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Part II

Chapter

9
Comparative Pitheciid Ecology

Male cooperation in Pitheciines: the reproductive
costs and benefits to individuals of forming large
multimale/multifemale groups
Paul A. Garber &MartinM. Kowalewski

Primates differ from many other animal lineages in that they
show rather good evidence of cooperation, especially in long-
term relationships. (van Schaik & Kappeler 2006, p. 13)

Introduction
Traditional approaches to the study of primate sociality have
highlighted predator protection as a primary benefit of group
living, and argue that factors such as aggression, dominance
and feeding competition constrain or determine group size,
group composition and the nature of social interactions
among individual group members (van Schaik 1983, 1989;
Janson & Goldsmith 1995; Sterck et al. 1997; Chapman &
Chapman 2000; Janson 2000; Kappeler & van Schaik 2002).
In particular, both the socioecological model and the ecological
constraints model describe a set of resource conditions
(clumped and monopolizable resources of intermediate size
relative to group size) and competitive regimes under which
within-group contest competition for food, especially among
females and unrelated individuals, is expected to be severe,
agonistic and frequent (van Schaik 1989; Sterck et al. 1997).

Moreover, it is argued that the costs of feeding competition
increase with group size, as individuals are required to travel
greater distances to locate more productive feeding sites or
experience elevated predation risk by foraging in small, scattered
parties in order to encounter sufficient resources (Janson &
Goldsmith 1995; Sterck et al. 1997; Koenig et al. 1998; Chapman
& Chapman 2000; Janson 2000). Even under conditions in
which food patches are small, dispersed, and nonmono-
polizable, these models suggest that group members compete
through a process of avoidance and scramble competition
(Sterck et al. 1997; Chapman & Chapman 2000; Steenbeek &
van Schaik 2001; Snaith & Chapman 2005). The major limita-
tions of these approaches are their focus on competition and
aggression as the main factors driving within-group social rela-
tionships and primate social organization, and their lack of
attention to the joint reproductive benefits both males and
females receive as members of a functioning, integrated,
cooperative and stable social unit (Sussman & Garber 2007).

Over the past few years, a series of papers have been pub-
lished (Dugatkin 1997; Nunn 2000; Chapais 2006; van Schaik &
Kappeler 2006; Sussman & Garber 2007) that provide strong
empirical and theoretical support for models of primate social-
ity based on patterns of affiliation, cooperation, reciprocity and
mutualism. These studies build on the work of Hamilton
(1964), Trivers (1971) and Axelrod and Hamilton (1981) in
defining and expanding the set of social and ecological condi-
tions under which cooperative behaviors are expected to evolve
and be maintained as an evolutionary stable strategy.

Here we define cooperation as coordinated “actions or traits
that benefit other individuals” (van Schaik&Kappeler 2006, p. 3).
Cooperation can take several forms, including altruism, reci-
procity or mutualism. Altruism is a unilateral interaction with
high benefits for the recipient and high costs for the donor, and
no expectation of reciprocation, which is usually explained
through kin selection (Hamilton 1964). In reciprocity, benefits
to the recipient are variable, and immediate costs to the donor are
low tomoderate. In this case, the donor receives eventual benefits
through future reciprocal actions of the recipient. Where the
immediate costs to the donor are low [Trivers’s (1971) tit-for-
tat strategy] or the long-term benefits are high (e.g. friendships,
cooperative hunting, alliance partners: Boesch et al. 2006; Smuts
1997), reciprocally cooperative relationships are expected to be
based more on partner competency than kinship (Goldberg &
Wrangham 1997; Noë 2001; Chapais 2006; Mitani 2006).
Mutualism brings either benefits to both actors, or benefits the
recipient at no cost to the donor (Dugatkin 1997). As returns are
immediate, such relationships do not require book-keeping of
cost–benefit ratios or sanctions against defectors. We argue
that mutualisms and reciprocity, based principally on partner
competency, represent a critical factor driving affiliative social
interactions and social organization in many primate species
(Chapais 2006; Sussman & Garber 2007).
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Pitheciines
In this chapter we examine the published literature on pat-
terns of social interactions and cooperative behavior among
adult male pitheciines (Pithecia, Chiropotes and Cacajao).
Compared to most other New World primate taxa, bearded
sakis and uacaris live in relatively large social units that
contain as many as 10–16 adult males (Table 9.1). Although
it is often assumed that resident adult male primates compete
aggressively for access to reproductive partners, in several
species of New World monkeys there is evidence of high
levels of within-group tolerance among males (Table 9.1).
We explore several theories of social cooperation in order to
evaluate the set of factors that promote adult male affiliation
in pitheciines.

