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Some four decades ago, Jeanne Altmann started her detailed field studies of
baboon mothers and their infants with a focus on the behavioral ecology of
maternal reproductive investment.1 Around the same time, Sarah Hrdy studied
langur mothers and their infants, focusing on the influence of the social environment on a female’s reproductive options and decisions.2 Their pioneering work
has inspired many subsequent studies of female primate reproduction in its natural context and shaped our own work on primate mothers.
Our aim here is to present a short
review of progress in our understanding of primate postnatal maternal
investment patterns, with the ultimate
goal of understanding the evolution of
the human patterns of maternal investment. We first contrast the pattern
found in small or mid-sized mammals,
including most monkeys, with that
among apes. There are surprising dif-
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ferences. Because the typical maternal
investment pattern revealed by studies
of monkeys has largely shaped our
view of the human pattern, finding
these differences must affect our reconstruction of the ancestral human pattern. We then consider human
lactation, as well as subsequent investment and care, in light of the great ape
pattern.
This detailed comparative perspective allows us to identify derived features that arose during human
evolution. These features, we will
argue, reflect the combined effects of
increased brain size and cooperative
breeding. The focus throughout will be
on energy intake and/or feeding time
and provisioning and/or supplemental
feeding. A detailed review of variation
in the mechanisms regulating female
reproductive physiology, such as those
controlling the return to ovulatory
cycles and thus conception,3,4 is
beyond the scope of this paper.

SINGLE-SEASON VERSUS
MULTI-SEASON LACTATION
Mammal species show wide variation in the way females acquire and
store the energy required for reproduction. Species also vary in the degree to
which females can benefit from sea-

sonal peaks in food abundance and the
degree to which they pay for reproduction from energy stores (capital breeding) or directly from food acquisition
(income breeding).5 These two dimensions are closely linked; both depend
strongly on life history. The longer the
duration of infant dependence, the less
females can rely on seasonal peaks
because the lactation period covers
both peaks and troughs in food supply.
Also, the longer the duration of infant
dependence, the less mothers can rely
on stored body reserves because stores
can only cover needs for a limited
period or, for the same reason, build
up an increasing deficit.
The extreme capital-breeding end
of the spectrum is not found among
primates, but is nonetheless instructive for our purposes. A few species
store reserves before and during gestation and then quickly transfer
these reserves to their infants during
a brief lactation period. Mothers
mostly fast during lactation, then
need to recuperate to restore their
condition.6–8 This option is only
available to species in which the
added weight of stored reserves does
not interfere with the mother’s ability to forage and escape predators.
Accordingly, we mainly see this pattern among marine mammals that
give birth on land or ice and have
extremely short lactation periods
that are fueled almost exclusively
from stored reserves. Humans may
show some aspects of this capital
strategy because under good conditions women can build up considerable fat stores during pregnancy.9–11
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Figure 1. Contributions of mothers and offspring to the offspring’s energy intake in relation to
offspring age and the timing of the termination of lactation (W for weaning). A) A typical
small mammal with fast lactation taking advantage of seasonal food abundance.40,42,86 B)
A species with multi-year lactation at a stable level of maternal effort with gradually increasing infant contribution based on the 6–7 year lactation pattern in orangutans.25 C) Human
lactation pattern with an intermediate period of stable maternal effort. Supplements to the
milk diet after a relatively short milk-only period, are provisioned and preprocessed by the
mother or allomothers.25,74,86 After relatively early weaning, the immature is completely
dependent on provisioned food for many years before its starts to contribute to its own
maintenance. The red circles indicate when the mother has reached her maximum level of
lactation, but milk is apparently insufficient to satisfy the needs of the offspring. Ideally, this
milk insufficiency point coincides with the start of independent feeding by the offspring.
[Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]

In contrast to capital breeders, most
mammal species with short reproductive cycles, especially arboreal species,
tend to rely on an income breeding
strategy that requires increased food
intake as reproduction proceeds, with
only limited storage before or during
gestation.5 A major reason why they
can do this is that most habitats show
seasonal peaks in food abundance,
which allow increased food intake and
provide net energy gains. Most strepsirrhines and many monkeys are typical mammals in that they manage to
take advantage of seasonal peaks in
food abundance by timing their reproduction so that maximum lactation
coincides with a predictable local food
peak.12 As a result, the classic image
of the primate maternal lactation pattern is that of an inverted U, with
energy transfer peaking around midlactation at the height of the fruiting
season and corresponding to an
energy intake of up to twice nonreproductive baseline levels.13–15; The
onset of weaning comes soon after the

mother reaches her maximum lactation effort (Fig. 1A).
Not all primate taxa follow this
reproductive timing, despite the fact
that virtually all tropical habitats,
including evergreen forests, show clear
seasonality in the production of the
most nutritious food items.16 Some primate species in Southeast Asia live in
habitats where seasonal peaks are
unpredictable due to mast fruiting, so
these primates must follow an alternative tactic of seasonal breeding in
which increased food abundance,
rather than some ‘Zeitgeber’ such as
rainfall or day length, is the cue to ovulatory activity.17 They thus give birth
after the peak in food availability and
pay for lactation through a combination of stored reserves (capital) and
increased feeding (income). Taxa
whose lactation periods cover more
than one season, and sometimes multiple years, are also unable to rely on seasonal peaks in food abundance.
Primates generally have slow life histories18,19 and the larger-bodied and

