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Male Contribution to Diet and
Female Reproductive Success
among Foragers'
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Male-female bonds in humans have long been attributed
to the need for male assistance with provisioning of off-
spring (Westermarck 1929, Lovejoy 1981, Lancaster and
Lancaster 1983). Recently, however, attention has been
drawn to several features of modern foragers (and pre-
sumably our ancestors) that challenge the paternal-in-
vestment theory of human pair bonding: (1) Men in some
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foraging societies contribute less to the diet than women
do (Hiatt 1974, Kelly 1995) yet marriage still exists. (2)
Forager women are less dependent on husbands when
they can gather food and when they live with their own
kin, and postmarital residence is much more flexible
among foragers than in traditional agricultural societies
(van den Berghe 1979, Marlowe 2000a). (3) Hunting pro-
vides such unpredictable returns that it should be a poor
strategy for provisioning children (Hawkes, O’Connell,
and Blurton Jones 1991). (4) The foods men acquire (e.g.,
meat, fish, and honey) tend to be shared widely outside
the household (Kaplan and Hill 1985, Bliege Bird and Bird
1997, Hawkes, O’Connell, and Blurton Jones 2001), with
the result that the wives of good foragers may receive no
more food than others in camp. (5) The effect of fathers’
absence on offspring survival does not predict marital
stability as well as do men’s mating opportunities (Blur-
ton Jones et al. 2000). These challenges to the paternal-
investment theory have left some asking just how im-
portant provisioning by men is to forager women.

Females should allocate available energy to reducing
offspring mortality and/or increasing fertility in ways
that maximize their own reproductive success (Lack
1968, Smith and Fretwell 1974). Therefore, in this paper
I use demographic data on foragers to test whether male
provisioning—for which male contribution to diet serves
as a proxy—enhances female reproductive success.
While others have analyzed the demography of some for-
aging populations (Hewlett 1991; Bentley, Jasienska, and
Goldberg 1993; Kelly 1995; Pennington 1996; Sellen and
Mace 1997, 1999) and some have analyzed male contri-
bution to diet among foragers (Lee 1968, Hiatt 1974,
Barry and Schlegel 1982, Ember 1978, Kelly 1995), here
I consider the two together. In addition, I control for
habitat quality. The comparative approach I adopt ig-
nores variation within societies, which would be more
informative about cause and effect, but allows me to
generalize across all foraging societies. I will show that
male contribution to diet does enhance female repro-
ductive success and go on to discuss the implications of
this for our mating system.

MATERIALS AND METHODS

The sample included every society that derived all or
almost all of its subsistence from foraging and had data
on at least one of the relevant variables, a total of 161.
Many of these data come from previous compilations
(Hewlett 1991, Kelly 1995, Hill and Hurtado 1996). The
variables examined were the following:

1. Primary biomass (kg/m?), a measure of the resource
abundance or quality of a habitat. These data were taken
from Kelly (1995) or calculated using his formulas for
deriving primary biomass from primary production—the
plant biomass expected given the effective temperature
and precipitation. Even though there is relatively less
edible food for humans as primary biomass increases (per
kilogram), the absolute amount of edible food increases
because there are more kilograms per square meter (Kelly
1995). Primary biomass (henceforth simply biomass) may

be a crude measure of habitat quality, but it is an im-
portant control variable in this analysis. Because there
was no formula for arctic biomass, arctic societies were
excluded from all tests that control for biomass.

2. Male contribution to diet, the percentage of the diet
produced by men as opposed to women. In some cases,
the data available are only estimates based on the sex
that tends to acquire certain foods and the percentage of
those foods in the diet (Barry and Schlegel 1982, Kelly
1995), but I used actual measurements wherever they
were available. For example, in the case of the Hadza, I
weighed all food entering camp, converted this to kilo-
calories by type of food, and then calculated the per-
centage of the total kilocalories contributed by adult
males. (Ideally, one would measure actual consumption
by all members of a household while in camp and out
foraging and the exact amount of kilocalories acquired
by individuals on their own versus the amount given to
them by others over a long period of time and for all
households.)

