indeed with the conclusions
from the other within-species studies we have reviewed above, we also found a lack
of evidence for intraspecific covariation between dominance and grooming social
structure among just Tibetan macaques. They displayed moderate-to-steep domi-
nance hierarchies and very low levels of counter-aggression on the one hand and
moderate-to-low levels of grooming modularity on the other hand. Moreover,
aspects of dominance hierarchies in Tibetan macaques were not correlated with
aspects of grooming social network across six study periods of hierarchical stability
(e.g., hierarchical steepness vs. grooming modularity: n ¼ 6, r ¼ 0.26, p ¼ 0.62).
Thus, findings from our comparative studies are consistent with those from our
previous studies on just Tibetan macaques. Both suggest that aspects of Tibetan
macaque social style, while having potentially been shaped by phylogenetic relat-
edness and structural linkage in the evolutionary past, have been subject to some-
what unlinked, independent trajectories influenced by current socioecological and
demographic conditions more recently in their evolutionary history.

8.7 Discussion and Future Directions

Aspects of social structure represent higher-order phenomena, i.e., phenotypically
visible, group level outcomes of individuals striving to access the benefits of group
living while minimizing its costs. Given the importance of social structure for indi-
vidual fitness, primatologists are interested in the evolutionary underpinnings of
variation in social structure (Clutton-Brock and Janson 2012; Koenig et al. 2013;
Thierry 2004). Theoretical models based on species’ phylogenetic history (Matsumura
1999; Thierry 2007; Thierry et al. 2000), inherent self-organization by individuals
(Hemelrijk 1999, 2005; Puga and Sueur 2017), and adaptations to variation in current
ecological conditions (Kappeler and Van Schaik 2002; Sterck et al. 1997; van Schaik
1989) have all been proposed, but currently there is no consensus regarding the
relative extents to which these factors influence social structure.

In this chapter, we demonstrate how research on the genus Macaca, and in
particular on Tibetan macaques, has provided useful empirical tests of some of these
conflicting frameworks. Among macaque researchers, some proponents of phyloge-
netic arguments argued that aspects of social structure, specifically those that constitute
social style, are structurally linked and covariant with each other (Petit et al. 1997;
Thierry 2000; Thierry et al. 2008). Citing the detection of strong phylogenetic signals
in some core aspects of macaque social style, they predicted that evolutionary change
in one trait would co-occur with evolutionary change in a suite of other traits, with
such covariation being more perceptible between species rather than within groups of
the same species (Petit et al. 1997; Thierry 2000; Thierry et al. 2008).
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Our findings on Tibetan macaques, and from comparative studies across a range
of macaques, reveal incomplete evidence for such covariation across species and
social style traits. We suggest that the pattern of covariation (and the lack thereof)
that we found is consistent with the notion suggesting that covariation was likely
present in the evolutionary past of the genus but that it has been subsequently
partially offset by more contemporary, quasi-independent responses by macaques
to variation in current conditions.

First, we found a mixture of both despotic and tolerant social style traits in Tibetan
macaques. While aspects of the dominance structure in Tibetan macaques are within
the range of despotic macaques, the structure of affiliative grooming social networks,
male-male ritualized affiliation, and cooperative exchange are all characteristic of
more tolerant societies. Covariation by itself, i.e., that has not been influenced by
adaptive responses, would have been suggested if all these characteristics had showed
moderate despotism or moderate tolerance. Second, our comparative studies revealed
evidence for covariation between dominance traits and social style grade across some
macaques in different phylogenetic lineages, but not across species within the same
lineage. Third, the finding that grooming social network structure was more strongly
influenced by group size than by phylogeny and dominance traits suggests that
covariation was apparently offset by adaptive responses by macaques more recently
in their evolutionary history. In other words, different aspects of social style and social
structure in general likely evolved along more independent evolutionary trajectories,
with some traits more strongly influenced by past ancestry and structural linkage than
others, and others apparently more labile to current conditions.