larger-brained monkeys, as well as all
apes, have infants that develop so
slowly that their periods of dependence
cover multiple seasons. Thus, in species with mean birth intervals of well
over one year, mothers are not able to
time their period of highest need so
that it coincides with any local annual
food peak.
This limitation may have important
implications for viable strategies of
maternal investment. The long period
of lactation means that females must
sustain their infants through times of
varying food abundance, which fluctuates on multiple time scales, from
weekly changes in the quality of food
patches to seasonal changes to yearto-year variation. Mothers in such species must maintain lactation across a
series of peaks and troughs in food
abundance. According to the data on
fruiting at Tuanan, central Kalimantan (Fig. 2), for instance, some years
are much better than others. This is a
factor that annual breeders with
single-season lactation deal with in
various ways12: Interannual food variability may have the most impact on
birth rate,20 as in long-tailed macaques (Macaca fascicularis) or on infant
survival,21 as in ring-tailed lemurs
(Lemur catta). However, mothers of
slowly reproducing species, such as
apes, must nourish their infant during
several periods of food scarcity.
At the very least, this constraint on
multi-season lactators implies that
mothers cannot rely solely on energy
stores, as capital breeders do, simply
because they would be unable to carry
the large quantity of body fat required
to sustain a high and stable level of
reproductive effort under prolonged
conditions of variable and unpredictable maternal intake. Thus, although
some storage can take place during
times of plenty when intake exceeds
immediate needs, and some mobilization can take place during times of
scarcity, it is unlikely that females can
continuously incur daily deficits of
energy or particular nutrients and
accrue ever-increasing energetic and
nutritional debts over years. Therefore,
females of such species are expected to
set their maximum lactation at a level
that is more conservative and fairly
constant, so that a steady growth rate
of offspring can be achieved (as
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so much because growth itself is so
costly, but because larger size leads to
higher maintenance costs.24 To compensate for a relatively low level of
maternal energy transfer, ape offspring, in contrast to offspring of
faster-reproducing species, should
also begin self-foraging, years before
they are fully weaned, to provide an
increasing percentage of their own
energy to augment investments by the
mother. The resulting expectation,
then, illustrated in Figure 1B, is
rather different from that in Figure
1A.

Multi-Year Lactation

Figure 2. Monthly fluctuation in fruit availability (expressed as % of ca. 1,500 trees in phenology plot bearing fruit, July 2003-December 2012 in Tuanan, Central Kalimantan) in relation
to the observed 6–7 year lactation periods of Bornean orangutans in this study area. Solid
gray lines above the graph indicate lactation periods from known birth month; dashed
lines indicate ongoing lactation of offspring with estimated month of birth.

suggested for humans22,23) even as ecological conditions fluctuate weekly, seasonally, and across years.
This low and fairly constant level of
maternal investment must, in turn, be

reconciled with the gradually increasing energy needs of the growing offspring, who faces the same problem,
and is therefore also us expected to
favor a conservative growth rate, not

Figure 3. Maternal feeding time (in minutes per day) on fruit (on average, 70% of feeding
time) of female Bornean orangutans in relation to the age of their dependent offspring.
In this population, average birth interval is 7 years and in most cases weaning takes
place after conception of the next offspring. Each triangle represents the average of at
least 5 nest-to-nest focal follow days for a mother-offspring dyad taken within a given
month. Like total feeding time, the time spent feeding on fruit does not consistently
increase with offspring energy need (for more details and statistics, see van Noordwijk25).