Pithecia
Pithecia appears to represent a basal member of the pitheciine
clade (Bonvicino et al. 2003; Schneider & Rosenberger 1996).
Although once considered to mate monogamously and live in

a pair-bonded social system (Buchanan et al. 1981), there is
growing evidence, at least in Pithecia pithecia (Lehman et al.
2001; Norconk 2011), Pithecia hirsuta (Soini 1986) and Pithe-
cia albicans (Peres 1993), that stable groups may contain as
many as 8–12 individuals including 1–4 adult males and 1–3
adult females (Table 9.1).

Pithecia are characterized by a well-developed set of scent
glands (Buchanan et al. 1981; Norconk 2011) and, in the case
of white-faced sakis (P. pithecia), males are reported to scent
mark more than females. Norconk (2011, p. 131), citing a
personal communication from T. Gleason, writes “… adult
males huddled, rubbed their chests against each other, and
possibly exchanged scent just prior to some inter-troop
encounters”. In addition, monk sakis (Pithecia monachus) have
been observed to engage in frequent allogrooming involving
most group members (Moynihan 1976). Scent marking and
allogrooming appear to represent important tactile and olfac-
tory mechanisms used by male sakis to promote affiliative
bonds, coordinate social interactions and maintain group
cohesion.

Table 9.1 Demographic, social and reproductive characteristics of pitheciine and atelid genera. Based on a compilation of data from Masterson and Hartwig
(1998), Ford (1994), Di Fiore and Campbell (2007), Kowalewski (2007), and Norconk (2006, 2007).

Variable Pitheciinae Atelidae

Pithecia Chiropotes Cacajao Alouatta Lagothrix Ateles Brachyteles

Group size 1–12 19–44 1–>108
(200?)

6–40 10–49 12–42 7–63

# of males per group 1–4 1–8 16 1–6 2–11 3–6 4–21

# of females per group 1–3 8–10 16 1–15 3–15 5–18 3–28

Within-group male affiliation
and social tolerance
(grooming, proximity, lining
up, tail wagging)

Low/medium High High Low/medium Medium High High

Within-group contest feeding
competition (aggressive)

Low Low Low Low Low Low Low

Dispersal Bisexual Female-
biased

? Bisexual Bisexual (?) Female-
biased

Female-
biased

Sexual dimorphism –
body mass

Medium/high
1.02–1.47

Low
1.08–1.26

Low
1.08–1.26

High
1.31–1.48

Low–
medium
1.04–1.45

Low
0.85–1.2

Low
1.283

Sexual dimorphism –
canine size2

1.17 1.06 1.19 1.25–1.33 1.07–1.22 1.10–1.13 1.15

Sexual dichromatism Yes (some
species)

No Very low to
some (1
species)

Yes (some
species)

No No No

Testis size/color difference ? Yes (color) ? Yes (color) ? No Yes (size)

Testis size/body mass3 5.8 × 10–4 ? 1.7 × 10–3 3.2 × 10–3 2.1 × 10–3 1.7 × 10–3 ?

Intergroup encounter
(collective male defense)

Yes Yes ? Yes Yes Yes Yes

Females receptive across year ? Yes ? Yes Yes Yes Yes

Pithecia
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Chiropotes
Species of the genera Chiropotes live in multimale/multifemale
groups containing up to 44 individuals, although groups of
approximately 20 individuals are more common (Table 9.1).
van Roosmalen et al. (1981) and Norconk (2007) indicate that
Chiropotes social groups travel as a cohesive unit, although
they may divide into smaller subgroups to exploit nearby
feeding trees. This has been described as a type of fission–
fusion social system (Peetz 2001; Veiga et al. 2006). In Chir-
opotes albinasus and Ch. satanas, stable groups composed of as
many as 15 adult males and 13 adult females have been
reported (Norconk 2011; Veiga & Ferrari 2006). Regardless
of group size, the ratio of adult males to adult females is often
close to 1 : 1 (Table 9.1; see also table 8.1 in Norconk 2011).
Although only a few long-term studies of bearded saki social
organization exist, observations of lone females in Ch. chiro-
potes (Peetz 2001) and Ch. satanas (Veiga & Silva 2005) sug-
gest the probability of female dispersal. Male dispersal is less
clear, but it is possible that as in atelines (Strier 2000; Di
Fiore & Campbell 2007), male bearded sakis either are philo-
patric or disperse less frequently than females (Veiga, pers.
commun.).

