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ABSTRACT. Recent studies of captive macaques have revealed considerable inter-species differences in
dominance styles among females. In “egalitarian” species such as stumptail (Macaca arcroides) or tonkean
macaques (M. fonkeana), social interactions are more symmetrical and less kin-biased than in “despotic”
species such as Japanese (M. fuscata) or rhesus macaques (M. mulatta). Field observations of moor
macaques (M. maurus), close relatives of tonkean macaques, suggest that tolerance during feeding charac-
terizes their egalitarian dominance style in the natural habitat. Although it has been proposed that
communal defense against other groups may be the main selective force in the evolution of egalitarian
dominance style among females, few field data support this prediction. A game theory analysis showed
that both an “egalitarian” strategy and a “despotic” strategy are possible evolutionarily stable strategies
(ESS) under certain conditions. The difference in dominance styles might reflect the difference in ESS.
This means that an egalitarian dominance style can emerge without strong between-group contest competi-
tion. A phylogenetic comparison among macaques suggests that despotic dominance styles very likely
evolved from egalitarian dominance styles. In the future, primate socioecological studies should pay more
attention to the evolutionary history of each species.
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INTRODUCTION

Since the pioneering studies on Japanese macaques (Macaca fuscata) in-the 1950s (e.g.
Kawal, 1958; KAwAMURA, 1958), it has been believed that social interactions' in macaque
groups are strongly influenced by dominance and kinship. Recent studies of captive macaques
have revealed considerable inter-species differences in the effects dominance and kinship have
on social interactions. These differences are summarized as a contrast in dominance style (DE
WaAL & LUTTRELL, 1989). “Egalitarian” species such as stumptail (M. arctoides) or tonkean
macaques (M. fonkeana) exhibit (1) less severe (but sometimes more frequent) aggression, (2)
greater symmetry in contests (more-counter attacks), (3) higher rate of affiliation such as
grooming, (4) higher rate of peaceful post-conflict contacts or “reconciliation,” and (5) less
effect of kinship on social interactions than “despotic” species such as Japanese (M. fuscata) or
rhesus macaques (M. mulatta) (DE WAAL & LUTTRELL, 1989; THIERRY et al., 1994). Barbary
macaques (M. sylvanus), bonnet macaques (M. radiata), lion-tailed macaques (M. silenus), and
macaques living in Sulawesi Island have been classified as egalitarian species (DE WAAL &
LUTTRELL, 1989; MOORE, 1992; THIERRY et al., 1994; PREUSCHOFT, 1995). o

In contrast to captive studies, few field studies have been conducted on the ecology and
social behavior of egalitarian macaque species. Moor macaques in the Karaenta Nature Reserve,
South Sulawesi, Indonesia, have been observed intermittently by Japanese researchers since
1981 (WATANABE & MATSUMURA, 1996). Intensive observation of their ecology and social
behavior started in 1988 on the basis of individual identification. Results of these studies on
wild moor macaques suggested that tolerance during feeding among non-related individuals
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characterizes their egalitarian dominance style in the natural habitat. Encounters within Im
among adult females during feeding were frequent and symmetrical (MATSUMURA, in press), and
kinship had little effect on spatial proximity among group members during feeding (MATSUMURA
& OKAMOTO, 1997).

Several authors have tried to explain the reason why dominance styles differ between
macaque species. VAN SCHAIK (1989) argued that strong contest competition between groups
would make female relationships more egalitarian, with special reference to macaques living in
Sulawesi. In this paper, I examine whether strong between-group competition is found in egali-
tarian species before presenting an alternative explanation for the evolution for dominance styles
by using two methods common in evolutionary ecology: game theory approaches (MAYNARD
SmiTH, 1982; DUGATKIN & REEVE, 1998) and the phylogenetic method for comparison (HARVEY
& PAGEL, 1991). Recently, MATSUMURA and KOBAYASHI (1998) proposed a general model for
dominance relations among group-living animals on the basis of an asymmetric Hawk-Dove
model (MAYNARD SMITH, 1982). They examined how differences in fighting ability and relative
resource value influence dominance relations. I apply their results to the evolution of macaque
dominance style.