The expectation of prolonged lactation (Fig. 1B) was confirmed in a
7-year study of the activity budgets
of wild Bornean orangutan (Pongo
pygmaeus wurmbii) mother-infant
dyads, covering more than 11,500
hours of observation. Orangutans
may be useful as a model species
because they are not just multiseason lactators, but multi-year lactators, with a 6–7 year lactation
period in this population.25
We found that after an initial rise
in feeding during the first half year
of offspring life, the age of the
dependent infant had no effect on a
mother’s feeding or travel time.25
Thus, overall, maternal feeding time
was remarkably stable throughout
each infant’s dependent period,
although it obviously depended on
the fluctuating food availability, so
that mothers spent less time feeding
when fruits were more abundant.
Figure 3 shows the intake of fruit as
a function of infant age and the clear
lack of influence of infant age,
despite a significant and strong
effect of fruit abundance (data taken
from van Noordwijk and colleagues25). Estimates of actual food
intake based on the caloric value of
females’ monthly diets in the same
population26 suggest that intake is
higher during periods of fruit abundance, but also that infant age does
not significantly affect a mother’s
intake after a gradual increase during the infant’s first year (ER Vogel,
personal communication). This constant effort is very different from the
feeding time or food intake estimates
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reported for small, seasonally breeding primates, which show a characteristic peak around the middle of
lactation.14,27,28
For other apes, only a few studies
report maternal feeding effort or
food intake across the period of lactation. However, the data that are
available suggest that other apes
may follow a similar pattern.
In chimpanzees (Pan troglodytes),
there was no effect of infant age on
maternal feeding time at Mahale.29
Also, a study from Gombe30 presents
a comparison of lactating females
lumped over all seasons and infant
ages, with smaller samples of pregnant and non-pregnant-nonlactating
females, suggesting that infant age
does not obviously explain variation
in females’ time budgets. Similarly
data from Kibale4 suggest that mothers fluctuate around a rather stable
energy balance throughout their 3–
4.5 year lactation period. A study of
siamangs (Symphalangus syndactylus) showed inconsistent differences
in maternal feeding time during the
early, peak, late, and postlactation
phases for 5 females, suggesting, at
best, a minor effect of infant age.31
Thus, available data, although
patchy, suggest that the orangutan
pattern of prolonged stable maternal
effort may hold for other apes as
well. Indeed, even species that have
shorter birth intervals but are multiseason lactators and thus are intermediate between apes and seasonal
species, show a more constant
maternal effort than expected. For
instance, in baboons, which have
interbirth intervals of approximately
1.5 year, females increase feeding
time in the few months after giving
birth but subsequently reach a sustained plateau.1,32
A second finding of the orangutan
study was that maternal feeding
time, and thus average mean intake,
was estimated to be only about 20%25% higher than that for an adult
female without dependent offspring.25 Values on baboons vary
between 0%–-57%, depending on
methods and habitat or living conditions.32–35 These increases are quite
modest compared not only to those
of the typical female small mammal,
which can increase their intake 2–4
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times during the (short) period of
maximum lactation,13 but also compared to small primates, including
brown lemurs (Eulemur fulvus),
which can increase their uptake 2–3
times,14 and marmosets (Callithrix
jacchus), which, with twins, can
increase theirs by almost twice.15
The third notable finding was that
early in their second year orangutan
infants began substantially to supplement their milk intake with solid
food that they harvested themselves.
But unlike the situation among most
other mammals and small primates,
there was no subsequent reduction
in maternal feeding effort, suggesting that offspring milk intake probably remained constant as self-

Our analyses suggest
that orangutan infants
are weaned, as shown
by a decrease in suckling attempts outside of
the nest and a strong
reduction in nest-sharing
during the night, only
when they have been
providing more than half
of their energy needs for
some time.

provisioning increased. Thus, during
a period of about 5 years after the
initiation of independent feeding, the
infants appeared to sustain their gradually increasing needs by supplementing a relatively constant level of milk
intake with more and more selfprovisioned solid food. Our analyses
suggest that orangutan infants are
weaned, as shown by a decrease in
suckling attempts outside of the nest
and a strong reduction in nest-sharing
during the night, only when they have
been providing more than half of their
energy needs for some time.25
Unfortunately, our sample size
was too small to evaluate how mothers’ energy budgets responded during
the last year of lactation and wean-

ing. Moreover, we could only measure feeding effort, not lactation
effort. However, because orangutans
typically have conceived before completely weaning their prior offspring,
reproductive effort at the time of
weaning has probably already partly
shifted from lactation to preparation
for the next reproductive cycle, perhaps involving recovery of maternal
body condition and modest fat
deposition.
Both chimpanzees and gorillas
(Gorilla gorilla) also show a gradual
increase in infants’ own foraging
effort from 6–12 months of age
onward.36–38 This, coupled with lack
of evidence of peaks in maternal
effort, is consistent with the pattern
we have documentd in orangutans.
Baboons, with a lactation period of
about one year, also show a similar
pattern. Altmann1 and Barrett, Halliday, and Henzi32 showed that infant
baboons start to supplement milk
with independent feeding on solid
food at around 4–6 months of age,
but their mother’s feeding time
remains stable for several more
months.
Figure 1B summarizes the three
distinctive characteristics of maternal effort in species with slow infant
development that extends over multiple seasons: maternal effort remains
roughly constant over long periods,
sometimes even years; maternal
effort is only moderately increased
relative to baseline levels; and maternal effort is not responsive to the
onset and increase in an infant’s
own food intake. These differences
may have implications for the
dynamics of mother-offspring conflict (Box 1) and how we conceptualize weaning.

The Meanings of Weaning
Weaning is a notoriously ambiguous term. It can refer to the process
of decrease and cessation of milk
provisioning by the mother or the
switch from a milk diet to a more
‘adult’ diet by the immature. The
transition from an infant’s full
dependence on milk to its complete
reliance on adult food can take place
over a few days, as in mice (Mus
domesticus39), but may last longer
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Box 1. Mother-Infant Conflict
Mother-offspring
conflict,
as
Trivers formulated it,51 can pertain
to both the rate of maternal investment and the timing of cessation of
investment (classic weaning conflict). The paucity of reported
behavioral conflict about the rate
of investment among primates may
reflect the fact that during the early
post-natal period, unlike the prenatal period,52 the mother is in control and infant growth trajectories
are conservative to avoid starvation. The avoidance of starvation is
especially important in largerbrained species.53 This means that
most of the time the interests of
mother and infant about rate of
investment largely coincide.
Most work therefore concerns
termination-conflicts. These conflicts need not be limited to the
mother’s being a source of milk.
Especially among primates, they
are also about the mother being
the provider of transportation. Several primate studies have reported
‘carrying conflicts.’1,54–56 Such conflicts should be unique to primates
and a few other species that carry
their young and are expected to
precede the conflict over milk
because foraging independence
cannot be achieved without locomotor independence.
Termination-conflict should be
most severe when termination is
abrupt. Termination of lactation is
expected to be forced in seasonal
annual breeders. Females conceiving too late may have to skip an
entire year, which may comprise a
substantial portion of the adult
reproductive career. Indeed, behavioral conflict around weaning is
reported for such species.14,57–59
On the other hand, the delay of
weaning for a short period is less
costly
among
non-seasonal
breeders and species with multiyear lactation, for which the conflict would be about a modest postponement of the next conception.