3. Infant mortality, the percentage of children who die
within the first year of life (o-1 yr).

4. Juvenile mortality, the percentage of children who
die before age 15 (0-15 yr).

5. Postinfant juvenile mortality, mortality between
ages 1 and 15 years.

6. Total fertility race (TFR), the mean number of chil-
dren women have borne by the time they reach
menopause.

7. Age at weaning, the mean age at which children are
weaned.

8. Interbirth interval, the mean number of years be-
tween births, whether the previous child survived or died
before the birth of the subsequent child.

9. Female reproductive success, the number of children
surviving to age 15, calculated by multiplying TFR by
juvenile survivorship (100% — juvenile mortality) and di-
viding by 100. This takes into account both fertility and
mortality and is the best measure of the target of natural
selection.

All tests are either Pearson correlations or multiple
linear regressions, with p <0.05 recognized as significant.

RESULTS

Variation in male contribution to diet. Male contribu-
tion to diet varies from 25 to 100%, with a mean of 64%
(S.D.=18.3, n = 95). Because there is less edible plant
food for women to gather in colder climates, male con-
tribution is higher at higher latitudes, where effective
temperature is lower (r = —.512, p < 0.0005, n1 = 82).
Male contribution is also greater where biomass is
greater (r = .300, p < 0.031, n = 52, but because there
is no formula for calculating the biomass of arctic en-
vironment this correlation is inflated by the exclusion
of low-biomass arctic habitats, where the importance of
male provisioning is indisputable. In environments
where effective temperature is greater than 13°C (be-
tween about latitudes 45°N and 45°S, mean male con-
tribution to diet is §5% (S.D.=15.9, n = 36). Not sur-
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Fi1G. 1. Total fertility rate as a function of male con-
tribution to diet (3 = .497, p = o.o10, d.f. = 24).

prisingly, male contribution to diet is lower where more
of the diet comes from gathering (r = —.742, p < 0.0005,
n = 62) and higher where more of the diet comes from
fishing (r = .513, p < 0.0005, n = 62). It is not signifi-
cantly higher where more of the diet comes from hunting
(r = .238, p < 0.063, n = 62). It is higher in the New
World (70%, S.D.=14.9, n = 67) than in the Old World
(s0%, S.D.=17.9, n = 27), even when effective temper-
ature is greater than 13°C to exclude arctic societies
(62%, n = 20 versus 47%, n = 16). Both hunting and
fishing contribute more to the diet in the New World.

Variation in subadult mortality. Mean infant mortal-
ity is 22.32% (7.8-46%, S.D.=9.4, n = 18). Infant mor-
tality may be largely due to diseases that paternal in-
vestment can do little to ameliorate. Since diseases
should be more prevalent in warmer, wetter habitats, we
might expect infant mortality to increase with biomass,
and to a degree it appears to. Mean juvenile mortality is
45.08% (22-61%, S.D.=9.4, n = 20). Perhaps because
the immune system improves with age and exposure,
juvenile and postinfant juvenile mortality appear to de-
crease slightly with increasing biomass, suggesting that
infant and juvenile mortality have different causes (and
see Sellen and Mace 1999).

Variation in female fertility and reproductive success.
Mean TFR is §5.28 (.81-8.5, S.D.=1.68, n = 46). We might
expect fertility to be higher in high-biomass habitats, and
to a degree it appears to be (r = .130, n.s.). However, it
should also be affected by mortality, since when a nurs-
ling dies and nursing ceases there should be a shorter
interval to the next birth. Alternatively, more children
may put more strain on parental resources, resulting in
higher offspring mortality. TFR is significantly correlated
with juvenile mortality (r = .530, p = 0.016, n = 20]
but not with infant or postinfant juvenile mortality.
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Therefore it is probably the mortality of nurslings up to
three or four years old rather than infants below one year
that is most closely correlated with TFR, but there are
too few populations for which nursling mortality rates
are available to test this.