In the present paper, I use the term egalitarian as it is used by VAN ScHalk (1989), that is,
weakly linear or shallow dominance relations. In a recent review by STERCK et al. (1997), this
type of dominance was called “tolerant,” while “egalitarian” was fuzzy, non-linear, or lacked
formalized dominance.

Is STRONG BETWEEN-GROUP CONTEST COMPETITION COMMON IN
EGALITARIAN SPECIES?

VAN ScHAIK (1989) argued that Strong Between-Group Contest competition (BGC) would
make female relationships more egalitarian. He assumed that communal defense against other
groups may be the main selective force in the evolution of egalitarian dominance style among
females. That is, subordinate females can force dominant females not to exert their full power to
suppress the subordinates’ food intake. The BGC hypothesis originated from a paper which
mathematically examined a single dominant’s behavior toward the other individuals in a social
group (VEHRENCAMP, 1983). CALDECOTT (1986) proposed another ecological model for behav-
ioral differences among macaque species. His argument, however, concentrated on the mating
strategies of both sexes rather than dominance styles among females. Since the BGC hypothesis
is the only one which tries to explain dominance styles from the viewpoint of adaptive signifi-
cance, many authors have used this hypothesis in their papers (PREUSCHOFT, 1995; AURELI et al.,
1997; STERCK et al., 1997).

The BGC hypothesis, however, does not appear to fit moor macaques. Although the popula-
tion density at Karaenta is high (WATANABE & MATSUMURA, 1996; MATSUMURA, in press), no
aggressive behavior of females during 16 intergroup encounters was observed during four
months of observation in 1990—1991 (MATSUMURA, in press). Therefore, egalitarian relation-
ships would not be expected to emerge. This conclusion was not altered by our successive
observation. Few aggressive behaviors by females were seen during 30 months of observation
between 1990 and 1997 (OKAMOTO & MATSUMURA, unpubl. data).

Moreover, from the available literature I can find no clear evidence to support that BGC in
egalitarian macaques is stronger than that in despotic macaques. A study of Sulawesi crested
macaques (KINNAIRD & O’BRIEN, 1994) suggested that the degree of BGC changed in relation to
the abundance and distribution of fruiting trees. This was later referred to as the only evidence
of strong BGC in egalitarian macaques (STERCK et al., 1997). Although intergroup encounters in
wild Barbary macaques have been studied (DEAG, 1973; MEHLMAN & PARKHILL, 1988), the
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frequency appears to be “well within the range reported for other wild and free-ranging
macaque species” (MEHLMAN & PARKHILL, 1988). Barbary macaques were sometimes consid-
ered to have more peaceful intergroup relationships than most other species (WRANGHAM, 1980,
p.287). For stumptail macaques, only anecdotal episodes of communal defense by adult males
have been reported (BERTRAND, 1969; DE WaAL, 1989). In contrast, many field studies of
despotic species reported severe aggressive behavior of adult females during intergroup encoun-
ters (LINDBURG, 1971; MARUHASHI, 1982; CHENEY, 1987).

DOMINANCE STYLES AND A GAME THEORY APPROACH

Dominance relations between two individuals in a social group are characterized by a consis-
tent outcome of agonistic interactions (DREWS, 1993). It has been pointed out that dominance
relations within social groups are characterized by the subordinate’s behavior rather than by the
dominant’s (ROWELL, 1974; BERNSTEIN, 1981). Contest over resources appears to be avoided by
the subordinate’s avoidance or retreat from resources occupied by more dominant individuals
(FuruicHi, 1983). Escalated fights are infrequently seen after the dominance relation between
two individuals is settled. These characteristics are reminiscent of a conditional strategy in the
Hawk-Dove game (MAYNARD SMITH, 1982): they appeared to play ‘Hawk, if dominant’ and
‘Dove, if subordinate.” Since the optimal strategy for a given individual to compete for
resources depends on behavioral strategies of other group members, we should consider an
evolutionarily stable strategy (ESS) (MAYNARD SMITH & PRICE, 1973; MAYNARD SMITH, 1982).
Once all animals in a population adopt an ESS, an animal cannot achieve greater success by
adopting any other strategy. If a behavioral strategy is not an ESS under the given condition, the
strategy cannot evolve.

