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Sexual Division of Labor: Energetic and Evolutionary Scenarios
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ABSTRACT This article examines comparative energetic data on hunter—gatherers in the context
of evolutionary scenarios of the sexual division of labor, with respect to both specific task allocation
and overall levels of daily physical activity. The division of labor between men and women, well
marked in contemporary foraging societies, was once posited as the “true watershed” for the evolution
of the genus Homo. Some research on brain-wiring even links sex differences in cognitive and spatial
abilities to sex-specific foraging activities. Most recent evolutionary arguments posit that men focus
on hunting and women on gathering activities to realize potentially conflicting mating and parenting
goals. A range of cooperative strategies (male/female and female/female) for child provisioning is also
under investigation. Attention to energetic and reproductive trade-offs has usefully challenged the
proposition that women are excluded from big-game hunting due to constraints of foraging ecology
and reproduction. Simplistic assumptions about gender roles are thus increasingly questioned in
anthropology, as well as in archaeology. Current models in behavioral ecology explore ways in which
foraging practices vary with ecological circumstances, aiming to derive testable hypotheses from fine-
grained data on the behavior of contemporary hunter—gatherers. Data on overall physical activity
levels (PAL) can also serve to evaluate relative male/female workloads in modern groups, reconstruct
hominid energy requirements and activity profiles, and examine changes with subsistence intensi-
fication. Male/female PAL ratios show that a task-specific division of labor does not readily extrap-
olate to 24-hour energy expenditure and that male/female differences in workloads were not
necessarily reduced with the transition to agriculture. With respect to gender roles and PAL, a shift
away from facile stereotypes of human behavior is evident. The challenge is to incorporate a range of
behavioral responses to ecological circumstances in reconstructions of our evolutionary past. Am. J.

Hum. Biol. 14:627-640, 2002.

The division of labor between men and
women, encapsulated in the memorable
phrase “Man the Hunter, Woman the
Gatherer” (Lee and DeVore, 1968; Dahl-
berg, 1981), is a well-known and much-de-
bated feature of foraging societies. In
particular, the portrayal of subsistence ac-
tivities, whereby men hunt big game while
women procure vegetable foods and small
game 1s a consistent feature of the alloca-
tion of tasks in modern (and past) foragers.
This portrayal has hardened into a stereo-
typic view of what men and women do in
foraging societies, a view which does little
justice to the historically and culturally
specific ways in which modern foraging so-
cieties organize daily work responsibilities
(Balme and Beck, 1993; Brightman, 1996;
Endicott, 1999).

The sexual division of labor was once
posited as a key behavior propelling the
course of human evolution (Lancaster and
Lancaster, 1983). It was then associated
with a “package” of behaviors related to
food sharing, food provisioning, and even
pair bonding (see Zihlman, 1991). The na-
ture of a “package” driving the course of
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hominid evolution and the success of hunt-
er—gathering ways of life has been debated
many times (Wrangham et al., 1999; Lan-
caster et al., 2000; Kaplan et al. 2000, 2002;
Panter-Brick et al., 2001; Stanford and
Bunn, 2001). Such reconstructions of hu-
man evolution draw directly upon evidence
from modern foragers: thus big-game
hunting in the Upper Paleolithic has been
portrayed in the mirror image of hunting
activities by San men (Bernaldo de Quirds,
1987). A stereotypic view of subsistence ac-
tivities has often been conveyed in evolu-
tionary scenarios of male and female
activities, despite more nuanced data from
foragers to the contrary.

This article evaluates the extent to which
evolutionary scenarios regarding the sexual
division of labor have been informed by
current energetic data. It considers research
on both specific task allocation and overall
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levels of daily physical activity. Recent evo-
lutionary theories as to why males specifi-
cally hunt and women usually gather,
framed in terms of trade-offs between mat-
ing and parenting goals, draw heavily upon
energetic data from contemporary foragers
to show how foraging activities are finely
tuned to ecological circumstances. Similarly,
reconstructions of hominid activity profiles
are reliant upon data on levels of daily en-
ergy expenditure in contemporary societies,
raising questions about the extent of male/
female differences across various subsis-
tence regimes. To a large extent, energetic
models of foraging subsistence have moved
away from facile stereotypes of gender roles
and activity patterns. Following the adop-
tion of more finely grained models of human
behavior, they provide a useful range of
hypotheses pertaining to the course of hu-
man evolution.

EVOLUTIONARY CONSIDERATIONS

Given that no other primate group fea-
tures a sexual division of labor to organize
subsistence activities, what explains its or-
igins in humans? When did the sexual di-
vision of labor evolve: with protohominids,
Homo erectus, or Homo sapiens? Does the
division of labor whereby women are pre-
cluded from big-game hunting have any-
thing to do with energetic or biological
constraints? And what is the evolutionary
significance of a food-sharing behavior
predicated on different male and female
activities? These are some of the major
questions debated in the literature.

Lancaster and Lancaster (1983, p. 36) held
the sexual division of labor and food sharing
as the “true watershed for differentiating
ape from human life ways.” Accordingly,
“the fundamental platform of behavior for
the genus Homo was the division of labor
between male hunting and female gather-
ing, which focused on a unique human pat-
tern of parental investment—the feeding of
juveniles” (p. 51). Indeed, a major difference
between human and nonhuman primates is
that humans provision their children after
weaning until about puberty. Lancaster and
Lancaster (1983) noted that “in contrast to
humans, the juvenile monkey or ape feeds
itself,” such that child provisioning is a de-
fining trait of human evolutionary history.
Bogin (1997, 1998) has argued that the hu-
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man reproductive strategy, in contrast to
that of living apes and extinct hominids,
hinges on the insertion of a new life stage
(childhood) between the end of infancy and
the juvenile period, namely, after weaning
but before the ability to eat human foods
(Geary and Bjorklund, 2000). This stage of
development is most prolonged in Homo sa-
piens to allow for brain development and
social learning. Konner (1991, p. 427) stated
this most simply: “We are the species that
takes care of children” (italics in original).