Mean age at weaning is 2.62 years (1—4.5, S.D.=.84, n
= 41) and is slightly less where TFR is higher. Mean
interbirth interval is 3.22 (1.75-4.83, S.D.=.76, n = 18).
The later women wean, the longer lactational subfe-
cundity should delay the next birth, and, as expected,
interbirth interval is longer when age at weaning is
greater (r = .803, p = 0.016, n = 8). Neither age at
weaning nor interbirth interval is correlated with bio-
mass. Mean female reproductive success is 3.11
(1.93-5.27, S.D.=.79, n = 20) and appears to increase
with biomass (r = .359, n.s.).

The impact of male contribution to diet on subadult
mortality. There is no relationship between male con-
tribution to diet and infant mortality, even when both
biomass and TFR are controlled. The same is true of
juvenile mortality and postinfant juvenile mortality, al-
though when biomass and TFR are controlled postinfant
juvenile mortality is slightly but not significantly lower
where male contribution to diet is greater (8 = —.632,
p = 0.213, d.f. = 6). The potential benefit of greater male
provisioning to older, weaned children in contrast to in-
fants would be straightforward, since their nutritional
status could be directly enhanced. Given the small num-
ber of cases, all we can say is that male contribution to
diet may lower postinfant juvenile mortality but cer-
tainly does not appear to lower infant mortality. This
again suggests that infant and postinfant juvenile mor-
tality have different causes and that if we could analyze
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Fi1G. 2. Age at weaning as a function of male contri-
bution to diet, controlling for primary biomass of hab-
itat (8 = .437, p = 0.028, d.f. = 26).
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postweaning juvenile mortality (children 415 years old),
we might see an effect of male contribution to diet.

The impact of male contribution to diet on female
fertility and reproductive success. Although greater male
contribution to diet may or may not reduce subadult
mortality, its impact on fertility is clear. Where male
contribution to diet is greater, women’s fertility (TFR) is
higher (8 = .497, p = o.010, d.f. = 24)(fig. 1). Controlling
for biomass, the positive effect of male contribution to
diet on TFR is even greater (8 = .740, p = 0.003, d.f. =
20). Greater male contribution to diet must allow fe-
males to maintain ovarian function better by foraging
less and spending less energy or by weaning earlier or
both. Age at weaning is lower where male contribution
to diet is greater (r = .279, p = 0.081, n = 40) and
significantly lower controlling for biomass (8 = —.437,
p = 0.028, d.f. = 26) (fig. 2).

Because greater male contribution to diet appears to
help women wean earlier and have more children, we
might expect it to shorten the interbirth interval. How-
ever, higher mortality will also have this effect, since a
woman can more quickly resume cycling after the death
of a child and the end of nursing. Interbirth interval is
therefore not a straightforward measure of reproductive
success, since it can be short because of high fecundity
or because of high mortality. When juvenile mortality is
controlled, interbirth interval is shorter where male con-
tribution to diet is greater, though not significantly. Here
the lack of significance can be attributed to the inclusion
of the Batak, for whom births are concentrated early in
life, when interbirth interval tends to be shorter. Mean
age at last birth is 26.3 for the Batak (Eder 1987), com-
pared with 39 for other foragers (Kaplan et al. 2000),

181 Controfled for Juvenile Mortality
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FiG. 3. Interbirth interval as a function of male con-
tribution to diet, controlling for juvenile mortality,
with the Batak excluded (8 = —.765, p = o.007, d.f. =
7).
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Fi1G. 4. Female reproduction success as a function of
male contribution to diet (8 = .648, p = o.0012, d.f. =
12).

partly because women may ingest a sterility-inducing
plant after a difficult birth or on reaching a desired num-
ber of children (Eder 1987). When the Batak are excluded
and juvenile mortality is controlled, greater male con-
tribution to diet does predict a shorter interbirth interval
(8 = —.765, p = o.007, d.f. = 7) (fig. 3). When biomass
is also controlled, the effect of male contribution to diet
is not significant (3 = —.585, p = 0.076, d.f. = 5), but
if nursling mortality could be controlled there would
likely be a stronger effect.