The players of a typical Hawk-Dove game have two choices at an encounter over a resource,
i.e. Hawk or Dove (Table 1a). Hawks always fight over a resource in an escalated manner, while

Table 1. Payoff matrixes of Hawk-Dove games.

(a) Simple Hawk-Dove game

Opponent’s choice

Hawk Dove
Own choice Hawk 0.5V-0.5C \Y%
Dove 0 0.5V

(b) Hawk-Dove-Bourgeois game

Opponent’s choice

Hawk Dove Bourgeois
Own choice Hawk 0.5V-0.5C \Y% 0.75V-0.25C
Dove 0 0.5V 0.25V
Bourgeois 0.25V-0.25C 0.75V 0.5V

(c) Original Hawk-Dove-Retaliator game

Opponent’s choice

Hawk Dove Retaliator

Own choice Hawk 0.5V-0.5C \Y% 0.5V-0.5C
Dove 0 0.5V 0.5V
Retaliator 0.5V-0.5C 0.5V 0.5V

For detailed assumptions, see MAYNARD SMITH (1982). V: Resource value; C: cost of injury. Hawk: escalate and continue
until injured or until opponent retreats. When Hawk meets another Hawk, it wins on half of the occasions. If it loses, it
suffers injury. Dove: display; retreat at once if opponent escalates. When Dove encounters another Dove, it shares the
resource with the opponent. Bourgeois: behave like Hawk if owner; behave like Dove if intruder. Retaliator: behave like
Dove, but behave like Hawk if opponents escalate.
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Doves retreat without an escalated fight if the opponent escalates. If the value of a resource (V)
exceeds the cost of injury (C), mutant strategists cannot enter a population wherein all individ-
uals adopt the Hawk strategy. Thus, the Hawk is an ESS if V>>C. Hawk cannot, however, be an
ESS if V<C. Under this condition, a mixed strategy which plays Hawk with a probability V/C
and Dove with a probability of 1-V/C is an ESS. If an asymmetry in ownership of territories is
introduced (MAYNARD SMITH, 1982), the Bourgeois strategy, with which the individual behaves
like ‘a Hawk, if it is owner’ and ‘a Dove, if it is intruder’ can be an ESS (Table 1b).

MATSUMURA and KoBAYASHI (1998) showed that if an asymmetry between group members is
considered instead of ownership asymmetry, a Bourgeois-like strategy based on the asymmetry
can be an ESS. When all group members adopt a Bourgeois-like strategy, in a certain dyad one
individual consistently acquires resources while the other retreats. The observer sees the Hawk
as dominant and the Dove as subordinate. In this paper, I call this type of Bourgeois-like
strategy the Despotic strategy, since it has been reported that subordinate adult female Japanese
macaques tend to avoid unrelated dominants during feeding (FURUICHI, 1983; SAlTO, 1996).

A high level of tolerance during feeding in egalitarian species (PETIT et al., 1992; MATSUMURA,
in press) suggests that animals may not adopt the Despotic strategy. A high possibility of
counter-attack during agonistic interactions (THIERRY, 1985; DE WAAL & LUTTRELL, 1989) is
reminiscent of the ‘Retaliator strategy’ (MAYNARD SMITH, 1982). The Retaliator behaves like a
Dove against a Dove or another Retaliator, but if its opponent escalates, the Retaliator also esca-
lates and acts like a Hawk (Table 1¢). MATSUMURA and KoBAYASHI (1998) also showed that the
Retaliator strategy can be an ESS irrespective of the asymmetries between group members.
When all group members adopt the Retaliator strategy, the observer sees it as if they usually
play Dove and share resources. However, the Retaliator would respond with escalation against
the opponents’ accidental escalation. I call the Retaliator strategy here the Egalitarian strategy.

Once all animals in a population adopt either of the ESSs, an animal cannot achieve any more
success by adopting any other strategy than the ESS. When the Despotic strategy is an ESS and
all members adopt it, animals in the “subordinate role” should choose avoidance rather than
escalation because the expected benefits of escalation are outweighed by the risk of injury.
When the Egalitarian strategy is an ESS and all members adopt it, animals in the “dominant
role” should share the resource with the opponents. If they escalate, the opponents also escalate.
The risk of injury exceeds the expected benefits of winning.