Recent studies indicate high levels of affiliative behavior
among male Chiropotes. In a 16-month study of a group

containing 12–15 adult male and 9–13 adult female Ch. sata-
nas in Brazil, Veiga et al. (2006) found that males were con-
sistently more affiliative to each other than they were to
females. In addition, adult males were each other’s nearest
neighbors 63.7% of the time compared to 15.9% for adult
females. In addition to social proximity, over 90% of adult
male social interactions were affiliative and included social
resting, allogrooming, alliance formation and “lining-up”
behavior. Lining-up is a highly ritualized behavioral pattern
of body contact between adults which appears to include the
exchange of tactile and olfactory information through scent-
marking and grooming. In a second study, Peetz (2001) also
observed lining-up behavior in male Ch. chiropotes in Vene-
zuela. In this study, 17.9% of the activity budget involved social
interactions, and 83.7% of which were affiliative.

A second ritualized behavioral pattern described for Chir-
opotes (and Cacajao) is tail wagging, which is “accompanied by
vocalizations, occurs in a variety of contexts from mild to
severe agitation … [and functions during the] … reunion of
group members, and group reorganization after rest or feeding
periods” (Norconk 2011, p. 129). Both behavioral patterns
function to reinforce social bonds, reunite group members,
and promote affiliative and cooperative behaviors.

Finally, recent observations by Veiga (pers. commun.) of
Ch. satanas at Tucuruí in Brazil indicate that females are

Table 9.1 (cont.)

Variable Pitheciinae Atelidae

Pithecia Chiropotes Cacajao Alouatta Lagothrix Ateles Brachyteles

Female promiscuity ? ? Some
evidence

Yes Yes Yes Yes

Within-group male intrasexual
tolerance during copulations

? ? Yes
(limited
data)

In some
species

Yes No (?) Yes

Groups with within-group
adult sex ratios approaching
1 : 1 (female : male)

Yes
(0.67–3)

Yes
(1.12–5)

Yes
(1)

Yes
(0.7–4.2)

No
(1.3–2.8)

Yes
(0.8–4.4)

Yes
(0.9–2.4)

Interbirth interval (months) 15–36 24 ? 15.9–22.5 36.7±4.7 31.9–50 36.4±4.3

Female mate choice Weak Strong Strong Weak in some
species and
strong in
others

Strong Strong Strong

Seasonality of births Dry season
(also late dry
to early wet)

Wet
season
(also late
wet to dry)

Oct–Nov
(dry
season)

Depends on
the site (with
and without)

Late wet/
early dry
season

Some
(it varies)

Dry season

Expected forms of male social
cooperation

Mutualism Mutualism/
reciprocity

Mutualism/
reciprocity

Mutualism Mutualism/
reciprocity

Reciprocity/
mutualism

Reciprocity/
mutualism

1 Kay et al. (1988), Bowler (pers. commun.); 2canine dimorphism index (CDI) from Kay et al. (1988). If this index is 1.00, there is no canine dimorphism and it would
be 2.00 if male canines are twice as large as those of females; 3Harcourt et al. (1995).

Male cooperation in Pitheciines
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sexually receptive throughout the year, including periods in
which they are transporting small infants and lactating. Female
receptivity during non-fertile periods is likely to have an
important effect on reproductive strategies, male–female social
and reproductive bonds, and the degree to which any single
male can monopolize access to females.

Cacajao
Uacaris are the largest-bodied pitheciines, and live in
extremely large multimale/multifemale groups (Ayres 1989;
Defler 1999; Barnett 2005). In Cacajao calvus, groups can be
as large as 70–150 individuals, including possibly 30 adult
males (Bowler 2007). Defler (2001) indicates that, although
most groups of Cacajao oukary contain 20–30 animals, he
observed a temporary group that may have approached 200
animals. Bowler (2007) reported an average group size of 43.5
at Largo Preto, Peru. Despite their large size, uacari troops
appear to be relatively stable, traveling and foraging together
“in a coordinated fashion for several days” (Defler 1999, p. 6).