Male/female activities and brain-wiring
scenarios

How this parental investment strategy
might relate to the subsistence strategies of
men and women is under lively debate.
Some research even links sexual dimor-
phism in the brain to differential male and
female activities, based on evidence that
men and women use different cognitive
strategies to solve navigation tasks. While
men activate the left hippocampus, an area
of the brain involved in spatial tasks,
women activate the right prefrontal cortex
(Groén et al., 2000). Such differential brain-
wiring would allow men to outperform
women on spatial tasks, and women to
outperform men on verbal abilities (Falk,
1988, p. 122). While interpretation of this
research is contentious,® it is important to
note, as expressed by Falk (p. 124), that
“finely shaded but significant sex differ-
ences characterize human behaviors,” and
then to ask, what might have driven this
brain evolution? Falk explicitly proposed
that the “cognitive specialities of men and
women evolved for reasons to do with clas-
sical ‘reproductive fitness’—i.e., superior
visuospatial skills [in] male ancestors of
hominids for finding mates (and the way
home)” and superior verbal skills “selected
in female ancestors in conjunction with
mothering” (p. 133). Falk highlighted that
comparative mammalian evidence suggests
a deep time-scale for male/female brain

Tongue in cheek, Matt Ridley (1996) thus summa-
rized these sex-related cognitive differences: men are
“innately better at throwing things,” are ... “more car-
nivorous ... generally prefer large meals to frequent
snacks ... prove consistently better at map reading” (p.
95). In the editorial of Nature: NeuroScience, Nara-
simham (2000), introducing the research by Gron et al.,
asked whether their findings had to do with “the no-
torious male reluctance to ask for directions” (p. 306).
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asymmetries and their association with
differential activities, geared to mating (for
males) and parenting (for females).

One evolutionary scenario to explain sex
differences in “way-finding” starkly desig-
nates itself as the “hunter—gatherer theory
of the origin of sex-specific spatial attri-
butes” (Silverman and Eals, 1992; Silver-
man et al.,, 2000). It is argued that the
ability of men to generate a mental map of
unfamiliar environments, in contrast to the
ability of women to remember landmarks
and the location of objects (male spatial
competencies are distinct from female loca-
tion memory) are related to foraging prac-
tices and the sexual division of labor (see
Joseph, 2000). This field is well reviewed by
Geary (1998a), who argued that sex differ-
ences in physical and cognitive skills are
more readily understood in terms of sexual
selection than the division of labor (Geary,
1998a, 1998b).

Brain-wiring scenarios easily lend them-
selves to stereotypic views of male/female
abilities and patterns of activity, overlook-
ing individual variability. Undoubtedly,
human subsistence activities and a sexual
division of labor have implications for hu-
man evolutionary biology. However, ob-
served differences in brain-wiring can
reflect not just biological programming (the
action of natural selection on mating and
parenting activities) but also training
(learned cultural habits). London taxi driv-
ers, for example, have a very large hippo-
campus, which is larger if they are more
experienced (Maguire et al., 1997). The
hippocampus presumably develops to help
reflect the drivers’ extraordinarily large
mental map of London geography and nav-
igation skills. As in present-day taxi drivers,
a “topographical memory” would have de-
veloped in hominid foragers, to develop
mental maps of the world to forage for
subsistence. Arguably, hunting “is the most
learning-intensive foraging strategy prac-
ticed by humans” over areas often exceeding
1,000 km? per year (Kaplan et al., 2000: p.
170-171). Whoever foraged over a large
habitat would have maximized their way-
finding skills. Thus visuospatial skills vary
not just by sex and biology, but also by oc-
cupation and experience. Interestingly, both
nature and culture shape the emergence of
sex differences in children’s play behaviors
said to lay the ground for sex differences in
adulthood and to reflect sex differences in
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parental investment throughout human
evolution (Bjorklund and Shackelford, 1999;
Geary and Bjorklund, 2000).

With respect to the activities of present-
day and past foragers, two important ques-
tions arise: What accounts for the pervasive
division of labor by sex? And what is its sig-
nificance for human evolution? Several hy-
potheses are currently under examination.

Evolutionary scenarios along mating
or parenting goals

One debate in the literature focuses on
what started the human evolutionary
strategy of provisioning children, and who
did it, men by hunting, or women by gath-
ering? Bird (1999) succinctly outlined the
two main competing propositions in the
field of behavioral ecology, which hinge the
division of labor on either cooperation or
conflict. The cooperative parental provi-
stoning model has men and women dividing
subsistence tasks in order to maximize food
returns, minimize potential risks, and/or
ensure defendable resources, to better pro-
vision their offspring. By contrast, the con-
flict model recognizes that men and women
can choose very different trade-offs between
mating and parenting goals.