Thus, the difference in dominance style may reflect the difference in strategy of contest over
food. Namely, in despotic species all animals adopt the Despotic strategy, while in egalitarian
species all animals adopt the Egalitarian strategy. Each dominance style can be observed in
species under conditions where the respective strategy is an ESS. The important point is that
under broad conditions both the Despotic strategy and the Egalitarian strategy can be ESSs
simultaneously (MATSUMURA & KoBAYASHI, 1998). This implies that the characteristics of
dominance relations in a population can not be determined simply by ecological conditions.

DOMINANCE STYLES AND PHYLOGENETIC RELATIONSHIPS

When comparing certain characteristics between species, their phylogenetic relationships
should be taken into consideration (PAGEL & HARVEY, 1989; HARVEY & PAGEL, 1991). CHAN
(1996) carried out a pioneer study on reproductive and social features in macaque species by
using the phylogenetic method, although he did not consider the dominance styles among
females. THIERRY et al. (1994) noted the importance of a phylogenetic perspective for discus-
~ sion of dominance styles.

Macaque species were divided into four species groups by FOopeEN (1976) on the basis of
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Table 2. Female dominance styles of each macaque species.

Species EorD References

Silenus-sylvanus group

M. sylvanus E PREUSCHOFT, 1995; AURELI et al., 1997
M. silenus E PREUSCHOFT, 1995; ABEGG et al., 1996
M. nemestrina D? THIERRY et al., 1994
M. nigra E PETIT & THIERRY, 1994; PETIT €t al., 1997
M. nigrescens
M. hecki
M. tonkeana E THIERRY, 1985, 1994; PREUSCHOFT, 1995
M. ochreata
M. brunnescens
M. maurus E MATSUMURA, 1996, in press
Sinica group
M. sinica
M. radiata E? MOORE, 1992; THIERRY et al., 1994
M. assamensis
M. thibetana E? OGAWA, pers. comm,

Arctoides group
M. arctoides E DE WAAL & LUTTRELL, 1989; BUTOVSKAYA, 1993

Fascicularis group

M. fascicularis D THIERRY, 1985; BUTOVSKAYA, 1993; AURELI et al., 1997

M. mulatta D THIERRY, 1985; DE WAAL & LUTTRELL, 1989; BUTOVSKAYA, 1993
M. cyclopis

M. fuscata D CHAFFIN et al., 1995; PETIT et al., 1997; AURELI et al., 1997

E: Egalitarian; D: despotic.

morphology of the sexual organs. FOODEN (1976) suggested that the widely disjointed pattern of
distribution of the silenus-sylvanus group implies an early spread, followed later by the moder-
ately disjointed sinica group, with the final dispersal of the contiguously ranging fascicularis
group. These species groups are largely compatible with the phylogenetic tree obtained from
morphological and molecular genetic studies, although many authors consider that the arctoides
group is a sister group of the sinica group and that M. sylvanus separated from other species at a
very early stage (DELSON, 1980; FOODEN & LANYON, 1989; Fa, 1989).

Table 2 summarizes dominance styles exhibited by various macaques species. Although M.
radiata has been treated as an egalitarian species (MOORE, 1992; THIERRY et al., 1994), system-
atic comparisons have not been carried out yet. THIERRY et al. (1994) further suggested that M.
nemestrina are despotic, but sufficient data are not available. Most species of the early spread
silenus-sylvanus group exhibit an egalitarian dominance style, while species of the fascicularis
group are despotic in dominance style (Table 2).

A phylogenetic analysis was carried out using MacClade 3.0.5 (MADDISON & MADDISON,
1992). The phylogenetic tree in CHAN (1996), which was based on FOODEN (1980), DELSON
(1980), MELNICK and KIDD (1985), and FOODEN and LANYON (1989), was used in the present
analysis. The two values, Consistency Index (CI) and Retention Index (RI), were calculated by
the program. In short, a high CI means a strong phylogenetic influence and the likelihood of
similarities due to common descent, and a high R/ means a strong likelihood that character state
would be retained once it had evolved (CHAN, 1996; WIMBERGER & QUEIROZ, 1996). Both indices
range from zero to one. The present analysis suggested that dominance styles are influenced by
phylogeny (CI=0.50; RI=0.67). We can postulate that ancient types of macaques might have
exhibited an egalitarian dominance style, with a later shift to a despotic dominance style (Fig. 1).
Moreover, despotic dominance styles may have evolved twice independently.
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Fig. 1. Female dominance styles and the phylogenetic relationship among macaque species (C/=0.50;
RI=0.67).