This view is consistent with the concept of “social reaction norms,” or the idea
that species may respond similarly to major ecological changes, but may have
inherently different ranges of responses to the same conditions, i.e., ranges that are
related at least in part to their ancestry (Berman and Thierry 2010). The concept of
social reaction norms can be seen as a group-level analog of the concept of
interindividual variation in “behavioral syndromes,” in which suites of correlated
behaviors reflect individual variation in behavioral plasticity and in individual’s
capacities to show adaptive responses across multiple environmental situations and
contexts (Sih et al. 2004, 2012).

Having said that, there remain many gaps in our understanding of social style and
social structure in general in Tibetan macaques and in the macaque genus as a whole.
Social style indicators have yet to be examined in many species, and a number of
additional hypotheses about their origins remain to be explored in detail. We end this
chapter by proposing and elaborating on five potentially important avenues of future
research on social styles.

Paternal Kin Relatedness In animal social groups, the relatedness of individuals is
strongly associated with the form, frequency, and distribution of cooperative and
competitive social interactions (Hamilton 1964). In most Cercopithecine primates,
females are philopatric, and there is ample evidence that matrilineal kin bias struc-
tures many aspects of social behavior within groups, more so in despotic species than
tolerant species (Berman 2011; Berman and Thierry 2010; Thierry 2007; Thierry
et al. 2008). As such, maternal kin bias has been considered one of the core
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indicators of a group’s social style (Thierry 2000). In 1979, Altmann suggested that
in addition to matrilineal ties, the structure of within-group relatedness may also be
influenced by mating patterns, specifically by the degree to which individual males
are able to monopolize fertile females (Altmann 1979). Specifically, the frequent
replacement of highly successful males (i.e., males with high reproductive skew)
may lead to age-structured paternal sibships within groups. If this occurs, and if
individuals are able to recognize their paternal kin, inherent tendencies to favor kin
could influence the patterning and distribution of cooperative and competitive
interactions in a group and hence aspects of social style (Widdig 2013).

Recently, Schülke and Ostner hypothesized that the evolution of social tolerance
in some macaque species may in fact be explained by high male reproductive skew
(Schülke and Ostner 2008, 2013). High mean levels of paternal relatedness might
explain why females in tolerant species distribute their affiliative interactions across
a wide range of partners. As evidence for this hypothesis, they found that species of
macaques classified as less nepotistic and more tolerant also showed higher male
reproductive skew (Schülke and Ostner 2008). However, their analyses were limited
by a small sample size and to comparisons of intolerant but seasonally breeding
macaques with tolerant but nonseasonal macaques and hence were unable to control
for the effects of seasonality on reproductive skew. In a second study, they found that
paternal kin bias accounted for a small but significant proportion of the variation in
the strength of grooming social bonds in a captive group of rhesus macaques
(Schülke et al. 2013). Whether the reproductive skew argument can help explain
some or all of the indicators of tolerance in Tibetan macaques is uncertain. Although
male mating success is highly skewed toward dominants and alpha males have
tenures of only a year or two, whether or not this translates into reproductive skew
awaits genetic confirmation of paternity. Also needed are broader comparative
studies that assess possible links between male reproductive skew, paternal related-
ness, and multiple aspects of female social structure.

Disease Risk as a Selection Pressure Traditional socioecological models have
speculated that multiple socioecological factors—natural resource abundance,
clumped, human provisioned food, and changes in predation pressure over evolu-
tionary time—may have all impacted variation in primate social structure (Kappeler
and Van Schaik 2002; Sterck et al. 1997; van Schaik 1989). More recently, the
influence of another ecological factor—disease risk—has also been proposed
(Kappeler et al. 2015; Nunn 2012), but it has remained relatively understudied.
Disease risk may influence primate group living and social life in at least two ways.
First, strong parasite prevalence may encourage more spatially widespread social
groups and subgrouping because it minimizes parasite transmission through social
contact (Kappeler et al. 2015; Nunn 2012; Nunn et al. 2011). Indeed, comparative
studies across a range of primates have found strong, positive correlations between
parasite prevalence or diversity and community substructuring or modularity of
affiliative social networks (Griffin and Nunn 2012; Nunn et al. 2015). This relation-
ship is consistent with the hypothesis that increased parasite risk may have led to the
evolution of increased levels of despotism in some primate groups and species,
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especially given that modular social networks have already been shown to be a
characteristic of such societies (Sueur et al. 2011).