Hunting activities have long been inter-
preted as male parental provisioning in
contemporary and archaeological settings.
However, Hawkes et al. (1997) have force-
fully argued that human males hunt pri-
marily to gain mating opportunities, i.e., to
maximize mating rather than parenting
goals. Evidence from primate, archaeologi-
cal, and ethnographic material, discredits
“the long-standing hypothesis that men
hunt primarily to provision their wives and
offspring” (p. 30). Thus, in chimpanzees,
males hunt for mating opportunities—to
share meat with females in estrus, not with
dependents. And hunting is overwhelming-
ly a male activity (Stanford, 1995), possibly
evolved for the purposes of “seduction”
(Ridley, 1996: Stanford et al., 1994; Stan-
ford, 1996). Second, in Homo erectus the
evidence for active hunting and central
place foraging, featuring transport of food
back to home base, has been reevaluated.
Last, among modern foragers, big-game
hunting can be a rather poor strategy for
feeding a family. It is risky and returns are
unreliable, compared to gathering or hunt-
ing small game (Hawkes et al., 1997). Thus,
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male hunting exists for reasons other than
paternal provisioning, such as to maximize
mating rather than parenting goals. There
are situations, of course, where men satisfy
both goals (among the Ache, hunting di-
rectly benefits families and makes a signif-
icant contribution to dietary intake, Kaplan
et al., 2000). It is instructive, nonetheless,
to explore whether the sexual division of
labor results from strategies driven by
compromise, cooperation, or conflict (Bird,
1999), or a mix of these.

Effectively downplaying its significance
for human evolution, Hawkes and col-
leagues (O’Connell et al., 1995, 1999) do not
view the sexual division of labor as “the key
transition in human evolution.” Rather,
routine mother—child provisioning, in con-
trast to male hunting, had more powerful
evolutionary implications. Thus, where cli-
matic change led to a decline in resources
(such as fruit) which juveniles could har-
vest, provisioning children would have al-
lowed for an expansion of habitat, while
help with childcare (notably by grand-
mothers, rather than fathers) would have
increased fertility. Children could have
been provisioned, not with meat (by men),
but with tubers (by women), a resource that
yielded high returns and was reliable, but
could only be processed by adults. Emphasis
is thus shifted from male/female to female/
female cooperative behaviors, and from
meat to vegetable sources. This reconstruc-
tion is offered as an alternative scenario for
the evolution of Homo erectus (ergaster).

Conversely, Kaplan et al. (2000) empha-
size that males actually do most of the
provisioning of children and reproductive-
age women among contemporary foragers.
It is estimated that forager men provide not
only all of the protein but also 97% of calo-
ries to offspring (Kalpan et al., 2002); no
measure of variability across groups is
provided. The authors present data on the
dietary intakes of 10 groups to demonstrate
that “hunting provides the greatest energy
component of human diets in many foraging
societies” (Kaplan et al.,, 2000, p. 174),
which is interpreted as reflecting parental
investment rather than mating effort. The
authors also argue that male hunting is
fundamental to the human life-history ad-
aptation. It represents, relative to chim-
panzees, a change in feeding niche focused
on large, high-quality, but difficult-to-ac-
quire foods, which would have driven human
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evolution towards increased intelligence,
delayed growth and maturation, an excep-
tionally long lifespan, and male provision-
ing of females and their offspring (with
lower mortality rates and enhanced food
sharing). Kaplan et al. (2000, p. 161) thus
see “the shift to calorie-dense, large-pack-
age, skill-intensive food resources” as re-
sponsible for the unique evolutionary
trajectory of the genus Homo, and the male/
female division of labor resulting from es-
sentially cooperative strategies for provi-
sioning children.

Reviewing the literature on paternal in-
vestment, Geary (2000, p. 72) also insists
that “the most noteworthy feature of hu-
man parental care is that many fathers
show some degree of direct and indirect
investment in their children,” a trait re-
markable in light of the mammalian re-
productive strategy. Among mammals,
lactating females can effectively provision
an infant, leaving males to focus on mating
effort (among chimpanzees and bonobos,
males typically provide no paternal in-
vestment). For Geary, the evolution (and
proximate expression) of paternal care is
more strongly related to mating effort than
parental effort, as shaped by the nature of
male/female reproductive strategies and
sexual selection. However, the strategy is
flexible, in that social and ecological con-
ditions modify the expression of parental
care, and given that individuals may vary
emphasis on mating and parenting at dif-
ferent points of their lifespan and in rela-
tionships with different partners (Geary,
2000; after Draper and Harpending, 1988).
This argument goes beyond reiterating the
point of sex differences in the expression of
parental care. Future research could use-
fully move towards modelling the range of
circumstances affecting male/female and
female/female subsistence strategies and
child provisioning behaviors.

Evolutionary scenarios featuring energetic
and reproductive constraints

Returning to women’s activities, other
important questions arise. Do reproductive
responsibilities limit the nature or extent
of women’s foraging activities, and effec-
tively exclude them from large-game
hunting? To what extent can women com-
bine their productive and reproductive re-
sponsibilities? It is now well known that
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the 'Kung San walk 2,400 km annually
while carrying equipment, food, and a child
weighing 3 kg at birth and 11-15 kg at age
4 (Lee, 1979, p. 310; Bentley, 1985; Blurton
Jones, 1987). Can they manage to multi-
task and avoid energetic/reproductive trade-
offs altogether?