The possible shift from egalitarian to despotic agrees with results of the game theory approach.
An accidental shift from the state wherein all individuals adopt the Egalitarian strategy to the

state wherein all adopt the Despotic strategy should occur more easily than vice versa
(MATSUMURA & KOBAYASHI, 1998).

DISCUSSION

The socioecological model of VAN ScHAIK (1989) has attained general success in explaining
variations of female relationships in primates. The predictions of the model were generally
supported by recent studies (e.g. MITCHELL et al., 1991; BORRIES, 1993; BARTON et al., 1996;
STERCK & STEENBEEK, 1997), and the model was extended by STERCK et al. (1997). However,
the model does not explain the difference in dominance styles of female macaques. There is no
clear evidence of strong BGC (between-group contest competition) in egalitarian macaque
species as the model predicted. Since macaques have been studied intensively, behavioral varia-
tions in the genus are known in more detail than those in other genera. Similar unexplained
differences may be found in other genera when more detailed studies ar¢ made.

The present paper suggests that the difference in dominance styles among macaque females
might be explained without strong BGC if the results of the game theory analysis of dominance
relations (MATSUMURA & KOBAYASHI, 1998) are considered. The different dominance styles may
reflect different behavioral strategies of contest over food, i.e. the egalitarian strategy and the
despotic strategy. Each strategy can be an ESS under certain conditions. Animals should change
their behavior in response to social environments as well as natural environments. The “best”
behavioral strategies for one animal would depend on the behavior of its other group members.
The ESS approache is needed when we discuss social behavior or social systems.

Several factors could influence which strategies can be ESSs and how stable these ESSs are.
Ecological factors such as the distribution and abundance of food are important because they
affect the value of the resource under competition. Relatedness between group members also
influences ESSs because the payoff in contests changes according to the relatedness between
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the two individuals. MOORE (1992) has already pointed out possible influences of relatedness on
dominance styles.

It seems important that both the egalitarian strategy and the despotic strategy can be ESSs
simultaneously under broad conditions (MATSUMURA & KOBAYASHI, 1998). Although STERCK et
al. (1997, p.296) suggested that the shift from one type of female social relationship to another
would be seen at the critical point of ecological conditions, ecological factors need not deter-
mine social systems linearly. Different types of social systems can be observed in the same
environment. A macaque example would be helpful. This non-linear relationship makes it
possible for epigenetic social processes to play a role in determining social systems (THIERRY,
1990). The present study, however, does not provide an ecologically neutral hypothesis, since
ecological conditions influence which strategies can be ESSs and how stable the ESSs are.

As CHAN (1996) noted, the adaptive nature of socioecological features has been overempha-
sized in the primatological literature (WRANGHAM, 1980; DUNBAR, 1988; VAN SCHAIK, 1989). On
the other hand, Japanese primatologists have traditionally emphasized phylogeny in the discus-
sion of primate social structure (e.g. ITANI, 1977). Primatologists need to pay greater attention to
the evolutionary history of the species being compared. Current evolutionary biologists now
agree upon the use phylogenetic trees for comparative analysis (HARVEY & PAGEL, 1991). The
phylogenetic method has been used implicitly in comparison of both behavior and vocalizations
(e.g. WASER, 1980; Mori, 1983). If a social system is recognized as a product of the social
behavior of individuals (HINDE, 1983), phylogenetic influences on social systems would be
expected. The present study also suggests that the evolutionary equilibrium of social systems
works as a kind of phylogenetic constraint.

The variations between populations or the differences between dyads should be examined,
if we can obtain enough data to analyze. The present study considered female dominance styles
as the general nature of each species. If some differences between populations within a species
are found, similar phylogenetic analysis can be done within the species. The distribution of
types of male-male relationships in the macaque phylogeny may differ from that of female-
female relationships, because the behavioral strategies can differ between classes.
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