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D

espite a shared evolutionary history and many common characteristics—
intelligence, tool use, slow life histories, and other traits discussed
throughout this volume—patterns of mating and parental investment between humans and chimpanzees are remarkably dissimilar. These dissimilarities have a profound impact on the nature of social relationships between
the sexes. In this chapter we synthesize recent research on free-ranging
chimpanzees, h
 uman foragers, and forager-horticulturalists,1 documenting
t hese distinct patterns of interaction between females and males.
We begin by developing an evolutionary and ecological framework to
understand the divergence in patterns of cooperation between the sexes in
Pan and Homo. We review the state of evidence bearing on this topic from
the study of wild chimpanzees and human foragers, respectively. We then
address the implications of t hese patterns for the life history of family formation and reproduction in each species. We conclude by discussing prospects for f uture research.
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Theory: Mating, Parental Investment, and Sex Roles
The evolutionary theories of parental investment and sexual selection provide a framework for understanding the divergent mating systems of chimpanzees and humans. This section describes a theory that integrates classic
and recent models of parental investment and sexual selection (Trivers 1972;
Emlen and Oring 1977; Maynard Smith 1977; Grafen and Sibly 1978; Clutton-
Brock 1991; Kokko and Johnstone 2002; Kokko and Jennions 2008) applied to
the case of t hese two species. This theory—s ynthesized in Hooper et al.
(2014)—suggests that the evolution of sex roles in mating and parenting
depend on (1) the returns to providing different forms of investment in
offspring, (2) the shape of the trade-offs between t hese investments and
mating effort, and (3) the dynamics of best response to the behavior of the
opposite sex.
According to the theory, reproductive-age animals face a decision between investing in conceived offspring versus pursuing new opportunities
for fertilization and conception. Investments in offspring come principally
in the form of energy (i.e., metabolic resources, food) or care (protection from
harm, direct attention to needs). Selection acts on the amount of energy and
care delivered by parents, given that increased investment in care w
 ill tend
to reduce investments in energy (and vice versa), and that both of t hese investments will tend to deplete resources available for seeking future reproductive opportunities.
When providing care trades off harshly with producing energy—when
carrying infants while foraging, for example, increases risks of mortality or
greatly reduces returns—or when t here are increasing returns to specialization in the production of energy or care, a single parent cannot efficiently provide the mix of both energy and care necessary for offspring success. U
 nder
these conditions, two parents that specialize and combine their inputs may
be able to achieve a level of offspring fitness more than double that of a single
parent balancing both roles (Hooper et al. 2014). This multiplicative advantage of joint provisioning can provide an important motive for males to remain with mates and offspring, rather than deserting them in favor of the
next mating opportunity (Maynard Smith 1977; Kokko and Johnstone 2002).
It is likely that t hese advantages, combined with extraordinarily high need
of offspring concomitant with the slow human life history, are fundamental
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f actors motivating cooperative biparental investment in human foragers, as
discussed below.
There are a number of conditions u
 nder which the fitness generated by
two contributing parents is unlikely to be greater than twice that generated
by one parent serving both roles. When optimal diets are more permissive
of simultaneous infant care and foraging, when young can be safely hidden
away during foraging, or when t here are diminishing returns to specialization in energy or care, one sex (usually the male) is likely to face greater gains
from a resumption of mating effort than continued parental investment.
Generally, the greater the substitutability (rather than complementarity) of
female and male inputs, the more likely is the outcome of desertion by one
sex and uniparental care by the other (Kokko and Johnstone 2002; Hooper
et al. 2014).
Among mammals, maternal commitments to lactation, typically low paternity certainty, and few gains from specialization make females most often
responsible for the full cost of investment in offspring (Clutton-Brock 1989).
Given that the vast majority (>95 percent) of the chimpanzee diet consists
of foods that can be collected or extracted with a clinging infant or accompanying juvenile (Kaplan et al. 2000; Watts et al. 2012; Carmody, this volume),
trade-offs between the efficiency of foraging and care are relatively weak.
These conditions are likely to underlie the observed Pan equilibrium of
female-only investment in offspring, and relatively undifferentiated patterns
of foraging behavior between the sexes.
In contrast to other primates, hunted foods play a critical role in human
diets, accounting for an average of about 60 percent of calories consumed (Kaplan et al. 2000). Hunting has two important characteristics that are critical
for understanding human pair-bonds and male parental investment. First,
it is largely incompatible with childcare (except under special circumstances;
Gurven and Hill 2009). Second, it provides protein and lipids, and thus may
provide more valuable calories than plant foods (Hill 1988). For both reasons,
hunting increases the marginal value of male inputs to both w
 omen and
children, which we propose is a prime driver in shifting the human mating
system away from the standard mammalian pattern.
In this theory, the returns to renewed mating effort bind the equilibrium
level and duration of parental investment for each sex. All e lse being equal,
paternal investment will tend to decline as opportunities for further mating
increase (Blurton Jones et al. 2000; Schacht and Borgerhoff Mulder 2015). In
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general, male parental investment tends to decrease when the costs of mate
search are low (e.g., when females are spatially clustered), or when the ratio
of females to males in the mating pool is high (Clutton-Brock 1991; Kokko and
Jennions 2008). In the human case, where pair-bonds form and males invest,
the extent of monogamy versus polygyny is affected by the degree of in
equality in male resources, and the extent to which the value of male inputs
diminishes with division between multiple wives and offspring (Borgerhoff Mulder 1992). Among foragers, both food sharing and the inability to
accumulate durable resources tend to reduce inequality in resources among
males, leading to more monogamous mating systems (Marlowe 2005; Kaplan
et al. 2009; Kelly 2013; Hooper et al. 2014; Jaeggi et al. 2016).
Paternal investment is predicted to decrease as females place relatively
greater value on a male’s genetic quality than on offered parental investment
during mate choice. Factors affecting the marginal benefits derived from additional male parental investment (such as the compatibility of offspring
care with food production) are likely to affect both the direct fitness benefits of male investment, as well as female choice criteria regarding the relative weight of investment offers versus genet ic quality. These two effects
should mutually reinforce each other. When male parental investment is relatively less important, on the other hand, the result may be promiscuity (as
in Pan) or polygynous mating without significant male parental investment
(as in most nonhuman primates, with the exception of callitrichids).
It is relevant to note that male coercion may limit the scope of female
choice, particularly among chimpanzees (Muller et al. 2011; Muller, this
volume). This phenomenon probably reinforces the effect of a care-compatible
optimal diet on the outcome of uncooperative sex roles in chimpanzees. The
scope for female choice may be greater where coa litions can be formed
against aggressive males, as in bonobos (Furuichi 2011; Hare et al. 2012; Jaeggi
et al. 2016). In the case of humans, the scope for female choice is highly variable. A lack of direct female control over partner choice and marriage is
clearly manifest in some human societies, particularly t hose relying on defensible, durable, and inherited resources (Boone 1986; Borgerhoff Mulder
1992). Among contemporary foragers, the evidence discussed below shows
that females exert considerable choice in mating decisions for their own benefit (Draper 1975; Marlowe 2004; Pillsworth 2008; Gurven et al. 2009), with
the important exception of rape, which occurs at apparently low levels ubiquitously (Burbank 1992; Marlowe 2010; Muller, this volume).
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Two additional considerations have important implications for the theory
of mating effort and parental investment in chimpanzees and humans.
First, t here is evidence in both species that male support for females or
their offspring can be motivated in part by mating effort (Anderson et al.
1999; Kaburu and Newton-Fisher 2015). Second, t here has been considerable
debate in the literature on humans over w
 hether the production and sharing
of food by men are motivated by payoffs to parental investment per se, or
increased access to fertility through signaling or trade (Hawkes and Bliege
Bird 2002; Gurven and Hill 2009, 2010; Hawkes et al. 2010, 2014; Wood and
Marlowe 2013, 2014). The empirical data on contemporary chimpanzees and
human foragers are discussed in light of t hese theoretical considerations in
the following two sections.