Indeed, the weaning conflict is
reported to be rather mild in several of those taxa,55,56,60 although
quantitative
comparisons
are
lacking.
Natural selection should ensure
that the age at which the infant
begins to harvest solid food on its
own roughly coincides with the
moment the constant supply of
mother’s milk is just beginning to
be insufficient to cover the infant’s
energetic needs (Fig 1B). In this
way, the gradual increase in the
infant’s feeding effort keeps pace
with its growing needs due to
larger body size. However, by the
time of the “milk insufficiency
point.”25 when the mother’s lactation level no longer fully meets its
needs, the infant, especially if it is
not yet able to increase its feeding
effort, may try to coax more milk
from the mother than is optimal
for her to give. This conflict, then,
should occur relatively early in the
lactation period, which in apes is
around one year of age. It should
be especially pronounced when the
mother’s level of maximum lactation is relatively low as a consequence of prolonged food shortage,
but the infant is not yet capable of
providing its own food, in part
because of the poor conditions.
To our knowledge, no detailed
studies have examined the time
course of mother-infant conflict in
apes, but we predict that they will
also experience conflict around the
age of the mother’s maximum lactation and the time when infant
needs overtake maternal output.
This model leads to a testable prediction: We expect that the age
when
offspring
requirements
exceed maternal supply, which
varies across species, will be
marked not only by behavioral conflicts, but by a reduction in offspring growth rate as the infant
must begin to harvest its own food
(Fig. 1B).

Consistent with these expectations, naturalistic observations of
slowly reproducing species have
documented evidence of infant distress that is not related to classic
weaning conflict. In baboons, an
increase in maternal rejections of
infants’ suckling attempts coincided
with the onset of independent feeding, which occurred at several
months into lactation, around the
time that mothers reached their
maximum
sustained
feeding
effort32,61 and almost half a year
before the termination of lactation.
A similar increase in motheroffspring conflict was found in elephants around the time calves
started to feed independently, which
was years before the end of lactation.47 Thus, at least in some species
with long lactation, the onset of
independent feeding has been found
to coincide with a little-recognized
increase in mother-offspring conflict
at a different time from the classic
weaning conflict, in that it occurs
relatively early in lactation and long
before the final reduction in maternal resource transfer. Careful documentation of such conflicts can
distinguish them from behavioral
conflicts between mothers and
infants that might result from coordination or scheduling problems: An
infant needs to learn not to interfere
with its mother’s activities.1,42
The complexity of the issues surrounding mother-infant conflict,
including the conditions in which
it is behaviorally expressed, suggests that as a community we may
have somewhat neglected this topic
because of the existence of an elegant model, which suggested that
the case was closed. However, the
time may be ripe for additional
studies of the sort pioneered for
baboons to examine the rates and
contexts of mother-infant behavioral conflict and their timing relative
to
weaning
and
other
developmental landmarks.1
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than the milk-only phase of lactation, as in many larger mammals.40
Still, in most species, the onset of
infants’ feeding on nonmilk food also
marks the onset of the reduction in
maternal investment41–43 because the
mother responds to this sign of the
offspring’s digestive maturation with
a progressive decline in milk
transfer.40
This pattern has led to the widespread assumption40,42–45 that there
is a causal relationship between the
infant starting to feed independently
and the mother starting to reduce
her milk transfer.42,44,45 This may
well characterize both the pattern
and the causal structure in smaller
mammals, but it does not characterize the pattern seen in more slowly
developing species. A pattern similar
to that in the orangutan is found in
humans23,46 and in other large mammals with multi-year lactation, such
as
elephants
(Loxodonta
africana)47,48 and giraffes (Giraffa camelopardalis).49 This demonstrates that
the onset of infants’ independent
feeding is not inevitably accompanied by a decrease in the mother’s
investment in milk. Instead, the
infant’s solid food intake increasingly
supplements a continuous and stable
level of milk intake. Thus, rather
than simply assuming that weaning
automatically begins when infants
begin to feed independently, we
should recognize the separate trajectories of maternal investment and
infant feeding activity and refer to
‘weaning’ only when maternal investments are actually declining.
Similar confusion surrounds the
term ‘weaning foods,’ which refer to
foods eaten by infants during the
transition from dependence on milk
to full nutritional independence.1
These foods are thought to be easily
harvested and highly digestible.
Indeed, it has been suggested that
the peak availability of such foods,
such as flowers, was the selective
advantage for the timing of seasonal
reproduction in baboons.1 In species
with short lactation, this notion is
meaningful, but in species in which
infants augment milk intake with
solid foods over multiple seasons or
even years, it obviously is not.
We expect selective intake of
highly digestible food items to occur
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around the age when an infant
begins to eat solid foods in addition
to milk, rather than around weaning,
which is years later. However, in
orangutans, we find no particular
order in which infants start to eat
flowers, insects, fruits, leaves, or
bark (MA van Noordwijk, unpublished). Instead, infants appear to eat
whatever they can process when they
start to eat and largely copy their
mothers’ food selection.50 We know
of no study among species with
multi-year lactation that has evaluated in detail whether the foods
infants consume during their first
months of supplemental independent
feeding show special characteristics.
If they do, this could indicate that
mothers with infants of a particular
age target food sources so that their
infants also consume these ‘weaning’
foods.