As Bird (1999, p. 72) stated, a common
“assumption is that the origins of the sexual
division of labor lie in the physiological
constraints and trade-offs faced by females
with small children, namely birthing,
nursing, and transporting children which
force women into relative immobility.” She
emphasized that “such trade-offs may ex-
plain variability in time allocation to food
production according to reproductive status,
but they do not explain differences in the
resource choice of men and women” (p. 72).
This marks a shift of attention away from
the largely binary consideration of male/fe-
male division of labor in earlier studies
(Brown, 1970; Murdock and Provost, 1973;
Burton and White, 1977) towards more
careful analysis of how reproductive re-
sponsibilities affect women per se.

For example, Peacock (1991) contended
that a test for the “compatibility” between
subsistence and reproductive tasks should
be based on detailed measures of women’s
activities at different stages of their child-
bearing careers (see Hurtado et al., 1992).
Peacock also usefully contrasted energetic
with strictly logistic constraints. Evidence
from the Efe of the Ituri forest revealed the
former type of constraints (on work inten-
sity) during pregnancy and drew attention
to cooperative strategies between women
(for infant caretaking), namely female/fe-
male cooperative behaviors which could
have important implications for models of
human evolution. In Peacock’s (1991) view,
scenarios of the sexual division of labor
based on women’s involvement with child-
care had hitherto restricted their focus to a
narrow range of subsistence tasks, child-
care behaviors, and type of constraints.

Evolutionary “narratives” and
gender stereotyping

The phrase “the sexual division of labor”
refers specifically to lack of big-game hunt-
ing by women, but is often misleadingly
applied to the gamut of subsistence activi-
ties. Although women are said not to
“hunt,” women nearly everywhere take
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small game, fish, and shellfish, and do so
while childbearing. The overlap of male and
female subsistence tasks is usually consid-
erable. But (nearly) universally, women do
not pursue very large game and are pro-
hibited from touching male hunting weap-
ons (Brightman, 1996).

A famous exception to the rule is the Agta
of the Philippines. Agta women hunt wild
pig and deer with bows and arrows, accom-
panied by dogs, although hunting “is rea-
sonably dangerous and arduous” (Estioko-
Griffin and Griffin, 1985, p. 71). Moreover,
Agta mothers assume main responsibilities
for their children, hunting with babies
strapped to their backs. In drawing the im-
plications of Agta activities, Estioko-Griffin
and Griffin (1985) stated that the Agta offer
one perfectly plausible model of human
evolution, and consequently argued in favor
of pluralistic models of hominid evolution,
including ones in which women would have
participated in hunting even while child-
bearing. Examples such as the Agta chal-
lenge the assumption that exclusion of
women from hunting is a necessary feature
of evolutionary biology and foraging ecology.
Ethnographic cases of women hunting are
rare—it is interesting that Agta women
should hunt with the help of dogs, domesti-
cated only since the European Mesolithic,
and should profit from trading meat for
starch with settled horticulturalists. They
are, however, far from insignificant. Among
Cheyenne and Mbuti, women participate in
communal hunts while Amazonian Mastes
women (Romanoff, 1983) hunt with men.

The study of “an engendered past,” based
on a careful reconstruction of male/female
activities, also has important implications
for archaeologists.? The interesting subfield
of archaeology devoted to reconstructing
gender® identities from past material has

2For instance, Jackson (1991) argued that women’s
economic activities (processing acorn) had critical im-
pact on social change and settlement patterns among
the precontact Mono Indians of California, but that
evidence for the processing of vegetable matter is often
sidelined by archaeologists. Sassaman (1998) argued
that perceived changes in lithic technology marking the
“transition” from mobile to sedentary prehistoric soci-
eties simply reflects the increased visibility of women in
the archaeological record.

3The analytical concept of gender (a social construct)
is distinct from biological sex (see Serensen, 2000).
There can be more than two genders (consider cultural
constructions of hermaphrodism, homosexuality,
childhood and old age; see Lesick, 1991).
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gathered substantial momentum (Walde
and Willows, 1991; Nelson, 1997; Moore
and Scott, 1997; Hays-Gilpin and Whitley,
1998; Sassaman, 1998; Armelagos, 1998;
Serensen, 2000). As highlighted by Conkey
and Spector (1998, p. 17), it finds the
“common assumption of a relatively rigid
sexual division of labor” highly question-
able. “Although archaeologists are generally
cautious about simplistic ethnographic
analogies, this has not been true with
regard to the subject of gender” (p. 13), such
that the interpretation of archaeological
material overtly or covertly reflects stereo-
typic assumptions about task-allocation
and activity patterns.” Hurcombe (1997)
called this the BIG problem—Biased Inter-
pretations of Gender—while Willoughby
(1991) showed that the most popular
models of the sexual division of labor are
often “fossil free” or “even fossil proof.”
Deliberately focusing the attention of
archaeologists on women fosters a more
critical approach, restructuring assump-
tions about “mankind” and “man’s past”
(Conkey, 1991).

Brightman (1996) also explicitly ques-
tioned anthropological representations of
the sexual division of “foraging labor.” In
particular, he criticized the lack of sound
evidence or the failed logic of most evolu-
tionary arguments adduced to explain why
women do not hunt large game, namely,
women lack muscular strength and en-
durance, women lack a psychological dis-
position  towards aggression, female
(menstrual) odors drive away game, re-
productive constraints are conditions in-
compatible with hunting, and reproductive
fitness (risks of female mortality, fetal
wastage, or child mortality) is adversely
affected. Thus, with respect to reproduc-
tive constraints, pregnancy and lactation
would not preclude women from hunting
before, after, and between reproductive
events, or from eliciting the help of other
mothers to care for children left behind

“Challenging these assumptions, however, there ex-
ists even in art a minority of pictorial representations
showing a reversal of gender stereotyping (Moser,
1993). These include portrayals of “prehistoric cave-
women” defending themselves against a bear, woman
as “the flintmaker in Paleolithic times” and a “pack-
hunting model of hominid life” used by Binford (1984),
illustrating hunting-based models of evolution without
a stereotypic division of labor or well demarcated male
and female roles (in Moser, 1993).
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during hunting trips. “Child backload
renders women’s hunting relatively less
efficient but not impossible” (Brightman
1996, p. 700). This, however, leaves open
the question whether energetic constraints
make hunting profitable for women. Ka-
plan et al. (2002) argue that for women it
pays not to hunt because hunting entails a
very long period of skill acquisition to
make it worthwhile.