Chimpanzees
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Despite highly dimorphic reproductive behavior, t here are typically small
differences between chimpanzee females and males in diet and foraging be
havior. As in most species in which female reproduction is limited by access
to food and males are larger than females, female chimpanzees are expected
to consume relatively more high-quality foods—ripe fruit, insects, and nuts,
rather than lower-quality leaves and unripe fruit—compared to males (Gaulin
1979; Sailer et al. 1985). Because chimpanzee males more frequently participate in hunts and have greater access to and control over carcasses, however,
male chimpanzees tend to eat greater quantities of meat (0–3 percent of total
diet) (Teleki 1973; Boesch and Boesch-Achermann 1989; Tennie et al. 2008;
Wood and Gilby, this volume). Dimorphism in diet could also be affected by
tendencies for females to occupy and defend core areas, and for males to
range more widely across the breadth of territories (Williams et al. 2002;
Emery Thompson et al. 2007; Murray et al. 2007).
The reproductive roles of female and male chimpanzees are strikingly dif
ferent. Females bear the full cost of reproduction and parental investment
after fertilization, including gestation, lactation, carrying, care, food transfers (mostly passive), and maintaining access to core feeding areas (Emery
Thompson et al. 2007, 2012; Murray et al. 2007; Jaeggi and van Schaik 2011).
Male chimpanzees cooperate to defend territories capable of supporting the
reproduction of multiple females (Wilson et al. 2014) and compete for access
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to estrous females within linear dominance hierarchies (Wroblewski et al.
2009).
The promiscuous mating system of chimpanzees yields diffuse expectations of paternity certainty across males in a group (Chapais, this volume).
Females actively seek matings with multiple males and advertise their
fertility through sexual swellings (Stumpf and Boesch 2006). While this may
have a protective effect against infanticide, it also produces minimal inclusive fitness motivation for parental investment by males. Thus, t here is l ittle
evidence of direct paternal investment in terms of direct care or food provisioning, with the potential exception of males adopting orphaned offspring
(Boesch et al. 2010).
The cooperation of chimpanzee males in the defense of territory against
other groups can be considered a form of blanket protection to females and
their offspring, particularly if territorial takeovers entail a threat of direct
attacks or infanticide (Watts et al. 2002; Mitani et al. 2010; Wilson et al. 2014).
Individual males may also sometimes protect females from o
 thers’ aggression within communities. Recently immigrated females may preferentially
associate with adult males in order to be protected against the aggression of
resident females (Kahlenberg et al. 2008), which can also lead to infanticide
(Townsend et al. 2007).
Within chimpanzee communities, rates of association and affiliative interactions (e.g., grooming) are greatest within male-male dyads—who rely on
alliances with each other for rank and territorial defense—followed by
female-male dyads, then female-female dyads (Watts 1998, 2002; Stumpf
and Boesch 2006; Machanda et al. 2013). There is evidence that this pattern
changes when female choice is more pronounced—for example, when female-
female coalitions protect against male coercion, as in bonobos (White and
Wood 2007; Tokuyama and Furuichi 2016).
Adult female-male associations in chimpanzees sometimes reflect kinship, principally between mothers and sons (Pusey 1983). Mother-son bonds
in adulthood are especially important in bonobos, where male-male bonds
are weak or absent; here, males rely on maternal support for acceptance by
dominant females, and for access to high rank, resources, and mating opportunities (Surbeck et al. 2011). Given dominant patterns of male philopatry
and female dispersal, however, t here are relatively few opportunities for female and male relatives (other than mother and offspring) to interact or even
fully recognize each other as kin (Wroblewski 2010; Chapais this volume).

514-69645_ch01_1P.indd 553

—-1
—0
—+1

7/10/17 6:10 PM

554

-1—
0—
+1—

chimpanzees and human evolution

Female-male interactions are shaped in large part by the dynamics of the
mating system. There is some evidence that preferred—older, parous, higher-
ranking, and / or estrous—females receive higher rates of affiliative behavior
from males (e.g., association and spatial proximity: Muller et al. 2006;
Machanda et al. 2013; grooming: Kaburu and Newton-Fisher 2015; meat
sharing: Gomes and Boesch 2009; Wood and Gilby this volume). Ironically,
preferred females also experience higher rates of aggression from males as
a form of mate guarding, particularly during estrus (Muller et al. 2007, 2011).
There is evidence for pair-specific heterogeneity in frequencies of copulation, paternity, and interaction within groups, which may be motivated by
preferences of one or both individuals (Newton-Fisher et al. 2010; Gomes and
Boesch 2011), or which may simply arise as a by-product of other factors, such
as overlapping spatial patterns (Langergraber et al. 2013; Machanda et al.
2013). Male chimpanzees sometimes attempt to draw or coerce estrous
females away from other males for periods of “consortship” (Watts 1998;
Wroblewski et al. 2009), yet t here is no evidence that part icu lar dyads
form consortships more than expected by chance. Several males may cooperate to consort with females and exclude other males (Watts 1998), a
pattern also observed in dolphins (Connor et al. 2001).
There are important differences across sites and across time in the form
and intensity of male-female relationships in chimpanzees and bonobos
(Langergraber et al. 2013). For instance, levels of female sociality (i.e., time
associating with others, mating activity, and frequency and duration of
sexual swellings) increase with food availability and decrease with feeding
competition (van Schaik 1989; Chapman et al. 1994; Hohmann and Fruth
2002; Mitani et al. 2002; Stumpf 2007). With greater food availability, females
can afford to be more sexually active—increasing the ratio of receptive females to males—and more sociable, which broadens the scope for forming
long-term bonds and alliances with both females and males (Stumpf 2007;
Jaeggi et al. 2016). Thus, the ratio of males to females with maximal sexual
swellings ranges from two to three among bonobos and Taï chimpanzees, to
twelve at Gombe (Stumpf 2007). The percentage of time that females spend
away from other adults averages 30 percent across chimpanzees, but varies
considerably across site: females at Taï, for example, average only 4 percent,
while bonobos average 2–3 percent (Stumpf 2007). By reducing male-male
competition over estrous females and increasing female social capital, greater
food availability thus increases the potential for female choice and may even
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lead to dominance over males, as in bonobos (Stumpf and Boesch 2006; White
and Wood 2007; Hare et al. 2012; Jaeggi et al. 2016).