Since greater male contribution to diet increases TFR,
which in turn is positively correlated with juvenile mor-
tality, it is not clear whether we should expect greater
male contribution to diet to reduce subadult mortality.
What matters is whether it leads to greater female re-
productive success, the result of trade-offs between fer-
tility and mortality, and it does. The greater male con-
tribution to diet, the higher female reproductive success
(6 = .648, p = o.012, df. = 12, n = 14) (fig. 4). Con-
trolling for biomass makes the effect of male contribu-
tion to diet even stronger (8 = .861, p = 0.007, d.f. =
10).

Male contribution to diet predicts female reproductive
success mainly because it raises TFR. Female reproduc-
tive success is not significantly correlated with infant
mortality, juvenile mortality, postinfant juvenile mor-
tality, interbirth interval, or age at weaning. The only
demographic variable correlated with it is TFR (r = .808,
p < 0.0005, n = 20). Controlling for biomass, and re-
gardless of which other demographic variables are en-
tered in a regression analysis, TFR still has the strongest
significant relationship to female reproductive success.

Male contribution to diet and TFR are much greater
in the New World, especially in South America, than in



the Old World. Although some areas significantly predict
female reproductive success, male contribution to diet
remains the best predictor of female reproductive success
throughout the world, even after controlling for area. The
surest way to increase female reproductive success is to
increase TFR, and that is what greater male contribution
to diet appears to do.

DISCUSSION

Human mortality in the first year is the same as that of
chimpanzees. However, by age 5 chimpanzee mortality
is 40% (Hill et al. 2001), considerably higher than among
human foragers. This suggests that there is little extra
that forager women can do to reduce mortality in the
first year but that provisioning by men may help around
the time of weaning. When there is little else females
can do to reduce offspring mortality, they should use
energy coming from males to increase fertility. We can
even expect females to accept some increase in mortality
if that is the price of sufficiently increased fertility to
yield the highest reproductive success in the end. They
might, for example, prefer that males forage rather than
provide direct care even if direct care could help reduce
infant mortality.

Without help from males, females might get enough
children weaned to reproduce themselves but take longer
and lose out to females getting help. The regression line
in figure 4 shows that reproductive success is expected
to be about 2.2 when male contribution to diet is 20%,
whereas the mean reproductive success for all foragers
is 3.11. Even with low rates of mortality, 2.2 children
reaching age 15 could simply be too few. But a male
contribution to diet of only 20% would still be a gain
for females unless males ate more of the food in camp
than the 20% they brought in. There is no reason male
contribution to diet must be over 50% to represent a real
benefit to females; what matters is the amount of food
over and above personal consumption that males
contribute.

What explains the variation in male contribution to
diet? As noted, it is greatest in cold climates, where there
is little that females can gather. The higher level of male
contribution in the New World might be due to cultural
inertia, if migrants through the Arctic maintained high
levels of male contribution even after moving into other
habitats, or to high mortality due to diseases in the New
World to which humans had less resistance, with high
mortality requiring high TFR and high male contribu-
tion. Differences in types of foods available may be im-
portant. Females may contribute a greater percentage of
the diet in low-biomass habitats because in such places
tubers, which are usually acquired by women, are a more
important source of food. In high-biomass habitats, fe-
males may need to provide more direct care to prevent
higher nursling mortality, and if this caregiving inter-
feres with their foraging (see Hurtado et al. 1992, Mar-
lowe n.d.) males may have to provide more food. Alter-
natively, female preference for providers may everywhere
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push male contribution up to the highest level males can
afford, given the opportunity costs.