Brightman (1996, p. 691) was critical of
evolutionary arguments when they reveal
an “abiding confidence that the practices in
place are the best possible ones,”—a Pan-
glossian profession of faith. He argued that
versatility or flexibility in task allocation
(not necessarily predicated on gender)
would be a quite successful strategy for
foraging groups. However, evolutionary
“narratives” have been powered by the view
that foraging women are “physically weak,
immobilized by nursing children, engrossed
in the provisioning of reliable plant foods,
redolent with odors that drive away the
game, and subject to the axiom that spe-
cialization everywhere increases productiv-
ity”...“the product at once of logistical
necessity and evolutionary selection”
(Brightman, 1996, p. 687). It should not
simply be assumed that the exclusion of
women from hunting rests upon “natural”
physiological differences.

MODELLING FORAGING PRACTICES

Within the framework of evolutionary
ecology, it is important to generate hy-
potheses that are testable against ethno-
graphic and archaeological evidence. The
notion of trade-offs between reproductive
and energetic outcomes, in particular, has
yielded several hypotheses and overlapping
models of the sexual division of labor which
remain to be fully developed (Winterhalder,
2001). Thus, male hunting could be a fea-
ture of parental investment, or of mating
effort driven by sexual selection. The latter
include “showing off’ (hunting to trade
meat for prestige, not just for sex or feeding
children), a feature of male/male competi-
tion, and “costly signaling” (hunting to sig-
nal some particular valuable trait to an
audience of mates, allies, and competitors,
with little concern about how meat is actu-
ally distributed), often associated with fe-
male choice. While it is difficult to
distinguish between these hypotheses with
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current data, both are likely to be contin-
gent on social and ecological conditions
(Geary, 2000).

The more sophisticated models incorpo-
rate life history parameters to examine how
particular trade-offs vary for women of dif-
ferent ages, reproductive status, and social
support, such as done for the Ache and Hiwi
(Hurtado et al., 1992). This avoids the sim-
plistic binary opposition of considering only
males vs. females, and opens models to
further empirical testing. Importantly, be-
havioral ecology models make different
predictions for the way in which men’s and
women’s foraging practices should differ
with ecological variation. In essence, wom-
en should be guided by child welfare, while
men might be guided by opportunities for
mating and alliances. However, ecological
circumstances matter: they impinge on the
way foraging, mating, and parenting trade-
offs are articulated for individual men and
women.

Foraging trade-offs

Hawkes (1995) reviewed data from four
contemporary foraging groups, the Ache
(Paraguay forest), Hiwi (Venezuela savan-
na), Hadza (Tanzania), and 'Kung (Botswa-
na) in the context of the above predictions.
The ethnographic data are consistent with
the view that women’s foraging behaviors
reflect both parenting goals (child provi-
sioning) and key ecological features. Thus,
Ache mothers curtail foraging activities to
spend more time in childcare because the
forest area is very unsafe for children and
available resources are relatively abundant.
By contrast, Hiwi mothers focus on foraging
because camps are safe for children and
resources rather variable. The contrast be-
tween Hadza and !Kung is also drawn in
terms of ecological circumstances influenc-
ing trade-offs between foraging and child-
care. The Hadza hunt in teams and enlist
children to be energetic foragers because
the returns of such foraging strategy is
profitable. The !'Kung forage individually,
leaving their children in camp to crack
mongongo nuts to advance the tasks of food
processing.

The predictions are that men should hunt
and widely distribute meat in contexts
where they stand to gain from forging
additional alliances and mating. Such
research is easily typecast into fetching
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vignettes.” However, the situation is un-
doubtedly more complex, since it would be
wrong to portray men as free from any
constraints related to child provisioning
(Bird, 1999). Indeed, Kaplan et al. (2000,
and 2002) argue that despite considerable
variability in energy returns across forag-
ing groups, men do most of the provisioning
of children.

Variables shaping responses to
energetic trade-offs

Ecology matters as to the ways in which
trade-offs of foraging, mating, and parent-
ing are articulated in different groups. The
more sophisticated models of human be-
havior evaluate foraging behavior in terms
of number of dependents, type of resource
harvested, help enlisted by mate or Kkin,
ability of children to provision themselves,
and factors such as risk or relative envi-
ronmental safety. Much attention has been
given to evaluating the opportunity costs of
subsistence activities, which affect the sex-
ual division of labor (see Hurtado and Hill,
1990). Thus, Agta women may hunt because
the energetic benefits outweigh reproduc-
tive costs (Hurtado et al., 1985), or because
the method of hunting with the help of dogs
is compatible with women’s reproductive
responsibilities. These lessons may be ap-
plied to past societies and archaeological
material.