HUMAN MATERNAL INVESTMENT
PATTERNS: ANCESTRAL AND
DERIVED ELEMENTS
Reconstructions40,44 of the ancestral state of the human maternal
investment pattern
have often
implicitly relied on the seasonal primate pattern of Fig. 1A. If additional
data from other species continue to
support our interpretation of the
orangutan data, it will be more realistic to use the multi-year lactation
pattern depicted in Fig. 1B to characterize the ancestral state of the
human lineage. It is therefore interesting to see what we can learn
about the derived features in
humans, specifically the changes
that took place after the hominin lineage split off from the last common
ancestor with the two Pan species.
These changes must be viewed
against the backdrop of major lifehistory differences between humans
and other apes.62,63 First, humans
reach the age of first reproduction
much later and live longer than
other apes do. Larger-brained species are generally forced to allocate
less energy to growth and reproduction,64 but compensate for their
slower development and lower birth
rates with a longer lifespan, which
probably is why selection favored

larger brains.64,65 Much of the apehuman difference in age at first
reproduction and total lifespan may
therefore be attributed to our much
larger adult brain size. Second, and
in contrast to the general trends in
mammalian life histories,19 human
women show high birth rates.66
Human babies are fully weaned
much earlier than are those of other
great apes, at ca. 2.5 years among
foragers67,68 rather than the 3–8
years among other great apes.69 A
third difference is that human mothers sometimes must simultaneously
provide care for multiple immature
offspring, who are fully weaned from
milk but still unable to sustain themselves.24 Also, human mothers enter
menopause well before somatic
senescence,66,70,71 while in apes
reproductive and somatic senescence
occur in parallel.72,73 Figure 4 provides a summary of the differences
that concern maternal investment
and infant development.

Ancestral Features of Maternal
Investment
We predict that humans will
exhibit several of the same features
of maternal investment that we have
documented in orangutans: a long,
multi-year lactation at a moderate
level, accompanied by an early start
of nonmilk food intake by the infant,
which leads to a long period during
which the mother’s fairly constant
contribution covers a gradually
reducing portion of the infant’s
needs. Very much like orangutan
mothers, human mothers that nurse
their babies show multi-year lactation with a relatively stable maternal
energetic
effort.46,74
Although
detailed data are lacking, it is reasonable to assume that the lactation
effort of human foragers is similar to
that reported in these studies.46,74
Thus, lactation increases toward a
maximum around 6 months postpartum, when supplemental provisioning starts. Importantly, even with
supplemental feeding, milk output
stays at a rather constant level over
the next 2 years, albeit probably
slightly lower than the maximum,46
while milk quality, which is very similar to that of other apes,75 also
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Figure 4. Duration of different periods of maternal investment and care and offspring development until female age at first birth in representative cercopithecine monkeys (long-tailed
macaques, Macaca fascicularis20,56; savanna baboon, Papio cynocephalus1,32,103). a great
ape (Bornean orangutan, Pongo pygmaeus wurmbii25), and human foragers.70,82Arrows
underneath the bars indicate until what age the presence of the mother has been shown to
affect an offspring’s fitness through a direct effect on survival or adult success, mediated by
factors such as dominance rank. In all these primates, extensive post-weaning maternal care
affecting the offsprings’ reproductive success has been demonstrated. [Color figure can be
viewed in the online issue, which is available at wileyonlinelibrary.com.]

seems to vary little over this
period.23
At birth, human infants are relatively heavy, large-brained, and fastgrowing. Nonetheless, women have a
maximum lactation effort set at a
modest level of daily energy transfer.23 Human lactation requires an
increase in food intake of only ca.
15%-30%, varying among individuals
and populations,46,76 partly due to
mothers’ differences in activity level
and chronic nutritional status.76 This
human value is similar to the maximum estimate of ca. 25% in wild
Bornean orangutans,25 but far lower
than estimates for small seasonally
(Unfortubreeding
mammals.13
nately, estimates for seasonal primates are scarce.) Levels of milk
transfer are similar in humans and
orangutans, but human babies are
larger and their energy needs
increase faster, so they reach the
point at which milk no longer supplies all of their needs at a younger
age than do other ape infants.
Thus, the long overlap between
continued nursing and consumption
of solid food by human infants is
probably an ancestral pattern that

predates the divergence of the
human lineage. Even though the
details are different, the milk diet of
human infants, at least among foragers, is supplemented by nonmilk
food after a relatively short milk-only
phase of lactation. Just as in other
great apes, this milk-plus-solid-food
phase lasts for a long time before
weaning starts (in the sense of a
steep reduction in milk transfer).