Humans
Patterns of cooperation between the sexes in h
 uman societies stand in stark
contrast to those of Pan. The sexual division of labor is a ubiquitous and well-
documented feature of all traditional human societies (Murdock and Provost 1973). There is an extensive division of labor by sex—illustrated in
Figure 15.1 for the Tsimané—including not only direct childcare and energy
production, but also food processing, collecting firewood and cooking, construction of housing, and manufacture of tools (Marlowe 2007). The behavior
of females and males reflects complementary adjustments to the investments
of the opposite sex and the needs of offspring. This allows each sex to intensively learn the skills necessary for one role, and disregard the skills of the
other (Kaplan et al. 2001).
Compatibility of l abor with simultaneous childcare is an important predictor of women’s activities (Minge-Klevana 1980; Hurtado et al. 1985, 1992).
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figure 15.1. The sexual division of productive l abor among Tsimané w
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gray) and men (light gray). The horizontal axis denotes percent of time in each activity
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devoted by women versus men. Values are derived from 11,971 spot observations (adapted
from Gurven et al. 2009).
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Among the Aché who did not maintain permanent camps with safe places
for children, women spent more than 90 percent of daytime hours in tactile
contact with c hildren u
 nder age three (Hurtado et al. 1985). Even in safer environments where cleared spaces are maintained, as among the Tsimané,
children are actively cared for by their mothers 30 percent of their waking
hours (Winking et al. 2009). While mothers are the predominant caregivers
in apparently all forager societies, fathers also engage in some direct care,
though t here is significant variation in direct paternal care across groups:
Aka f athers provide around 22 percent of the care received by young c hildren
as measured by time investment, while !Kung, Hadza, Efe, Agta, and Tsimané
fathers provide 1.9–7 percent (Griffin and Griffin 1992; Hewlett 1992; Marlowe
1999; Hewlett and Macfarlan 2002; Winking et al. 2009).
The weight of evidence suggests substantial economic contributions to
familial and offspring well-being from both m
 others and fathers. Across a
sample of ten foraging societies, females produce a mean of 32 percent of all
calories and 12 percent of all protein, while males produce 68 percent of
all calories and 88 percent of all protein (Kaplan et al. 2000). There are no
foraging societies reported in which men are not important providers of animal protein and lipids (Kaplan et al. 2000; Marlowe 2005; Kelly 2013). While
there is a consistent specialization of females and males in complementary
forms of production, t here is also considerable variability across foragers depending on conditions. Hunting by women, for example, has been well described for the Aka and Agta, where hunting methods (nets among the Aka;
bows, arrows, and dogs among the Agta) were less incompatible with pregnancy and childcare, small and medium game were relatively abundant
near camps, and (among the Agta) there were considerable gains from
trading meat for carbohydrates (Goodman et al. 1985; Noss and Hewlett 2001;
Gurven and Hill 2009).
Among the Tsimané, m
 others, grandmothers, f athers, and grandfathers
all contribute substantial net transfers of food to dependent young. Fathers’
rate of net provisioning to children is roughly twice that of mothers, while
grandfathers give around 25 percent more to grandchildren than do grand
mothers (Hooper et al. 2015). The importance of offspring need in motivating
Tsimané women and men’s work effort is illustrated in Table 15.1: women produce 310 additional calories through horticulture per day for each child
over three, while men produce 240 additional calories through hunting for
each additional child. As shown in Figure 15.2, 65–75 percent of Tsimané par-

514-69645_ch01_1P.indd 556

7/10/17 6:10 PM

557

Cooper ation between the Sexes

Table 15.1. Tsimané economic production as a function of dependent offspring (multilevel
regression with community-level random effects).
Hours per Day
Predictor

β

B

Calories per Day
B

β

P

−171.1
117.4
−0.2
−828.3
313.7

−0.134
0.326
−0.037
−0.153
0.182

0.965
0.446
0.935
0.017
0.033

−1,205.8
162.3
−2.4
240.5

0.196
0.770
−0.664
0.295

0.206
0.019
0.039
<0.001

p

A. W
 omen’s horticultural effort and productivity (n = 253)
(Intercept)
−0.116
−0.061
0.746
Age
0.070
1.030
0.010
Age2
−0.001
−0.665
0.078
Offspring 0–2
−0.180
−0.175
0.004
Offspring 3–19
0.043
0.130
0.087
B. Men’s hunting effort and productivity (n = 281)
(Intercept)
−0.060
0.228
Age
0.054
0.657
−0.001
−0.407
Age2
Offspring 0–19
0.065
0.204

0.798
0.020
0.148
0.002

Childcare
Food processing
Domestic activities
Manufacturing
Horticulture
Other food acquisition
Fishing
Hunting
Wage labor
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figure 15.2. Estimated percent of food consumed by members of an adult
producer’s household versus members of other households, for Tsimané w
 omen
and men and Hadza men. The values received by other h
 ouseholds represent the mean
received by households that ever received food from the producer (for the Tsimané) or that
resided in the same camp (for the Hadza). Tsimané values reflect sums over 93 (± 40 SD) days
from 371 women and 490 men (Hooper et al. 2015), while Hadza values reflect 98 distribution
events from 44 men (adapted from figure 5 in Wood and Marlowe 2013).
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ents’ production is consumed within the nuclear family. Among the Hadza,
who share food more widely, men’s families consume around 40 percent of
the food they produce (Wood and Marlowe 2013).
Consistent with an emphasis on providing direct care with the economic
support of husbands and other kin, female foragers significantly decrease
time spent foraging with the presence of young children. Among the Aché
and Hiwi, nursing women show significant reductions in production rates
and time allocated to production (Hurtado et al. 1985, 1992). Hadza m
 others
with nursing infants likewise show reduced foraging effort and productivity,
while married men and fathers are significantly more productive than
unmarried and childless men (Marlowe 2003, 2010; Wood and Marlowe 2013).
 omen produce roughly 830 fewer calories per
Table 15.1 shows that Tsimané w
day for each child under three. Shuar women who are pregnant or lactating
show reduced physical activity, while their husbands are relatively more active (Madimenos et al. 2011). The ability of female foragers to decrease their
burden of work during lactation pays off in survival and fertility; among
other primates, in contrast, lactation is often the most vulnerable part of the
adult life course, because females must work to support the nutritional needs
of both themselves and their nursling (Lancaster and Kaplan 2009).
A number of accounts have emphasized the role of male-male competition, mate guarding, and infanticide avoidance in the origins of human pair-
bonds (Blurton Jones et al. 2000; Hawkes and Bliege Bird 2002; Coxworth
et al. 2015); t hese factors have also been associated with variation in pair-
bonding in other primates and mammals (van Schaik and Kappeler 1997;
Palombit 1999; Lukas and Clutton-Brock 2013; Opie et al. 2013). Chapais has
proposed that polygynous—but basically uncooperative—pair-bonds may
have been present as a result of t hese f actors in hominins preceding Homo,
with implications for paternity certainty and alliance formation (Chapais
2008, this volume). Muller and Pilbeam (this volume) discuss the evidence
bearing on whether polygynous pair-bonds (as in gorillas) or promiscuity (as
in chimpanzees) w
 ere characteristic of the common ancestor of Pan and Homo.
Despite generally high levels of paternal investment in human foragers
compared to other mammals, cases of desertion, infidelity, and disinvestment by men are also clearly common (Winking et al. 2007; Marlowe 2010;
Stieglitz et al. 2012, 2014). Disinvestment becomes more likely where t here
are relatively low costs and high potential benefits to extrapair mating effort, and mothers and other kin can more easily compensate for the loss of
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men’s contributions. The data show that dissolution of pair-bonds and spousal
abuse are most frequent early in marriages, and that marriages tend to be
quite stable once more than two children are born to the same parents (Early
and Headland 1998; Kaplan et al. 2001, 2010; Marlowe 2010; Stieglitz et al. 2011).
While t here is some evidence of motivations for men to produce and provision women or their offspring to secure mating opportunities, e ither within
or outside current pair-bonds (Anderson et al. 1999; Smith et al. 2003), mating
effort alone appears insufficient to account for the magnitude of f athers’ contributions to their families as described for contemporary foragers and
forager-horticulturalists (Hewlett and Macfarlan 2002; Hill and Hurtado
2009; Howell 2010; Wood and Marlowe 2013; Hooper et al. 2015). As such, the
pattern of cooperative pair-bonding and biparental care observed in humans
is probably best understood in light of returns to biparental investment. Ultimately, the origins of cooperative pair-bonds in h
 umans may have more in
common with birds than with other primates and mammals.