MALE/FEMALE LEVELS OF
PHYSICAL ACTIVITY

The subsistence regimes of hunter—gath-
erers have also been described in terms of
overall workloads, or energy expenditure
expressed as physical activity levels (PAL).
How have such data been used for models of
human evolution? There are several issues
of interest. First, how pronounced is the
division of labor in terms of overall levels,
rather than specific task allocation, among
modern foragers? Second, can the activity

5Ridley (1996), quick to enliven research linking
hunting activities with sexual opportunities, writes:
“The Hadza men are obsessive hunters and promiscu-
ous seducers. The !Kung are intermittent hunters and
largely faithful husbands” (p. 91). Similarly “Ache men
are keen hunters.... and trade meat for love,” while the
Hiwi are monogamous and spend little time hunting.
Hurtado and Hill (1992) provide the original interpre-
tation of the data.



634

patterns of hominid species be estimated,
using the existing profiles of modern forag-
ers and nonhuman primates? Third, what
happened to male vs. female workloads with
subsistence intensification?

Overall workloads for foraging men
and women

There are only three groups of foragers
for whom direct measurements of time al-
location and energy expenditure expressed
as PALS are available for both men and
women: the !Kung San, Ache, and Igloolik
Eskimo (Data from Leonard and Robertson,
1992; Katmarzyk et al.,, 1994). PAL are
customarily graded as light, moderate, or
heavy (FAO/WHO/UNU, 1985). For the
'Kung, PAL are light to moderate (1.71 for
men, 1.51 for women). For the other two
groups, by contrast, PAL are heavy (2.15 for
Ache men, 1.88 for Ache women; 2.2 for
Igloolik men, 1.8 for Igloolik women).

One way to evaluate to relative workload of
men vs. women is to take the ratio of PAL
values (Fig. 1). If the ratio exceeds 1, men are
more physically active than women. This is
true for all three forager groups. The use of a
simple ratio circumvents the problem of re-
lying on the absolute threshold values advo-
cated by the FAO/WHO/UNU (1985) and
James and Schofield (1990) to grade work-
load intensity, which may unhelpfully assign
a given PAL value to different levels of
physical activity according to sex. The
thresholds for light, moderate, and heavy
PAL are, respectively, 1.55, 1.78, and 2.1 for
men, and 1.56, 1.64, and 1.82 for women.” A
PAL value of 1.8 would be graded, following
international recommendations, as moder-
ate for men but heavy for women, while in the
Igloolik example, values of 2.2 for men and
1.8 for women are both graded as heavy
physical activity. The choice of sex-specific
PAL values to grade physical activity exists
for historical reasons. The FAO/WHO/UNU

SPAL are the ratios of total daily energy expenditure
(TEE) over maintenance levels (basal or resting meta-
bolic rates, BMR or RMR, often predicted values used
interchangeably in the literature); these are corrected
for body size and therefore facilitate comparisons across
populations. Energetic data on other forager groups
(e.g., presented by Sorensen and Leonard, 2001) have
not been expressed as PAL.

"The recommended thresholds yield slightly differ-
ent male/female PAL ratios (0.99 for light, 1.10 for
moderate, and 1.15 for heavy activity), which are
nonetheless close to unity.
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Male/female overall activity
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Fig. 1. Male/female overall activity (PAL ratio).
Data for modern foragers are from Katzmarzyk et al.
(1994), while data for modern farmers, showing varia-
tion in the wet and dry seasons, are from Panter-Brick
(1996).

heavily relied on data compiled by Durnin
and Passmore (1967), which showed clear sex
differences in the energy cost of single activ-
ities, leading to the adoption of a higher
threshold value for male “heavy work”
(Panter-Brick, 1996). At the time, however,
there were few studies systematically com-
paring both men and women in Third World
populations where women often assume very
heavy workloads. Available data have been
recently updated (e.g., Ainsworth et al., 1993;
Draper et al., 1997), but the justification for
sex-specific thresholds has yet to be reeval-
uated. At present, therefore, it is more useful
to use PAL ratios than absolute thresholds to
evaluate male/female workloads.

PAL ratios provide a way of evaluating, in
terms of overall daily energy expenditure,
the sexual division of labor at the level of
task allocation. Among the !Kung, Ache,
and Igloolik, differences in overall activity
levels between males and females are quite
small (Fig. 1 and 2a), which does not sup-
port common expectations that a hunter—
gathering division of labor should imply
marked differences in male/female energy
expenditure. Among Igloolik, for instance,
PAL are heavy for both men and women,
with a PAL ratio of only 1.2, even though
men were “hunters” and women were
“housewives.” Women had the job of pro-
cessing animal skins, which was demanding
in both time and energy. Across groups,
PAL profiles also fail to support the expec-
tation that male/female differences in en-
ergy expenditure should be greater among
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Fig. 2. Male and female physical activity levels (PAL, over and above maintenance levels). Data were derived
from time allocation and energy expenditure measurements for: (a) modern foragers (Leonard and Robertson,
1992; Katzmarzyk et al., 1994); (b) living primates (Leonard and Robertson, 1992); (¢) hominids (from sex-specific
estimates of, Leonard and Robertson, 1997); (d) modern farmers (Panter-Brick, 1996). Mean values are shown (no
measure of dispersion is readily available in the literature). The M/F ratios (male/female PAL ratios) were cal-

culated to evaluate relative workloads by sex.

the Ache than the !'Kung, given that the
former rely substantially more on meat (and
male hunting) for subsistence, and also that
Ache women bear many more children than
do the !Kung and curtail gathering activity
while nursing. Thus, common expectations
of how dietary factors and reproductive
constraints might shape task allocation do
not readily extrapolate to 24-hour energy
expenditure.