Uniquely Human Features
The basic similarities in lactation
pattern help to illuminate the unique,
derived features of the human maternal investment strategy. First, human
babies are much heavier and fatter at
birth than are other great apes.77 Second, human milk is supplemented
with additional food63 beginning at a
somewhat earlier time than the age
of self-provisioning in other great
apes. Third, and more importantly,
these first solid foods are not selfcollected foods, but specially prepared complementary foods provided
by the mother and allomothers (all
caretakers other than the mother).
Fourth, the total duration of human

lactation is much shorter, and human
babies are fully weaned much earlier
than are other apes, despite having
bigger brains and, accordingly, higher
energy needs. Finally, human offspring, unlike offspring of other apes,
continue to rely on foods provided by
others for many years after complete
weaning. Humans do not typically
achieve nutritional independence
until they are about 18 years old70
and maximum foraging efficiency
may be reached even later.78 This
combination of high offspring needs
and low maternal investment points
to the central role of energy inputs
from alloparents in the human reproductive strategy.79
Human newborns are unusually
fat at birth77 and their early rapid
weight gain after birth largely
reflects additional extensive fat deposition.74,77,80 Thus, during the first
months after birth, the mother’s
milk supply is partially used for
infants’ storage reserves, which
buffer future fluctuations in energy
input. Such extensive infant fat storage is not seen in other great apes.
Although it also occurs in species
with long or complete absence of
the mother, such as seals, which
have a very short lactation period,6,8
human infants’ postnatal adiposity
is unlikely to be a response to long
maternal absences. Instead, it is a
derived adaptation to reduce the
risk of malnutrition in the absolutely and relatively large infant
brain, which, at this age, is responsible for more than half of the
energy expenditure.77 Because brain
metabolism is inflexible, the human
infant is especially sensitive to
energy deficits.77 Although rapid
early brain growth, taking advantage of the mother’s early lactational
overcapacity, is also found in chimpanzees81 and suspected in orangutans, it is set at a much higher level
in humans.82–84 The solution of supplying the infant with internal
reserves to buffer fluctuations in
natural food supply is not feasible
without concurrent changes in patterns of infant carrying.85
Around the end of the first halfyear, the human infant is twice as
heavy as at birth and reaches a point
when milk output only just matches
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the infant’s needs.77,86 (This point is
probably reached a few months later
in apes87 and, at least in wild populations of chimpanzees36 and orangutans,25 infants start to feed on some
solid food when they are 6–12
months old). At this point, the
human infant already needs complementary foods to avoid having to
mobilize its own stored reserves and
experience growth faltering. Whereas
the start of the intake of solid food
varies across cultures, the human
infant receives non-milk food from
its mother and other caregivers,
whereas ape infants have to acquire
this themselves. Although food sharing from mouth to mouth is occasionally seen in orangutans and
chimpanzees, it is almost always preceded by the infant’s begging, and
seems to function more as transfer
of information than calories.88 In
humans, the provisioning is proactive, reflecting the initiative of the
caregivers. A second major difference is that this early food is also
actively processed by premastication89 or other forms of preprocessing, such as mashing, cutting,
or cooking.90
Once supplemental feeding is
established, a human mother sustains
investment in milk at a constant level
for about 2 years, albeit in most populations at a somewhat reduced level
compared to maximum output during
early lactation.46,91 The early caloric
subsidies of provisioned, easily
digested food explain how human
infants in non-industrial societies can
be weaned at around 2.5 years. on
average,68 much earlier than infant
chimpanzees, orangutans, and even
gorillas, and despite the equally modest rate of maternal energetic investment by human mothers.
While other great ape mothers
are tolerant of their infant taking
food from them, they tend to be
much less tolerant toward their
weaned
offspring.60,92
Among
humans, in contrast, relatively early
weaning is followed by continued
provisioning of immatures over
many years. During the first few
years after weaning, this provisioning, which typically accounts for
most of immatures’ food intake,
gradually decreases to a variable
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degree,93 but continues even up to
adulthood.70,86

Cooperative Breeding and the
Human Pattern
A reconstruction of the selective
processes that led to this derived pattern of reproductive investment in
extant humans may never be fully
verified. However, there are good
reasons to believe that allomaternal
care has been an important facilitator of the evolution of this suite of
derived traits. Hrdy, in particular,
has stressed that humans are cooperative breeders.79,94 Human fathers
participate in raising offspring by
provisioning both food and care,95 as
do other adults,96 including, to a

A reconstruction of the
selective processes that
led to this derived pattern of reproductive
investment in extant
humans may never be
fully verified. However,
there are good reasons
to believe that allomaternal care has been an
important facilitator of
the evolution of this suite
of derived traits.

variable extent, post-menopausal
women or, in other words, grandmothers.71 These inputs of energy
and time allow women to wean early
despite modest maternal investment
in milk. Although obligate cooperative breeding is rare among primates, found only in the callitrichid
monkeys of the Neotropics, allomaternal care is more common. Across
species, more allomaternal care
means shorter birth intervals, and
thus earlier weaning.97–99 Much allocare is in the form of infant carrying,
but among callitrichids there is also