Further Implications for the Biodemography
of Homo and Pan
Complementarities between female and male parental roles structure patterns of pair-bonding, marriage, and reproduction in h
 uman foraging socie
ties. In a cross-cultural sample of 145 foraging groups, the modal percentage
of monogamous marriages is 96–100 percent, and in the majority of societies,
fewer than 10 percent of marriages are polygynous (Binford 2001). As a
result, female and male reproductive schedules tend to be closely linked:
age-specific fertility and expected future fertility for women and men are
similar in shape, with the male curves shifted three to five years to the right
(i.e., higher ages) and having a slightly longer tail (Tuljapurkar et al. 2007).
The demographic linkage between female and male foragers is also manifest in the tendency for males to cease reproducing when their wives reach
menopause. Among the Tsimané and Aché, only 10 percent and 17 percent
of men reproduce again a fter their wife (or first wife) reaches menopause,
respectively (Hill and Hurtado 1996; Kaplan et al. 2010).
Because chimpanzees and bonobos lack cooperative pair-bonds, the life
histories of reproduction are likely to be substantially more dimorphic compared to h
 uman foragers. Chimpanzees—like most mammals with vanishing
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levels of paternal investment and high male reproductive skew—perpetuate
and endure high levels of male-male competition, which can lead to later
onset and earlier termination of reproduction and higher mortality among
males compared to females—males live faster and die younger (Clutton-
Brock 1991; van Noordwijk and van Schaik 2004; Clutton-Brock and Isvaran
2007). In bonobos, too, males have substantially lower life expectancy than
females, at least in captivity (Jeroen Stevens, personal communication), which
seems to point to a similarly dimorphic life history.
The importance of alliances for achieving rank in chimpanzees may
somewhat reduce this effect compared to species with more solitary forms
of competition, as older, politically connected males can continue to enjoy
reproductive success (de Waal 1982; Duffy et al. 2007; Wroblewski et al. 2009).
While published data on age-specific fertility and mortality rates in wild chimpanzees are still sparse, t hese predictions can soon be tested given a growing
number of studies on genetic paternity (Boesch et al. 2006; Wroblewski et al.
2009; Newton-Fisher et al. 2010).
In Chapter 10, Chapais describes the role of human pair-bonding in expanding the scope of cooperative alliances through both affinal and consanguineous kinship. As Chapais indicates, while the chimpanzee pattern of
migration at puberty halves the potential extent of one’s kin network, h
 uman
marriage doubles it. Indeed, data from contemporary foragers and forager-
horticulturalists indicate that cooperative pair-bonds provide a nucleus for
networks of support across extended families. These families show patterns of investment in offspring by nonparents across three generations—
grandparents, uncles, aunts, and siblings (Gurven et al. 2000; Hooper et al.
2015)—which have been described as a system of cooperative breeding
(Kramer 2005; Sear and Mace 2008; Hill and Hurtado 2009; Hrdy 2009). The
support that mothers and offspring receive from spouses, parents, and other
members of the extended f amily described above likely underlies the relatively shorter interbirth intervals and higher fertility of humans compared
to other great apes (Hrdy 2009; Isler and van Schaik 2012a, 2012b).

Conclusion
-1—
0—
+1—

We have an increasingly clear picture of the modal equilibrium pattern of
behavioral and biodemographic characteristics in human foragers and wild
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chimpanzees. The coevolutionary sequence that gave rise to these modal
patterns, on the other hand, remains more difficult to illuminate (Foley and
Gamble 2009).
We suggest that knowledge of shifting natural environments can provide
an anchor for theorizing social and behavioral change among the g reat apes
from the Miocene to the present. Given the time scales involved, and the expected transience of unstable constellations of traits, models will improve
by specifying the conditions that support the evolutionary stability of the
equilibrium distribution of traits and behaviors in each step of the historical sequence. The ecological f actors emphasized h
 ere are the returns from
extracted, scavenged, and hunted food, and the returns to economic and reproductive specialization between the sexes.
The paleoanthropological and archaeological signatures of the variables
highlighted in this chapter include evidence of subsistence technology and
practices (Wrangham 2009; Ferraro et al. 2013; Estalrrich and Rosas 2015;
Roach and Richmond 2015), diet (Balter et al. 2012; Wood and Gilby, this
volume; Carmody et al. this volume), sexual dimorphism (Plavcan 2012),
brain size (Holloway et al. 2004), and developmental rates (Bermúdez de
Castro et al. 2010; Zollikofer and Ponce de León 2010). Current evidence is
generally consistent with (in that it does not refute) the mainstream view
that cooperative pair-bonding and the sexual division of labor arose with
the genus Homo ca. 2–3 Ma (Lovejoy 2009). Evidence of meat eating and
uncertainty surrounding the extent of sexual dimorphism in Australopithecus,
however, may push these possibilities farther back in time (McPherron et al.
2010); contradictory developmental evidence, however, could push them
later, toward the origin of modern Homo sapiens (Ramirez Rozzi and Bermudez de Castro 2004; Dean 2006; Ruff and Burgess 2015). In this context, it
might be useful to consider a gradual evolution of meat-eating in hominins
(Thompson et al. in revision), starting with chimpanzee-like opportunistic
hunting of small game, the consumption of bone marrow using percussive technology (at which females excel: Boesch and Boesch 1981) once
chimpanzee-like cognition increasingly encountered animal bones left by
carnivores in more open habitats, to habitual scavenging, cooperative
hunting with spears, and eventually solitary hunting with projectile weapons;
the first stages of this sequence would already have provided females and
their infants with better nutrition, allowing the evolution of larger brains,
but only the latter stages would have required a sexual division of labor. New
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empirical methods combined with the development of explicit, testable theoretical models will provide greater certainty regarding the natural histories of the mating systems and linked life histories of Pan and Homo in coming
years.

Endnotes
1. The term forager is used to refer to “pure” foragers (i.e., people subsisting almost
entirely from hunting and gathering, such as the Aché, Hadza, or !Kung). Forager-
horticulturalists (such as the Shuar or Tsimané) may derive the bulk of their
calories from cultivated foods, but share with contemporary foragers a reliance
on hunting or fishing for animal protein and fats, communal property rights, and
relatively egalitarian, small-scale sociopolitical organization.

Acknowledgments
Thanks to Jessica Thompson, Dietrich Stout, Kim Hill, Brian Wood, Samuel Bowles,
Monique Borgerhoff Mulder, Martin Muller, Paul Seabright, Jonathan Stieglitz, and
Jeffrey Winking for helpful input and feedback. Tsimané research was supported by
NSF BCS-0422690, NIH / NIA R01AG024119-01, and NIH / NIA 2P01AG022500-06A1.