Hominid activity patterns

The PAL data of the !Kung and Ache have
also served to build evolutionary scenarios
and to estimate the activity profiles and
energy requirements of hominid species.
According to Jenike (2001), the !Kung

model is one of low-energy hunting and
gathering, associated with less physical ac-
tivity, smaller body size, and slower repro-
duction. The Ache, who live in a richer
environment, are a model for high levels of
physical activity, higher intakes, larger
body size, and a much higher reproductive
rate.

Leonard and Robertson (1992, 1997)
compared energy data for modern human
foragers with those available for living pri-
mates (Fig. 2a, b) in order to estimate those
of hominid species. In one simulation, a
“mixed” model was used whereby PAL for
australopithecines was derived from chim-
panzee data, PAL for Homo erectus and
sapiens was derived after the Ache (men
only), and PAL for Homo habilis was as-
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signed intermediate values (Fig. 2¢, Leon-
ard and Robertson, 1997). Because body
size increased with Homo erectus (espe-
cially in females), total energy expenditure
(predicted from body size and activity pat-
terns) would have increased dramatically
for this hominid. Thus, following the
assumptions of the “mixed” model, total
energy expenditure (TEE) would have
doubled for males and increased by 85% for
females over levels predicted for austra-
lopithecinces (Leonard and Robertson,
1997). It was suggested that a higher
quality diet would have been critical to fuel
the larger body size and greater physical
activity of Homo erectus, which in turn was
linked to the evolution of a hunting and
gathering strategy (whereupon scenarios of
food procurement, food processing, and food
sharing are important). A similar evalua-
tion of PAL and foraging efficiency for Ne-
andertal, based on energetic data for
modern foragers and nonhuman primates,
is presented by Sorensen and Leonard
(2001).

In a more recent context, data from
modern foragers have been contrasted with
the very low PAL among contemporary
Western populations. While estimated PAL
values are 1.8 for Homo erectus (a value
undifferentiated by sex, Leonard and Rob-
ertson, 1992), those of Western office
workers are only 1.37 or 1.18 (Cordain et
al., 1998; Chen, 1999). As stated by Cor-
dain et al. (1998, p. 331-332), the “TEE/
kg/d of typical contemporary humans is
about 65% that of late Paleolithic Stone
Agers... For typical Americans to approxi-
mate the TEE/kg/d of recently-studied
gatherer-hunters it would require adding
the equivalent of a 19 km (12 mile) walk for
a 70 kg man, to each day’s current activity
level!” Such statements, common in the
sports medicine literature, highlight the
health consequences of low physical activi-
ty in modern urban populations in contrast
to those of our ancestors (Panter-Brick, in
press).

Reconstructions of hominid activity
patterns and energy requirements gener-
ally proceed on the basis of TEE or PAL
data for men, rather than address male/
female differences, and adopt either the
!Kung or Ache model, without exploring
the implications of interpopulation vari-
ability documented for contemporary for-
agers.
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Subsistence intensification and
male/female workloads

What might have happened to PAL with
subsistence intensification, especially in
terms of differences between men and
women? Changes in overall workload
and sexual division of labor with shifts of
subsistence were examined by Sackett
(1996), who framed his thesis in terms
of whether portrayals of “original affluence”
or “Hobbesian destitution” rang true for
modern foragers. Using studies published
before 1989, Sackett calculated average
time, work intensity, and PAL from com-
posite data in multiple societies (the basis
for the -calculations is summarized in
Jenike, 2001). Sackett reported PAL for
foragers (men 1.78, women 1.72), horticult-
uralists (men 1.87, women 1.79), agricultu-
ralists (men 2.28, women 2.31), and
industrialists (men 2.38, women 2.20), not-
ing that the latter sample was biased in
terms of heavy manual occupations (no
measure of dispersion was provided). In
societies where women work harder, men
work harder as well (reflecting a demand
for family labor); as workloads increase,
however, men devote themselves to subsis-
tence activities and women to domestic
work (generating a starker division of la-
bor). Unfortunately, composite data to por-
tray “average” activity profiles do little to
further understanding of evolutionary sce-
narios. More finely tuned data of working
behavior, together with hypotheses as to
what factors might govern behavior chang-
es in response to local ecological conditions
are needed.

Another interesting line of evidence re-
garding male/female workloads rests upon
the comparison of prehistoric farmers with
foragers, especially on the basis of bones
and teeth. Larsen (1995, p. 204) noted that
the shift to agriculture in the late Pleisto-
cene led to “an increase in physiological
stress, a decline in nutrition, ... and an al-
teration of activity types and work loads.” A
decrease in the sexual dimorphism of bone
robusticity is usually taken to reflect the
decline of male long-distance hunting and
an increase in sedentism for both sexes
(Larsen, 1995). In particular, Frayer (1980:
p. 399) claimed that the “level of sexual
dimorphism within a population is roughly
proportional to the exclusivity of the divi-
sion of labor by sex.” Interestingly, Ruff
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(1987) differentiated the consequences of
overall activity level, which affect bone ro-
busticity, from type of activity, which affect
bone geometry (shape). After examining the
shape of long bones in various population
samples, Ruff (1987, p. 411) concluded that
“hunter-gatherer populations show the
greatest sexual dimorphism here, agricul-
tural population an intermediate level, and
industrial societies the least sexual dimor-
phism. This corresponds to a similar reduc-
tion in the sexual division of labor through
these three levels of subsistence technolo-
gy.” This is taken to support the view that
sex differences in mobility declined with the
adoption of agriculture. Furthermore, be-
cause the sexual dimorphism of Homo sa-
piens sapiens and Neandertal resembles
that of modern hunter—gatherers, the “sex-
ual division of labor, at least with regard to
relative mobility, appears to have been
similar to modern hunter-gatherers at least
as far back as the Middle Paleolithic” (Ruff,
1987, p. 411).