On the other hand, increased parasite risk may also cause animals to seek out
more social partners, because strong and diverse social ties may enhance their social
capital and lower stress levels associated with decreased disease resistance (Cohen
et al. 2007; Kaplan et al. 1991; Sapolsky 2005). In accordance with this “social
buffering hypothesis,” increased disease risk could lead to the evolution of greater
social tolerance (Silk et al. 2003, 2010; Young et al. 2014).

Evidence from macaque species, particularly wild Japanese macaques (MacIn-
tosh et al. 2012; Romano et al. 2016) and captive rhesus macaques
(Balasubramaniam et al. 2016, 2018b), suggests the transmission of gastrointestinal
nematode parasites and gut pathogenic bacteria, respectively, maybe strongly
influenced by the structure of affiliative grooming or huddling social networks.
However, at this time, no comparable data are available for Tibetan macaques.
Nevertheless, given the now well-established impact that parasite risk has on aspects
of primate sociality and health (Kappeler et al. 2015), future research should focus
on further unraveling such links.

Intraspecific Variation In general, comparative studies of variation in primate
social organization and social structure have tended to focus more on interspecific
than intraspecific variation, with the latter often overlooked or not appropriately
accounted for (Clutton-Brock and Janson 2012; Nunn 2011). Given this, a long-term
goal of Tibetan macaque research should be to establish the ecological and evolu-
tionary underpinnings of intraspecific variation in social structure. To date, much of
our understanding of intraspecific variation in Tibetan macaque social structure
stems from longitudinal data collected on a single group at Mt. Huangshan. In one
study, Berman and colleagues found that the extent of grooming kin bias among
females in YA1 varied across seven different data collection periods between
December 1991 and November 2004 (Berman et al. 2008). This variation was
positively correlated to group size, but unaffected by other socioecological factors
(e.g., within-group competition, human presence), leading to speculation that
increased time constraints faced by the macaques when the group size is larger
may influence their social styles (Berman et al. 2008). Later, Balasubramaniam and
colleagues revealed that the steepness of the dominance hierarchy of YA1 females
also varied significantly across six of these periods (Balasubramaniam et al. 2011).
Yet contrary to expectation, steepness was negatively correlated to group size,
leading to the speculation that the macaques responded to human presence by
forming within-group alliances that may in turn have impacted their dominance
style. So whether and how socioecological factors may impact one or more aspects
of Tibetan macaque social structure remains unclear.

Given that the social groups studied at both Mt. Huangshan and Mt. Emei were
subjected to varying degrees of tourism, provisioning, and range restriction (Berman
and Li 2002), comparisons of their social styles with each other and with those of
other wild populations are crucial. Evidence for intergroup differences in aspects of
social structure is available for other free-living macaque species, but somewhat
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mixed. For instance, Majolo et al. (2009) found stark intergroup differences in the
distribution of grooming and post-conflict reconciliation between two wild Japanese
macaque groups of different sizes within the same population. Further, Duboscq
et al. (2013) found between-group differences in rates of approaches, silent bare-
teeth displays, and percentages of counter-aggression by females in two groups of
wild crested macaques at Tangkoko Nature Reserve. On the other hand, a study on
free-ranging rhesus macaques at Cayo Santiago revealed no differences in female
dominance hierarchies, aggression intensities, and post-conflict affiliation rates
across three groups of different sizes (Balasubramaniam et al. 2014). Such findings
warrant establishing potential links (or the lack thereof) between socioecological
factors and intraspecific variation in social structure across groups and populations
of Tibetan macaques as well as other species.

Comparative Studies of Male Social Styles Most of what we know about the
concept of macaque social styles has emerged from studies of female-female social
relationships in captive groups. In comparison, the social relationships of males have
been less intensely studied, with studies on free-ranging and wild populations of
some species having just emerged during the last decade. In the light of this, we
suggest that the time is right for conducting comparative studies of the evolution of
male social styles.