References

-1—
0—
+1—

Anderson, K. G., H. Kaplan, D. Lam, and J. Lancaster. 1999. Paternal care by genet ic
fathers and stepfathers, II: Reports by Xhosa high school students. Evolution and
Human Behavior 20: 433–451.
Balter, V., J. Braga, P. Télouk, and J. F. Thackeray. 2012. Evidence for dietary change
but not landscape use in South African early hominins. Nature 489: 558–560.
Bermúdez de Castro, J. M., M. Martinón-Torres, L. Prado, A. Gómez-Robles, J. Rosell,
L. López-Polín, J. L. Arsuaga, and E. Carbonell. 2010. New immature hominin
fossil from European Lower Pleistocene shows the earliest evidence of a modern
human dental development pattern. Proceedings of the National Academy of Sciences 107: 11739–11744.
Binford, L. F. 2001. Constructing Frames of Reference: An Analytical Method for Archaeological Theory Building Using Ethnographic and Environmental Data Sets. Berkeley:
University of California Press.
Blurton Jones, N. G., F. W. Marlowe, K. Hawkes, and J. F. O’Connell. 2000. Paternal
investment and hunter-gatherer divorce rates. In L. Cronk, N. A. Chagnon, and

514-69645_ch01_1P.indd 562

7/10/17 6:10 PM

Cooper ation between the Sexes

563

W. Irons, eds., Adaptation and Human Behavior: An Anthropological Perspective,
31–35. New York: Aldine de Gruyter.
Boesch, C., and H. Boesch. 1981. Sex differences in the use of natural hammers by wild
chimpanzees: A preliminary report. Journal of Human Evolution 10: 585–593.
Boesch, C., and H. Boesch-Achermann. 1989. Hunting behavior of wild chimpanzees
in the Taï National Park. American Journal of Physical Anthropology 78: 547–573.
Boesch, C., C. Bolé, N. Eckhardt, and H. Boesch. 2010. Altruism in forest chimpanzees:
The case of adoption. PLoS ONE 5: e8901.
Boesch, C., G. Kohou, H. Néné, and L. Vigilant. 2006. Male competition and paternity
in wild chimpanzees of the Taï forest. American Journal of Physical Anthropology
130: 103–15.
Boone, J. L. 1986. Parental investment and elite family structure in prei ndustrial
states: A case study of late medieval–early modern Portuguese genealogies. American Anthropologist 88: 859–878.
Borgerhoff Mulder, M. 1992. W
 omen’s strategies in polygynous marriage. Human
Nature 3: 45–70.
Burbank, V. K. 1992. Sex, gender, and difference. Human Nature 3: 251–277.
Chapais, B. 2008. Primeval Kinship: How Pair-Bonding Gave Birth to H
 uman Society. Cambridge, MA: Harvard Univ Press.
Chapman, C., F. White, and R. W. Wrangham. 1994. Party size in chimpanzees and
bonobos. In R. W. Wrangham, W. C. McGrew, F. B. M. de Waal, and P. G. Heltne,
eds., Chimpanzee Cultures, 41–57. Cambridge, MA: Harvard University Press.
Clutton-Brock, T. H. 1989. Review lecture: Mammalian mating systems. Proceedings
of the Royal Society of London B: Biological Sciences 236: 339–372.
Clutton-Brock, T. H. 1991. The Evolution of Parental Care. Princeton, NJ: Princeton University Press.
Clutton-Brock, T. H., and K. Isvaran. 2007. Sex differences in ageing in natural populations of vertebrates. Proceedings of the Royal Society of London B: Biological Sciences
274: 3097–3104.
Connor, R. C., M. R. Heithaus, and L. M. Barre. 2001. Complex social structure, alliance stability and mating access in a bottlenose dolphin “super-alliance.” Proceedings of the Royal Society of London B: Biological Sciences 268: 263–267.
Coxworth, J. E., P. S. Kim, J. S. McQueen, and K. Hawkes. 2015. Grandmothering life
histories and human pair bonding. Proceedings of the National Academy of Sciences
112: 11806–11811.
Dean, M. C. 2006. Tooth microstructure tracks the pace of h
 uman life-history evolution. Proceedings of the Royal Society of London B: Biological Sciences 273:
2799–2808.
de Waal, F. B. M. 1982. Chimpanzee Politics: Power and Sex Among Apes. London: Jonathan Cape.
Draper, P. 1975. !Kung women: Contrasts in sexual egalitarianism in foraging and
sedentary contexts. In R. R. Reiter, ed., T
 oward an Anthropology of W
 omen, 77–109.
New York: Monthly Review Press.

514-69645_ch01_1P.indd 563

—-1
—0
—+1

7/10/17 6:10 PM

564

-1—
0—
+1—

chimpanzees and human evolution

Duffy, K. G., W. Richard, and J. B. Silk. 2007. Male chimpanzees exchange political
support for mating opportunities. Current Biology 17: R586–R587.
Early, J. D., and T. N. Headland. 1998. Population Dynamics of a Philippine Rain Forest
People: The San Ildefonso Agta. Gainesville: University of Florida Press.
Emery Thompson, M., S. M. Kahlenberg, I. C. Gilby, and R. W. Wrangham. 2007. Core
area quality is associated with variance in reproductive success among female
chimpanzees at Kibale National Park. Animal Behaviour 73: 501–512.
Emery Thompson, M., M. N. Muller, and R. W. Wrangham. 2012. The energetics of lactation and the return to fecundity in wild chimpanzees. Behavioral Ecology 23:
1234–1241.
Emlen, S., and L. Oring. 1977. Ecology, sexual selection, and the evolution of mating
systems. Science 197: 215–223.
Estalrrich, A., and A. Rosas. 2015. Division of labor by sex and age in Neandertals:
An approach through the study of activity-related dental wear. Journal of H
 uman
Evolution 80: 51–63.
Ferraro, J. V., T. W. Plummer, B. L. Pobiner, J. S. Oliver, L. C. Bishop, D. R. Braun, P. W.
Ditchfield, J. W. Seaman, K. M. Binetti, J. W. Seaman, F. Hertel, and R. Potts. 2013.
Earliest archaeological evidence of persistent hominin carnivory. PLoS ONE 8:
e62174.
Foley, R., and C. Gamble. 2009. The ecology of social transitions in human evolution.
Philosophical Transactions of the Royal Society B 364: 3267–3279.
Furuichi, T. 2011. Female contributions to the peaceful nature of bonobo society. Evolutionary Anthropology 20: 131–142.
Gaulin, S. 1979. A Jarman / Bell model of primate feeding niches. Human Ecology 7:
1–20.
Gomes, C. M., and C. Boesch. 2009. Wild chimpanzees exchange meat for sex on a
long-term basis. PLoS ONE 4: e5116.
Gomes, C. M., and C. Boesch. 2011. Reciprocity and trades in wild West African chimpanzees. Behavioral Ecology and Sociobiology 65: 2183–2196.
Goodman, M. J., P. B. Griffin, A. A. Estioko-Griffin, and J. S. Grove. 1985. The compatibility of hunting and mothering among the Agta hunter-gatherers of the Philippines. Sex Roles 12: 1199–1209.
Grafen, A., and R. Sibly. 1978. A model of mate desertion. Animal Behaviour 26:
645–652.
Griffin, P. B., and M. B. Griffin. 1992. Fathers and childcare among the Cagayan Agta.
In B. S. Hewlett, ed., Father-Child Relations: Cultural and Biosocial Contexts, 297–320.
New York: Aldine de Gruyter.
Gurven, M., and K. Hill. 2009. Why do men hunt? A reevaluation of “Man the Hunter”
and the sexual division of l abor. Current Anthropology 50: 51–74.
Gurven, M., and K. Hill. 2010. Moving beyond stereot ypes of men’s foraging goals:
Reply to Hawkes, O’Connell, and Coxworth. Current Anthropology 51: 265–267.
Gurven, M., K. Hill, H. Kaplan, A. Hurtado, and R. Lyles. 2000. Food transfers among
Hiwi foragers of Venezuela: Tests of reciprocity. Human Ecology 28: 171–218.