One opportunity cost of paternal provisioning is the
pursuit of mates. Since male contribution to diet appears
to increase fertility rather than reduce mortality, one
could argue that it reflects mating rather than parenting
effort. If so, is it mating effort directed toward one’s own
wife or toward all females? Men should pursue a foraging
strategy that maximizes their own reproductive success,
which means that they may trade off provisioning of
wives and children for maximizing mating opportunities
through affairs, simultaneous polygyny, or serial mo-
nogamy and remarriage of younger wives later in life, a
strategy which could be far from optimal for their wives
(Marlowe 2000b). Prior to effective tools, it would have
been difficult for males to acquire much surplus food for
provisioning, and what they could acquire would have
been, for the most part, the same food that females ac-
quired. With increased foraging efficiency, males may
have gained more by targeting foods different from those
females acquired since their trade value would have been
greater, resulting in a sexual division of labor. However,
once males began to bring in high-nutrient foods such
as meat and honey, they would have become more vul-
nerable to scrounging from everyone in camp, diluting
the potential benefit going to wife and children.

Since male contribution to diet is only a proxy for
actual provisioning, these results do not confirm the pa-
ternal-investment theory of pair bonding. It is conceiv-
able that females could obtain the same benefit from
male contribution to diet by trading sex for food at every
opportunity as they could from bonding and trading pa-
ternity confidence for long-term provisioning. These re-
sult do, however, show that male contribution to diet
has important consequences for forager women—a nec-
essary condition for the paternal-investment theory.
Women begin reproducing later than chimpanzee fe-
males and have only a slightly longer reproductive span
but manage to exceed them in fertility through earlier
weaning (Hawkes et al. 1998) and shorter interbirth in-
tervals (Kaplan et al. 2000). This analysis suggests that
one way they achieve this is through male provisioning.
While the paternal-investment theory has usually em-
phasized the benefit of reduced offspring mortality, the
real benefit of male provisioning among foragers is in-
creased fertility.
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People readily though not inevitably develop strong loy-
alties to their own ethnic group and discriminate against
outsiders. In this report I use cross-cultural data to (1)
determine the factors that strengthen and weaken these
tendencies and (1) ascertain whether they have the same
determinants. It is often supposed that ethnocentrism
and xenophobia are opposite sides of the same coin, but
a few voices have cautioned that this need not be the
case.

Van den Berghe (1999) points out that it would be mal-
adaptive for xenophobia to be an inevitable result of eth-
nocentrism. Ethnic affiliation, he reminds us, usually
involves some claim of common ancestry (real or fictive),
and a propensity to favor fellow ethnics is no doubt en-
hanced by this feeling of kinship. But reciprocal rela-
tionships with members of other groups can frequently
be adaptive also, and it would be foolish to assume an
attitude of hostility. The threshold for cooperation may
be higher and the insistence on reciprocity may be
greater, but a smart opportunist keeps his options open.

Recent experimental work in psychology also suggests
that in-group favoritism is not a necessary concomitant
of out-group hostility (Rabbie 1982, 1992; Ray and Love-
joy 1986; Struch and Schwartz 1989). While both can be
enhanced by competition and external threats (see Sherif
1961 for the classic field experiment), in-group favorit-
ism should be expected only if affiliation with the in-
group can successfully counter the competitive threat
(Rabbie et al 1974). If a group is unable to be successful,
hostility to outsiders may be mirrored by ethnic break-
down and further hostility and competition within the
group. Finally, threats can arise from environmental ca-
tastrophes as well as from outsiders, and we might expect
that such disasters would foster enhanced group loyalty
without any concomitant hostility to outsiders.

The cross-cultural data analyzed here provide no sup-
port for the proposition that out-group hostility is a nec-
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