Bridges (1989) also evaluated size and
strength of long bones to reconstruct
changes in both level and type of activity
with the shift to maize agriculture, com-
paring Archaic hunter—gatherers and
farmers from the Mississipian period in
Alabama, USA. It was concluded that maize
agriculture was “more physically demand-
ing than hunting and gathering” (Bridges,
1989, p. 392) and affected women more than
men. It appears that farming led to a sexual
division of labor whereby women took on a
greater proportion of subsistence activities
(as reflected by greater changes in long
bone diaphyses relative to men). However,
Bridges (1989) did not to generalize the
findings to all populations in farming tran-
sition.

Bridges (1992) emphasized variation in
the sexual dimorphism of arthritis in pre-
historic samples, such that the response to
subsistence intensification with agriculture
(as reflected in joint stress) is complex. It
could, moreover, reflect activities other
than subsistence tasks, such as warfare.
For Larsen (1995), there also was no uni-
form biological transition with subsistence
intensification. There were clear differences
between males and females in dental health
and activity patterns, and clear evidence for
variability in health changes across geo-
graphical settings. This may well reflect
local variation in gender roles, which as
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Bolen (1991) argued, exhibit flexibility
rather than rigidity in the transition from
hunting and gathering to farming.

These various scenarios can be usefully
evaluated in light of recent PAL data on
modern foragers and farmers (Panter-Brick,
1996; Panter-Brick and Pollard, 1999). A
comparison between modern foragers and
farmers from Africa and South East Asia is
shown in Figures 1 and 2. Two important
points should be noted. First, PAL values
overlap significantly between foragers and
farmers (Fig. 2a,d). Thus, levels of physical
activity or “effort” are more similar between
foragers and farmers than simple readings
of hunter—gatherer “original affluence” have
suggested. The notions of affluence, in the
sense that needs or wants are easily satis-
fied, among hunter—gatherers has powered
many accounts of human evolution and
subsistence intensification (Rowley-Conwy,
2001), but are yet another example of ste-
reotyping activity patterns.

Second, the relative workloads of men and
women show perhaps greater variability
among farmers (Fig. 2d). PAL ratios show
that women work harder than men in the
Gambia and Upper Volta, while men work
harder than women in India and Nepal. In
particular, the comparison of PAL ratios
show clear examples where agricultural
subsistence strategies burden women more
greatly (as exemplified by the Gambia,
Fig. 1). The PAL data contradict a common
assumption that male/female differences in
overall workloads were reduced during the
transition from hunting and gathering to
agriculture (Ruff, 1987; Larsen, 1995), but
strengthen arguments that male/female
workloads show substantial variability
across ecological contexts. In Fig. 1, modern
foragers show similar male/female daily en-
ergy expenditure, while farmers exhibit
more variability in relative workloads.

How might male/female PAL respond to
seasonality? Seasonal shifts in the PAL ra-
tio are illustrated in Figure 1 for farmers,
but not for foragers, since data expressing
seasonal changes of time allocation or en-
ergy expenditure in terms of PAL values for
contemporary foragers an lacking. Indeed,
seasonal variation for foragers is usually
documented only in terms of energy intake,
acquisition rates, hours spent foraging, or
body weight changes (Hurtado and Hill,
1990; Jenike, 2001; Kaplan et al., 2001),
rather than in terms of TEE or PAL values
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(as done for farmers; Panter-Brick, 1996).
However, data so far available support the
conclusion that the sexual division of labor,
both in terms of overall workloads and task
allocation, is likely to be influenced by sea-
sonality: it varies with ecological con-
straints. By implication, one must strive to
explicitly incorporate behavioral plasticity
in response to local ecological changes in
models of human evolution.

CONCLUSIONS

Studies in the fields of behavioral ecology
(or evolutionary behavior) and nutritional
ecology grapple with energetic data and
have recently generated new ideas for un-
derstanding the course of human evolution.
These are still two separate sets of the lit-
erature, investigating the male/female “di-
vision of labor” from different angles,
focusing either on task allocation or overall
levels of physical activity. Yet both bear on
the question of reconstructing activity pat-
terns during hominid evolution.

In both research areas, a shift from a
normative to pluralistic models of human
behavior is evident. The stereotypic view of
“Man the Hunter, Woman the Gatherer”
has been displaced (although not dispelled)
in favor of more finely tuned models of for-
aging behavior, exploring the extent to
which potentially conflicting mating and
parenting trade-offs vary with life history
and local ecology. In particular, they look at
how energetic trade-offs may articulate
with reproductive events, social support,
resource selection, and environmental
safety. Better data on contemporary popu-
lations (whether foragers or farmers) have
led to the exploration of human adaptibility,
beginning with documenting the changes in
relative workloads under a range of ecolog-
ical constraints. The current approach is to
further understand human behavioral
variability, rather than seek to categorize
types of male/female behavior across sub-
sistence regimes. The challenge, of course,
is to incorporate such variability in what
men and women do, contingent upon social
and ecological constraints, in reconstruc-
tions of hominid evolution.
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