Male relationships among the female philopatric Cercopithecine primates are
expected to be predominantly intolerant or antagonistic. Coalitions are expected to
be primarily (1) conservative to maintain dominance rank and (2) based on partner
availability rather than the establishment of long-term affiliative social bonds among
unrelated males (Cords 2013; Kappeler 2000; Preuschoft and Paul 2000). Yet, there
is also evidence for overt affiliation, social bond investment, and male-male social
tolerance in some species (Ostner and Schülke 2014; Schülke et al. 2010), including
Tibetan macaques (see above). Evolutionary explanations for such evidence remain
somewhat unclear. One possible explanation, proposed above for Tibetan macaques,
involves the emergence of male “tolerant despots,” i.e., the idea that male social
tolerance may be an emergent outcome of a group- or species-typical tendency to
exhibit a generally despotic social style. This may occur when selective tolerance
enhances males’ abilities to compete in a despotic society. Such indicators of social
tolerance maybe a consequence of males’ counter-strategies to deal with generally
heightened levels of within-group resource competition (Ostner and Schülke 2014;
Schülke et al. 2010).

Findings from Assamese macaques also seem to support this explanation. For
instance, both male and female Assamese macaques show steep, linear dominance
hierarchies that are indicative of high within-group competition and a despotic social
style (Balasubramaniam et al. 2012a, b; Cooper 1999; Cooper and Bernstein 2002,
2008). Yet, males also show moderate levels of post-conflict affiliation (Cooper
1999; Cooper and Bernstein 2002, 2008) and form long-term social bonds based on
partner preference rather than partner availability (Kalbitz et al. 2016; Ostner and
Schülke 2014; Schülke et al. 2010). Findings from other species suggest that male
social tolerance, rather than being emergent outcomes of within-group despotism,
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may have socioecological underpinnings. For instance, grooming and alliance for-
mation among male Japanese macaques appear to be more strongly influenced by
between-group mating competition than by within-group competition (Horiuchi
2007). In bonnet macaques, the distribution and abundance of natural resources
may strongly influence male-to-female sex ratios and, thereby, male social strategies
(Ram et al. 2003; Sinha et al. 2005).

When abundant and widespread resources give rise to large, multi-male-multi-
female groups with near-even adult sex ratios, reduced within-group competition
may give rise to unusual levels of social tolerance, ritualized greetings, huddling, and
social grooming among males (Adiseshan et al. 2011; Silk 1994, 1999). When
resources are clumped or seasonal, intense female-female competition may lead to
group-fissioning, resulting in the emergence of atypical unimale troops in several
species (Ram et al. 2003; Sinha et al. 2005). In these contexts, males actively herd
females, defend them against immigrating males by engaging in intergroup encoun-
ters, and remain intolerant of resident juvenile and subadult males (Ram et al. 2003;
Sinha et al. 2005). Such stark differences and explanations for male social strategies
warrant more comparative studies across macaque species that examine the relative
effect(s) of intrinsic characteristics (e.g., female social styles, male despotism) and
extrinsic factors (e.g., resource abundance, intergroup competition, predation) on
male social styles.

Phylogeographic Approaches Finally, comparative studies have now established
that several (but not all) aspects of macaque social structure (Balasubramaniam et al.
2012a, 2018a; Thierry et al. 2008), and more broadly primate sociality (Kamilar and
Cooper 2015), are associated at least in part with species’ ancestral relationships.
What is unclear is whether such phylogenetic signals are reflections of true genetic
linkage or coevolution versus artifacts of adaptive responses by ancestral species to
major environmental changes (Balasubramaniam et al. 2018a). To address this gap,
we recommend that future research should focus on establishing links between
ancestral state reconstructions of primate social structure (Pagel et al. 2004; Revell
2012) and potential changes in historic phylogeographic ranges (Abegg and Thierry
2002; Lemey et al. 2009; Ree and Smith 2008). Such approaches would help
establish whether, for instance, some aspects of social structure coevolved with
major dispersal events or climatic changes toward more resource abundant
(or sparser) environments in the evolutionary past.
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