514-69645_ch01_1P.indd 564

7/10/17 6:10 PM

Cooper ation between the Sexes

565

Gurven, M., J. Winking, H. Kaplan, C. Rueden, and L. McAllister. 2009. A bioeconomic
approach to marriage and the sexual division of l abor. Human Nature 20: 151–183.
Hare, B., V. Wobber, and R. Wrangham. 2012. The self-domestication hypothesis:
Evolution of bonobo psychology is due to selection against aggression. Animal
Behaviour 83: 573–585.
Hawkes, K., and R. Bliege Bird. 2002. Showing off, handicap signaling, and the evolution of men’s work. Evolutionary Anthropology 11: 58–67.
Hawkes, K., J. F. O’Connell, and N. G. Blurton Jones. 2014. More lessons from the Hadza
about men’s work. Human Nature 25: 596–619.
Hawkes, K., J. F. O’Connell, and J. E. Coxworth. 2010. Family provisioning is not the
only reason men hunt: A comment on Gurven and Hill. Current Anthropology 51:
259–264.
Hewlett, B. S. 1992. Husband-w ife reciprocity and the father-infant relationship
among Aka pygmies. In B. S. Hewlett, ed., Father-Child Relations: Cultural and Biosocial Contexts, 153–176. New York: Aldine de Gruyter.
Hewlett, B. S., and S. J. Macfarlan. 2002. F
 athers’ roles in hunter-gatherer and other
small-scale cultures. In M. E. Lamb, ed., The Role of the F
 ather in Child Development,
413–434. Hoboken, NJ: Wiley.
Hill, K. 1988. Macronutrient modifications of optimal foraging theory: An approach
using indifference curves applied to some modern foragers. Human Ecology 16:
157–197.
Hill, K., and A. M. Hurtado. 1996. Ache Life History: The Ecology and Demography of a
Foraging People. New York: Aldine de Gruyter.
Hill, K., and A. M. Hurtado. 2009. Cooperative breeding in South American hunter-
gatherers. Proceedings of the Royal Society of London B: Biological Sciences 276:
3863–3870.
Hohmann, G., and B. Fruth. 2002. Dynamics in social organization of bonobos (Pan
paniscus). In C. Boesch, G. Hohmann, and L. F. Marchant, eds., Behavioural Diversity in Chimpanzees and Bonobos, 138–150. Cambridge: Cambridge University Press.
Holloway, R. L., D. C. Broadfield, and M. S. Yuan. 2004. The H
 uman Fossil Record, vol.
3: Brain Endocasts: The Paleoneurological Evidence. Hoboken, NJ: Wiley & Sons.
Hooper, P. L., M. Gurven, and H. S. Kaplan. 2014. Social and economic underpinnings
of human biodemography. In M. Weinstein and M. A. Lane, eds., Sociality, Hierarchy, Health: Comparative Biodemography, 169–195. Washington, DC: National
Academies Press.
Hooper, P. L., M. Gurven, J. Winking, and H. S. Kaplan. 2015. Inclusive fitness and differential productivity across the life course determine intergenerational transfers in a small-scale human society. Proceedings of the Royal Society B: Biological
Sciences 282: 20142808.
Howell, N. 2010. Life Histories of the Dobe !Kung: Food, Fatness, and Well-Being over the
Life-Span. Berkeley: University of California Press.
Hrdy, S. 2009. Mothers and Others: The Evolutionary Origins of Mutual Understanding.
Cambridge, MA: Harvard University Press.

514-69645_ch01_1P.indd 565

—-1
—0
—+1

7/10/17 6:10 PM

566

-1—
0—
+1—

chimpanzees and human evolution

Hurtado, A. M., K. Hawkes, K. Hill, and H. Kaplan. 1985. Female subsistence strategies among Ache hunter-gatherers of eastern Paraguay. Human Ecology 13: 1–28.
Hurtado, A. M., K. Hill, I. Hurtado, and H. Kaplan. 1992. Trade-offs between female
food acquisition and child care among Hiwi and Ache foragers. Human Nature 3:
185–216.
Isler, K., and C. P. van Schaik. 2012a. Allomaternal care, life history and brain size
evolution in mammals. Journal of Human Evolution 63: 52–63.
Isler, K., and C. P. van Schaik. 2012b. How our ancestors broke through the gray
ceiling: Comparative evidence for cooperative breeding in early Homo. Current
Anthropology 53: S453–S465.
Jaeggi, A. V., K. F. Boose, F. J. White, and M. Gurven. 2016. Obstacles and catalysts of
cooperation in humans, bonobos, and chimpanzees: Behavioural reaction norms
can help explain variation in sex roles, inequality, war and peace. Behaviour 153:
1015–1051.
Jaeggi, A. V, and C. P. van Schaik. 2011. The evolution of food sharing in primates. Behavioral Ecology and Sociobiology 65: 2125–2140.
Kaburu, S. S. K., and N. E. Newton-Fisher. 2015. Trading or coercion? Variation in
male mating strategies between two communities of East African chimpanzees. Behavioral Ecology and Sociobiology 69: 1039–1052.
Kahlenberg, S. M., M. E. Thompson, M. N. Muller, and R. W. Wrangham. 2008. Immigration costs for female chimpanzees and male protection as an immigrant counterstrategy to intrasexual aggression. Animal Behaviour 76: 1497–1509.
Kaplan, H., M. Gurven, J. Winking, P. L. Hooper, and J. Stieglitz. 2010. Learning, menopause, and the human adaptive complex. Annals of the New York Academy of Sciences 1204: 30–42.
Kaplan, H. S., K. Hill, A. M. Hurtado, and J. Lancaster. 2001. The embodied capital
theory of human evolution. In P. T. Ellison, ed., Reproductive Ecology and Human
Evolution, 293–317. Hawthorne, NY: Aldine de Gruyter.
Kaplan, H., K. Hill, J. Lancaster, and A. M. Hurtado. 2000. A theory of human life history evolution: Diet, intelligence, and longevity. Evolutionary Anthropology 9:
156–185.
Kaplan, H. S., P. Hooper, and M. Gurven. 2009. The evolutionary and ecological roots
of human social organization. Philosophical Transactions of the Royal Society B: Biological Sciences 364: 3289–3299.
Kelly, R. L. 2013. The Lifeways of Hunter-Gatherers: The Foraging Spectrum. Cambridge:
Cambridge University Press.
Kokko, H., and M. D. Jennions. 2008. Parental investment, sexual selection and sex
ratios. Journal of Evolutionary Biology 21: 919–48.
Kokko, H., and R. A. Johnstone. 2002. Why is mutual mate choice not the norm?
Operational sex ratios, sex roles and the evolution of sexually dimorphic and
monomorphic signalling. Philosophical Transactions of the Royal Society of London
B: Biological Sciences 357: 319–330.