provisioning.92 In humans, allomaternal care is more intense and systematic than in any other primate,
and the impact on weaning age and
interbirth interval is accordingly
much stronger.
Humans are unique in that provisioning of prepared foods supplies a
large proportion of the infant’s
energy needs. Much of the food that
is provisioned is preprocessed
through cutting, mashing, and cooking. Some, but by no means all of
this food is meat obtained through
hunting, and perhaps among earlier
hominins, by scavenging. These
inputs allow human mothers to
restrict their maximum level of lactation so that the infant reaches the
milk insufficiency point (MIP) at
around 6 months,74 the age at which
the infant typically begins to ingest
non-milk food.68 Both of these points
are somewhat earlier in humans
than in apes, suggesting a process of
coevolution between allomaternal
care and the trajectory of infant
growth and development. Dental
maturation probably started to slow
down around Homo erectus relative
to the great ape and australopithecine pattern,100 even though milk
yield became insufficient to fully sustain the infant’s needs. This suggests
that early supplementation through
premasticated foods began around
that time in the hominin lineage,
and may have gradually become earlier as technology improved.
The reduction in weaning age in
humans is even greater than the
reduction in the age at which nonmilk food is added.64,65 We suggest
that this reduction required an
improvement of caloric yields in foraging by caretakers, which in turn
probably required improvement of
technology and foraging skill. We
thus predict that over the course of
human evolution, the age of weaning
has gradually declined. This also suggests that our demographic viability,
as expressed in potential population
growth rates, gradually increased in
parallel.
As our hominin ancestors pushed
the weaning age back by several
years, they created a class of juveniles
(weaned immatures) that lacked
appropriate locomotor and foraging
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skills and abilities (including both
selection and processing). Although
they provided some food for themselves, these juveniles remained
dependent on adults for a substantial
period. The uniquely human lifehistory stage of childhood66 is simply
the period during which the immatures of other ape species are still
infants, supported partly by mother’s
milk and partly by independent foraging, and partly dependent on others
for transportation.
The human pattern of weaning
before locomotor independence is
reached would be impossible in
other primates. Indeed, bipedal
human weanlings are still very inefficient in their locomotion. They cannot keep up with foraging adults for
several years after weaning, and
must be carried.85 This greatly
reduces their mothers’ foraging efficiency. Among extant foragers,
immatures who are weaned but too
small to keep up with a group of
gathering women can stay in camp
during the day.101 Thus, central places must historically have been present before the time when weaning
age became earlier than locomotor
independence. This could have been
rather early in the evolution of the
genus Homo, given that human children reach adult-level time away
from camp around the age 6 or 7
years.101
One more correlate of intensive
cooperative breeding is also found in
hominins. Mammalian lineages with
cooperative breeding, especially if
this includes provisioning, tend to
have larger brains than do lineages
of independent breeders.102 Again,
large brains tend to slow the pace of
development. The reliable external
input of more energy through provisioning lifts this developmental constraint, allowing brain size to
increase over evolutionary time.64

CONCLUSION
Like other great apes, humans
have a lengthy period of lactation
sustained over multiple good and
bad seasons with a level of energy
intake that is only slightly elevated
above the non-reproductive baseline,
suggesting that these may be ances-
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tral ape features from which the
human pattern was derived. Despite
these similarities, human infants
reach the point where milk cannot
cover all their needs at an earlier age
than do other apes (compare Fig. 1C
with Fig. 1B). In contrast to the
other apes, in humans this point is
not the time when infants start to
gather or process their own food,
but rather when provisioning with
pre-processed food begins. The combination of a cooperative breeding
system and advanced techniques for
processing highly nutritious food
enabled efficient and active provisioning to immatures by mothers
and others. The period of provisioning became ever more prolonged,
ending up covering most of immaturity. Thus, during hominin evolution, the advent of provisioning of
young dependents, unweaned as well
as weaned, modified the ancestral
ape strategy of prolonged multi-year
lactation, making possible the evolution of larger brains despite modest
maternal investment in lactation.
Collectively, these innovations permitted the evolution of a suite of
life-history characteristics, that help
define modern humans, including
earlier weaning, reduced birth interval, and higher fertility rates.

ACKNOWLEDGMENTS
We have been inspired by both
Jeanne Altmann and Sarah Hrdy to
study mother-offspring interactions in
the wider ecological and social context. We thank Judith Burkart, Karin
Isler, and Erin Vogel for discussion;
we thank Joan Silk, Phyllis Lee, and
anonymous reviewers for feedback
and comments on the manuscript. We
acknowledge the financial support of
the A.H. Schultz Foundation and SNF.

REFERENCES
1 Altmann J. 1980. Baboon mothers and
infants. Cambridge: Harvard University Press.
2 Hrdy SB. 1977. The langurs of Abu: female
and male strategies of reproduction. Cambridge: Harvard University Press.
3 Ellison PT, Valleggia CR. 2003. C-peptide levels and the duration of lactational amenorrhea.
Fertil Steril 80:1279–1280.
4 Emery Thompson M, Muller MN, Wrangham
RW. 2012. The energetics of lactation and the
return to fecundity in wild chimpanzees. Behav
Ecol 23:1234–1241.