Uacari social interactions and spatial organization have
been described as a type of fission–fusion social system, pos-
sibly in response to changes in the distribution, availability and
productivity of feeding sites (Barnett 2005). In comparison to
chimpanzees and spider monkeys (Ateles), however, uacari
(Cacajao melanocephalus) subgroups are relatively large, with
counts of 21–30 animals the most common, and subgroups
containing 31–100 animals were as common as those of 11–20
(Defler 1999).

In C. calvus, larger subgroups or fission–fusion parties
occur during periods of mature fruit abundance and smaller
and more scattered foraging parties are reported in the dry
season (Ayres 1989). Subgroups may disperse over an area of
1–2 km, but coordinate their activities using an extensive
repertoire of contact vocalizations.

Despite large group size and the presence of many resident
adult males, Boubli (1999) observed virtually no aggressive
interactions during a 16-month study of C. melanocephalus
in Brazil. Similarly, Cunha and Barrett (1989, cited in Barnett &
Brandon-Jones 1997) indicate high levels of male–male toler-
ance in their study groups of C. ouakary. Male–male tolerance
and cooperation may play a role in predator protection and
intergroup encounters. In C. ouakary and C. melanocephaus,
Barnett et al. (2005) report that males may remain behind after
the rest of the group has left to distract or confront a potential
threat. In captivity, same-sex adult uacaris (C. c. calvus) also
are reported to be highly tolerant of one another (Barnett &
Brandon-Jones 1997).

In a recent study of C. calvus ucayalii, Bowler (2007)
observed all male subgroups of up to 10 individuals on the
periphery of large bisexual groups. This author suggests that
similar-aged males develop strong social bonds as juveniles
which continue when they form bachelor groups. While at
least some of these males are almost certainly related (as sibs,
half sibs or cousins), the absence of genetic studies impedes a

more systematic understanding of the role of kinship in the
cooperative relationships of male uacaris.

Discussion
The pitheciines are characterized by social groups containing
multiple adult males and females. Direct evidence of within-
group contest competition at feeding sites is extremely limited,
whereas affiliative and cooperative social interactions among
same-sex adult group members, especially males, appears to be
common (Peetz 2001; Veiga & Silva 2005). Given the paucity
of long-term studies of individually marked pitheciines, the
discussion that follows is best considered a starting point from
which to examine the social and reproductive costs and benefits
of forming large multimale–multifemale (“multi”) groups. The
presence of stable multi groups across a wide range of primate
taxa highlights the reproductive advantages for both males and
females of residing in a large troop (Table 9.2).

Why form multimale–multifemale groups?
Due to the relatively high costs and slow rate of reproduction,
related primate females may tend to aggregate in an attempt to
increase their access to feeding sites, reduce predation risk and
enhance offspring survival (van Schaik 1983, 1989). Although
this may help to explain the spatial distribution of many matri-
lineal species, it is less clear how it applies to primates with male
philopatry (Strier 1999; Kowalewski 2007). Females may benefit
from the presence of several adult males if this guarantees them
access to high-quality feeding sites, protection from predators,
group stability (reduction in the invasion of potentially infanti-
cidal males) and increased mate choice (van Schaik et al. 1999;
Crockett & Janson 2000; Pereira et al. 2000; Kowalewski 2007;
Kowalewski & Garber 2010).

Males, in contrast, may respond to the distribution of
females by developing strategies for increasing their access to
mating partners (Altmann 1990; Nunn 2000). This can occur
in several ways, including (a) forming a pair bond or harem
(monopolization), (b) forming small multi groups in which
access to fertile females is constrained by a rigid male domin-
ance hierarchy or mate guarding, and (c) forming larger multi
groups in which male social interactions are cooperative, non-
hierarchical, and all or most resident males have access to
receptive females (Table 9.2) and act collectively to exclude
extragroup males (Nunn 2000; Pereira et al. 2000; Strier 2000;
Kowalewski 2007).