514-69645_ch01_1P.indd 566

7/10/17 6:10 PM

Cooper ation between the Sexes

567

Kramer, K. L. 2005. Children’s help and the pace of reproduction: Cooperative
breeding in humans. Evolutionary Anthropology 14: 224–237.
Lancaster, J., and H. Kaplan. 2009. The endocrinology of the human adaptive
complex. In P. T. Ellison and P. G. Gray, eds., Endocrinology of Social Relationships,
95–119. Cambridge, MA: Harvard University Press.
Langergraber, K. E., J. C. Mitani, D. P. Watts, and L. Vigilant. 2013. Male–female socio-
spatial relationships and reproduction in wild chimpanzees. Behavioral Ecology
and Sociobiology 67: 861–873.
Lovejoy, C. O. 2009. Reexamining human origins in light of Ardipithecus ramidus. Science 326: 74–74e8.
Lukas, D., and T. H. Clutton-Brock. 2013. The evolution of social monogamy in mammals. Science 341: 526–530.
Machanda, Z. P., I. C. Gilby, and R. W. Wrangham. 2013. Male-female association patterns among free-ranging chimpanzees (Pan troglodytes schweinfurthii). International Journal of Primatology 34: 917–938.
Madimenos, F. C., J. J. Snodgrass, A. D. Blackwell, M. A. Liebert, and L. S. Sugiyama.
2011. Physical activity in an indigenous Ecuadorian forager-horticulturalist population as measured using accelerometry. American Journal of Human Biology 23:
488–497.
Marlowe, F. W. 1999. Showoffs or providers? The parenting effort of Hadza men. Evolution and Human Behavior 20: 391–404.
Marlowe, F. W. 2003. A critical period for provisioning by Hadza men: Implications
for pair bonding. Evolution and Human Behavior 24: 217–229.
Marlowe, F. W. 2004. Mate preferences among Hadza hunter-gatherers. Human Nature 15: 365–376.
Marlowe, F. W. 2005. Hunter-gatherers and human evolution. Evolutionary Anthropology 14: 54–67.
Marlowe, F. W. 2007. Hunting and gathering: The h
 uman sexual division of foraging
labor. Cross- Cultural Research 41, 170–195.
Marlowe, F. W. 2010. The Hadza: Hunter-gatherers of Tanzania. Berkeley: University of
California Press.
Maynard Smith, J. 1977. Parental investment: A prospective analysis. Animal Behaviour 25: 1–9.
McPherron, S. P., Z. Alemseged, C. W. Marean, J. G. Wynn, D. Reed, D. Geraads, R. Bobe,
and H. A. Béarat. 2010. Evidence for stone-tool-assisted consumption of animal
tissues before 3.39 million years ago at Dikika, Ethiopia. Nature 466: 857–860.
Minge-K levana, W. 1980. Does l abor time decrease with industrialization? A survey
of time-allocation studies. Current Anthropology 21: 279–298.
Mitani, J. C., D. P. Watts, and S. J. Amsler. 2010. Lethal intergroup aggression leads to
territorial expansion in wild chimpanzees. Current Biology 20: R507–R508.
Mitani, J. C., D. P. Watts, and J. S. Lwanga. 2002. Ecological and social correlates of
chimpanzee party size and composition. In C. Boesch, G. Hohmann, and L. F.

514-69645_ch01_1P.indd 567

—-1
—0
—+1

7/10/17 6:10 PM

568

-1—
0—
+1—

chimpanzees and human evolution

Marchant, eds., Behavioural Diversity in Chimpanzees and Bonobos, 102–111. Cambridge: Cambridge University Press.
Muller, M. N., S. M. Kahlenberg, M. Emery Thompson, and R. W. Wrangham. 2007.
Male coercion and the costs of promiscuous mating for female chimpanzees. Proceedings of the Royal Society B: Biological Sciences 274: 1009–1014.
Muller, M. N., M. E. Thompson, S. M. Kahlenberg, and R. W. Wrangham. 2011. Sexual
coercion by male chimpanzees shows that female choice may be more apparent
than real. Behavioral Ecology and Sociobiology 65: 921–933.
Muller, M. N., M. E. Thompson, and R. W. Wrangham. 2006. Male chimpanzees prefer
mating with old females. Current Biology 16: 2234–2238.
Murdock, G. P., and C. Provost. 1973. Factors in the division of labor by sex: A cross-
cultural analysis. Ethnology 12: 203–225.
Murray, C. M., S. V. Mane, and A. E. Pusey. 2007. Dominance rank influences female
space use in wild chimpanzees, Pan troglodytes: Towards an ideal despotic distribution. Animal Behaviour 74: 1795–1804.
Newton-Fisher, N. E., M. E. Thompson, V. Reynolds, C. Boesch, and L. Vigilant. 2010.
Paternity and social rank in wild chimpanzees (Pan troglodytes) from the Budongo
Forest, Uganda. American Journal of Physical Anthropology 142: 417–428.
Noss, A. J., and B. S. Hewlett. 2001. The contexts of female hunting in central Africa.
American Anthropologist 103: 1024–1040.
Opie, C., Q. D. Atkinson, R. I. M. Dunbar, and S. Shultz. 2013. Male infanticide leads to
social monogamy in primates. Proceedings of the National Academy of Sciences 110:
13328–13332.
Palombit, R. A. 1999. Infanticide and the evolution of pair bonds in nonhuman primates. Evolutionary Anthropology 7: 117–129.
Pillsworth, E. G. 2008. Mate preferences among the Shuar of Ecuador: Trait rankings
and peer evaluations. Evolution and Human Behavior 29: 256–267.
Plavcan, J. M. 2012. Sexual size dimorphism, canine dimorphism, and male-male
competition in primates: Where do humans fit in? Human Nature 23: 45–67.
Pusey, A. E. 1983. Mother-offspring relationships in chimpanzees after weaning. Animal Behaviour 31: 363–377.
Ramirez Rozzi, F. V., and J. M. Bermudez de Castro. 2004. Surprisingly rapid growth
in Neanderthals. Nature 428: 936–939.
Roach, N. T., and B. G. Richmond. 2015. Clavicle length, throwing performance and
the reconstruction of the Homo erectus shoulder. Journal of Human Evolution 80:
107–113.
Ruff, C. B., and M. L. Burgess. 2015. How much more would KNM-W T 15000 have
grown? Journal of H
 uman Evolution 80: 74–82.
Sailer, L. D., S. J. C. Gaulin, J. S. Boster, and J. A. Kurland. 1985. Measuring the relationship between dietary quality and body size in primates. Primates 26: 14–27.
Schacht, R., and M. Borgerhoff Mulder. 2015. Sex ratio effects on reproductive strategies in humans. Royal Society Open Science 2: 140402.

514-69645_ch01_1P.indd 568

7/10/17 6:10 PM

Cooper ation between the Sexes

569

Sear, R., and R. Mace. 2008. Who keeps c hildren alive? A review of the effects of kin
on child survival. Evolution And Human Behavior 29: 1–18.
Smith, E. A., R. B. Bird, and D. W. Bird. 2003. The benefits of costly signaling: Meriam
turtle hunters. Behavioral Ecology 14: 116–126.
Stieglitz, J., M. Gurven, H. Kaplan, and J. Winking. 2012. Infidelity, jealousy, and wife
abuse among Tsimane forager-farmers: Testing evolutionary hypotheses of marital conflict. Evolution and Human Behavior 33: 438–448.
Stieglitz, J., A. V. Jaeggi, A. D. Blackwell, B. C. Trumble, M. Gurven, and H. S. Kaplan.
2014. Work to live and live to work: Productivity and psychological well-being in
adulthood and old age. In M. Weinstein and M. A. Lane, eds., Sociality, Hierarchy,
Health: Comparative Biodemography, 195–220. Washington, DC: National Academies Press.
Stieglitz, J., H. Kaplan, M. Gurven, J. Winking, and B. V. Tayo. 2011. Spousal violence
and paternal disinvestment among Tsimané forager-horticulturalists. American
Journal of Human Biology 23: 445–457.
Stumpf, R. 2007. Chimpanzees and bonobos: diversity within and between species.
In C. J. Campbell, A. Fuentes, K. C. MacKinnon, M. Panger, and S. K. Bearder, eds.,
Primates in Perspective, 321–344. New York: Oxford University Press.
Stumpf, R. M., and C. Boesch. 2006. The efficacy of female choice in chimpanzees of
the Taï forest, Côte d’Ivoire. Behavioral Ecology and Sociobiology 60: 749–765.
Surbeck, M., R. Mundry, and G. Hohmann. 2011. Mothers matter! Maternal support,
dominance status and mating success in male bonobos (Pan paniscus). Proceedings of the Royal Society B: Biological Sciences 278: 590–598.
Teleki, G. 1973. The Predatory Behavior of Wild Chimpanzees. Lewisburg, PA: Bucknell
University Press.
Tennie, C., I. C. Gilby, and R. Mundry. 2008. The meat-scrap hypothesis: Small
quantities of meat may promote cooperative hunting in wild chimpanzees (Pan
troglodytes). Behavioral Ecology and Sociobiology 63: 421–431.
Thompson, J. C., S. Carvalho, C. W. Marean, and Z. Alemseged. In revision. The origins
of the h
 uman predatory pattern: The transitions to large animal exploitation by
early hominins. Current Anthropology.
Tokuyama, N., and T. Furuichi. 2016. Do friends help each other? Patterns of female
coalit ion formation in wild bonobos at Wamba. Animal Behaviour 119: 27–35.
Townsend, S. W., K. E. Slocombe, M. Emery Thompson, and K. Zuberbühler. 2007. Female-led infanticide in wild chimpanzees. Current Biology 17: 355–356.
Trivers, R. 1972. Parental investment and sexual selection. In B. Campbell, ed., Sexual
Selection and the Descent of Man, 136–179. Chicago: Aldine.
Tuljapurkar, S. D., C. O. Puleston, and M. D. Gurven. 2007. Why men matter: Mating
patterns drive evolution of human lifespan. PLoS ONE 2: e785.
van Noordwijk, M. A., and C. P. van Schaik. 2004. Sexual selection and the careers of
primate males: Paternity concentration, dominance-acquisition tactics and
transfer decisions. In P. M. Kappeler and C. P. van Schaik, eds., Sexual Selection in

514-69645_ch01_1P.indd 569

—-1
—0
—+1

7/10/17 6:10 PM

570

-1—
0—
+1—

chimpanzees and human evolution

Primates: New and Comparative Perspectives. Cambridge: Cambridge University
Press. 208–229.
van Schaik, C. P. 1989. The ecology of social relationships amongst female primates.
In V. Standen and R. A. Foley, eds., Comparative Socioecology. The Behavioural
Ecology of H
 umans and Other Mammals, 195–218. Oxford: Blackwell Scientific.
van Schaik, C. P., and P. M. Kappeler. 1997. Infanticide risk and the evolution of male-
female association in primates. Proceedings of the Royal Society B: Biological Sciences
264: 1687–1694.
Watts, D. P. 1998. Coalit ionary mate guarding by male chimpanzees at Ngogo, Kibale
National Park, Uganda. Behavioral Ecology and Sociobiology 44: 43–55.
Watts, D. P. 2002. Reciprocity and interchange in the social relationships of wild male
chimpanzees. Behaviour 139: 343–370.
Watts, D. P., K. B. Potts, J. S. Lwanga, and J. C. Mitani. 2012. Diet of chimpanzees (Pan
troglodytes schweinfurthii) at Ngogo, Kibale National Park, Uganda, I: Diet composition and diversity. American Journal of Primatology 74: 114–129.
Watts, D. P., H. M. Sherrow, and J. C. Mitani. 2002. New cases of inter-community infanticide by male chimpanzees at Ngogo, Kibale National Park, Uganda. Primates.
43: 263–270.
White, F. J., and K. D. Wood. 2007. Female feeding priority in Bonobos, Pan paniscus,
and the question of female dominance. American Journal of Primatology 69: 1–14.
Williams, J. M., H.-Y. Liu, and A. E. Pusey. 2002. Costs and benefits of grouping for
female chimpanzees at Gombe. In C. Boesch, G. Hohmann, and L. F. Marchant, eds.,
Behavioural Diversity in Chimpanzees and Bonobos, 192–203. Cambridge: Cambridge
University Press.
Wilson, M. L., C. Boesch, B. Fruth, T. Furuichi, I. C. Gilby, C. Hashimoto, C. L. Hobaiter,
G. Hohmann, N. Itoh, K. Koops, J. N. Lloyd, T. Matsuzawa, J. C. Mitani, D. C. Mjungu,
D. Morgan, M. N. Muller, R. Mundry, M. Nakamura, J. Pruetz, A. E. Pusey, J. Riedel,
C. Sanz, A. M. Schel, N. Simmons, M. Waller, D. P. Watts, F. White, R. M. Wittig,
K. Zuberbühler, and R. W. Wrangham. 2014. Lethal aggression in Pan is better
explained by adaptive strategies than human impacts. Nature 513: 414–417.
Winking, J., M. Gurven, H. Kaplan, and J. Stieglitz. 2009. The goals of direct paternal
care among a South Amerindian population. American Journal of Physical Anthropology 139: 295–304.
Winking, J., H. Kaplan, M. Gurven, and S. Rucas. 2007. Why do men marry and why
do they stray? Proceedings of the Royal Society of London B: Biological Sciences. 274:
1643–1649.
Wood, B. M., and F. W. Marlowe. 2013. Household and kin provisioning by Hadza men.
Human Nature 24: 280–317.
Wood, B. M., and F. W. Marlowe. 2014. Toward a reality-based understanding of Hadza
men’s work. Human Nature 25: 620–630.
Wrangham, R. W. 2009. Catching Fire: How Cooking Made Us H
 uman. New York: Basic
Books.

514-69645_ch01_1P.indd 570

7/10/17 6:10 PM

Cooper ation between the Sexes

571

Wroblewski, E. E. 2010. Paternity and Father-Offspring Relationships in Wild Chimpanzees, Pan troglodytes schweinfurthii. Ph.D. dissertation, University of Minnesota.
Wroblewski, E. E., C. M. Murray, B. F. Keele, J. C. Schumacher-Stankey, B. H. Hahn, and
A. E. Pusey. 2009. Male dominance rank and reproductive success in chimpanzees, Pan troglodytes schweinfurthii. Animal Behaviour 77: 873–885.
Zollikofer, C. P. E., and M. S. Ponce de León. 2010. The evolution of hominin ontogenies. Seminars in Cell and Developmental Biology 21: 441–452.

—-1
—0
—+1

514-69645_ch01_1P.indd 571

7/10/17 6:10 PM