Nunn (2000) describes a set of alternative models for
examining within-group cooperative behaviors in male
primates that promote what he terms the “collective good”.
Under conditions in which multimale groups are characterized
by a rigid linear male hierarchy, the dominant male is
the primary breeder and females are receptive only during
ovulation, subordinate resident males obtain few direct bene-
fits (possibly long-term expectation of inheriting the dominant
breeding position) while incurring potential costs (e.g. injur-
ies) when aiding the dominant male to repel intruders. Under

Discussion
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these conditions, male cooperation will have little effect on
reproductive skew, as the dominant male is the principle
breeder. In contrast, in species characterized by less-rigid hier-
archies in which all or most males have at least some access to
receptive females, all resident males benefit from the collective
defense of receptive females. Assuming that collective action is
more effective than individual defense, each male increases his
probability of siring offspring in the group (Table 9.2), while
the per-capita costs of collective action, whether fighting,
chasing, or vocal battles, decrease.

A model of benefits and costs of male cooperation
in pitheciines
We begin with the assumption that group size, social organiza-
tion and behavioral interactions in many primate lineages are
determined more by reproductive strategies and demographic
parameters than foraging constraints. Bisexual dispersal and
female-biased dispersal are common in platyrrhines (Strier

1999, 2000; Steenbeek & van Schaik 2001; Jack 2007). Whereas
in the former both males and females must make dispersal
decisions, in species with male philopatry, the selection of
target groups for dispersal is the responsibility of females.

Within this framework, comparisons with the atelids (Table
9.1) may provide important insights into male cooperation and
social strategies in pitheciines, especially considering that this
platyrrhine group probably represents the sister taxon of the
Pitheciidae (Schneider & Rosenberger 1996). In Brachyteles and
Ateles, dispersal is female-biased, established groups are largely
composed of male patrilines with unrelated adult females, and
within-group social bonds among adult males are highly affilia-
tive and cooperative (Strier 1992; Di Fiore &Campbell 2007). In
these taxa, females are promiscuous, actively solicit copulations
from males, appear to exercise mate choice and are receptive
outside of their fertile periods (Table 9.1). Female receptivity
during non-fertile periods may reinforce male cooperative mate
defense, as well as strengthen sociosexual bonds between males
and females. In the case of the northern muriquis (Brachyteles

Table 9.2 Expected effects of within-group male intrasexual social tolerance on reproductive strategies and biology in species characterized by different
dispersal patterns. We assume that the majority of new groups form by the fissioning of established groups and therefore individuals may receive benefits from
maintaining long-term social bonds with natal group members. In species in which males have reduced intrasexual tolerance, the number of co-resident males
will be relatively small.

Dispersal pattern: Bisexual dispersal
Female dispersal/
male philopatry

Sociosexual
parameter

Level of male tolerance
within group:

Intolerant or lower male
intrasexual tolerance

Higher male
intrasexual tolerance

Higher male
intrasexual tolerance

Per capita cost of female defense Higher Lower Lower

Risk of infanticide Higher Low Lowest

Per-capita cost of predator detection Higher Lower Lower

Male reproductive tenure Lower High Highest

Ability of males to monopolize matings Highest Lower Lower

Access to a larger number of females Lower Higher Higher

Mate guarding Higher Lower Lower

Cost to male of entering a new group High Lower Highest

Body/canine size dimorphism Higher Lower Low

Testis size/sperm competition Lower Higher Higher

Opportunities for long-term social bonds
among males

Low High Highest

Opportunities for male–male cooperation Low High Highest

Opportunities for female mate choice Low Highest High

Increased genetic diversity of a female’s
successive offspring

Lower–higher depending
on male tenure in group

Higher High

Effects of female receptivity during non-mating
periods in strengthening male–female social
bonds

Lower Higher High

Opportunities for females to mate
promiscuously

Lower Higher Higher

Male cooperation in Pitheciines
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hypoxanthus), Strier (2000, p. 72) reports that “male kin display
tolerance toward one another’s sexual activities in exchange for
cooperation in competitive contests with other male kin groups
over access to females”.

In Ateles, adult males are each other’s closest social part-
ners (Symington 1990). Resident females mate with multiple
males, and males jointly patrol the borders of their range and
act collectively to repel intruders (Table 9.1). Although kinship
may play an important role in understanding the benefits of
male mating tolerance in spider monkeys and muriquis, many
cooperative behaviors such as tolerance at feeding sites, min-
imal within-group intrasexual aggression, greeting behaviors,
and cooperative group or mate defense may be best classified
as mutualisms – relatively low-cost behaviors from which
several individuals receive immediate benefits.

In contrast with Ateles and Brachyteles, dispersal in woolly
monkeys (Lagothrix) appears to be bisexual, and affiliative
bonds between adult males are reported to be weaker (Table
9.1). Grooming relationships and spatial proximity, however,
are strong between adult and subadult males, and adult males
appear to cooperate during intergroup encounters (Di Fiore &
Campbell 2007). Female woolly monkeys solicit copulations,
copulate outside their ovulatory period, and adult males are
highly tolerant of within-group copulations by other resident
males (Peres 1996).

Alouatta is characterized by bisexual dispersal, and there-
fore adult group members are generally unrelated (Table 9.1).
Although in red howlers (Alouatta seniculus) related males may
disperse together into the same group and females are more
tolerant of adult daughters than unrelated females (Pope 2000),
this does not appear to be the case for other species. In Alouatta
palliata, the overwhelming majority of females and males
disperse from their natal group (Clarke & Glander 2001), and
stable bisexual groups with as many as 8–12 adult males have
been reported (Chapman 1990). Wang and Milton (2003) iden-
tified an alpha male in an A. palliata group with 6 males and
12 females in Panama, but could not discern any hierarchy
among the other resident males of the group. In addition, these
authors observed several males copulating with the same female
during her estrous period in full view of other males, including
the alpha male, without eliciting an aggressive response.

Although A. palliata is unusual in living in groups that can
exceed 20 individuals, other howler species are known to form
smaller bisexual groups composed of one or a small number of
adult males (Brockett et al. 2001; Crockett & Janson 2000;
Kowalewski & Zunino 2004). In Alouatta caraya, groups may
contain up to four adult males (Kowalewski 2007), within-
group agonism is rare, and adult males spend as much as 5.2%
of their activity budget engaged in affiliative behavior including
grooming and embracing. In addition, females may mate with
most or all resident male group members during both fertile
and non-fertile periods, and in full view of other male group
members (Table 9.1). Unrelated resident adult male A. caraya
act cooperatively to defend the group from incursions by extra-
group males throughout the year (Table 9.2).

Overall, we feel that atelids offer an instructive model for
understanding the basis of male cooperation in the pitheciines.
Depending on patterns of natal and secondary migration, adult
sex ratio and group stability, we expect partner reliability and
competence, kinship and the mutual benefits of cooperative
mate defense to be primary factors in the evolution of male
social tolerance (Table 9.2). Given long-term residence in the
same social group, opportunities for cooperative reciprocity
among males are expected to be greater in male philopatric
species than in species in which males migrate (unless male
relatives migrate in pairs: Garber et al. 1993; Jack 2007). In
addition, mutualistic behaviors among either related or unre-
lated males are likely to be very common given their immedi-
ate return and low cost to all participants (Dugatkin 1997).
Moreover, if the presence of several adult males offers advan-
tages to females in terms of enhanced infant survivorship or
greater genetic diversity for their offspring (Garber 1997; Alt-
mann 1990; Mitani et al. 1996; Nunn 2000), then females may
prefer groups composed of cooperative adult males. Female
promiscuity and sexual receptivity during non-fertile periods
would serve to promote male–female bonds and reduce the
potential for infanticide.

In conclusion, present evidence indicates high levels of social
tolerance among resident male pitheciines. The basis of male–
male cooperation in the pitheciines requires additional long-term
behavioral and genetic investigation. We view intrasexual social
cooperation as an important component of a male reproductive
strategy, and have tried to identify factors that are likely to influ-
ence the costs and benefits of male cooperation. Based on com-
parisons with the atelids, low-cost forms of mutualism appear to
best explain male cooperation in Pithecia. In Chiropotes and
Cacajao, we anticipate that mutual and immediate benefits of
cooperation are common, but where males reside in the same
group over long periods of time, low-cost forms of reciprocity
also are expected (Table 9.2).Male–male tolerance, affiliation and
cooperation are found in many platyrrhine taxa (e.g. Boinski
1994; Di Fiore & Campbell 2007; Digby et al. 2007). It is likely
that long-term familiarity, partner competence and the mutual
and reciprocal benefits of male collective action represent the
primary adaptive basis of male–male cooperation in many
primate species (Chapais 2006; Dugatkin 1997).
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