5 Stearns SC. 1992. The evolution of life histories. Oxford: Oxford University Press.
6 Iverson SJ, Oftedal OT, Bowen WD, et al.
1995. Prenatal and postnatal transfer of fattyacids from mother to pup in the hooded seal. J
Comp Physiol B 165:1–12.
7 Mellish JAE, Iverson SJ, Bowen WD. 2000.
Metabolic compensation during high energy
output in fasting, lactating grey seals (Halichoerus grypus): metabolic ceilings revisited. Proc R
Soc B 267:1245–1251.
8 Wheatley KE, Bradshaw CJA, Harcourt RG,
et al. 2008. Feast or famine: evidence for mixed
capital-income breeding strategies in Weddell
seals. Oecologia 155:11–20.
9 Robinson JJ. 1986. Changes in body composition during pregnancy and lactation. Proc Nutr
Soc 45:71–80.
10 Dufour DL, Sauther M. 2002. Comparative
and evolutionary dimensions of the energetics
of human gestation and lactation. Am J Hum
Biol 14:584–602.
11 Ellison PT. 2008. Energetics, reproductive
ecology, and human evolution. PaleoAnthropol
2008:172–200.
12 Brockman DK, van Schaik CP. 2005. Seasonality and reproductive function. In: Brockman DK, van Schaik CP, editors. Seasonality in
primates: studies of living and extinct human
and non-human primates. Cambridge: Cambridge Universiy Press. p 269–305.
13 Speakman JR. 2008. The physiological costs
of reproduction in small mammals. Philos
Trans R Soc 363:375–398.
14 Tarnaud L. 2006. Feeding behavior of lactating brown lemur females (Eulemur fulvus) in
Mayotte: influence of infant age and plant phenology. Am J Primatol 68:966–977.
15 Nievergelt CM, Martin RD. 1999. Energy
intake during reproduction in captive common
marmosets (Callithrix jacchus). Physiol Behav
65:849–854.
16 van Schaik CP, Terborgh JW, Wright SJ.
1993. The phenology of tropical forests: adaptive significance and consequences for primary
consumers. Ann Rev Ecol Syst 24:353–377.
17 van Schaik CP, van Noordwijk MA. 1985.
Interannual variability in fruit abundance and
reproductive seasonality in Sumatran longtailed macaques (Macaca fascicularis). J Zool
206:533–549.
18 Charnov EL, Berrigan D. 1993. Why do
female primates have such long lifespans and
so few babies? Or life in the slow lane. Evol
Anthropol 1:191–194.
19 van Schaik CP, Isler K. 2012. Life-history
evolution. In: Mitani J, Call J, Kappeler PM,
et al., editors. The evolution of primate societies. Chicago: Chicago University Press. p 220–
244.
20 van Noordwijk MA, van Schaik CP. 1999.
The effects of dominance rank and group size
on female lifetime reproductive success in wild
long-tailed macaques, Macaca fascicularis. Primates 40:105–130.
21 Gould L, Sussman RW, Sauther ML. 2003.
Demographic and life-history patterns in a population of ring-tailed lemurs (Lemur catta) at
Beza Mahafaly Reserve, Madagascar: a 15-year
perspective. Am J Phys Anthropol 120:182–194.
22 Prentice MA, Whitehead RG. 1987. The
energetics of human reproduction. Symp Zool
Soc London 57:275–304.
23 Prentice AM, Prentice A. 1995. Evolutionary
and environmental influences on human lactation. Proc Nutr Soc 54:391–400.

ARTICLE

24 Gurven M, Walker R. 2006. Energetic
demand of multiple dependents and the evolution of slow human growth. Proc R Soc Lond B
273:835–841.
25 van Noordwijk MA, Willems EP, Utami
Atmoko SS, et al. 2013. Multi-year lactation
and its consequences in Bornean orangutans
(Pongo pygmaeus wurmbii). Behav Ecol Sociobiol 67:805–814.
26 Bransford TD, van Noordwijk MA, Vogel
ER. 2013. Daily caloric intake in relation to
food abundance and female reproductive state
in wild Bornean orangutans (Pongo pygmaeus
wurmbii) in a peat-swamp habitat. Am J Phys
Anthropol 56(suppl):87–88.
27 McCabe GM, Fedigan LM. 2007. Effects of
reproductive status on energy intake, ingestion
rates, and dietary composition of female Cebus
capucinus at Santa Rosa, Costa Rica. Int J Primatol 28:837–851.
28 Carnegie SD, Fedigan LM, Melin AD. 2011.
Reproductive seasonality in female capuchins
(Cebus capucinus) in Santa Rosa (Area de Conservaci
on Guanacaste), Costa Rica. Int J Primatol 32:1076–1090.
29 Hiraiwa-Hasegawa M. 1990. Maternal
investment before weaning. In: Nishida T, editor. The chimpanzees of the Mahale Mountains: sexual and life history strategies. Tokyo:
University of Tokyo Press. p 257–266.
30 Murray CM, Lonsdorf EV, Eberly LE, et al.
2009. Reproductive energetics in free-living
female chimpanzees (Pan troglodytes schweinfurthii). Behav Ecol 20:1211–1216.
31 Lappan S. 2009. The effects of lactation and
infant care on adult energy budgets in wild siamangs (Symphalangus syndactylus). Am J Phys
Anthropol 140:290–301.
32 Barrett L, Halliday J, Henzi P. 2006. The
ecology of motherhood: the structuring of lactation costs by chacma baboons. J Anim Ecol
75:875–886.
33 Muruthi P, Altmann J, Altmann S. 1991.
Resource base, parity, and reproductive condition affect females’ feeding time and nutrient
intake within and between groups of a baboon
population. Oecologia 87:467–472.
34 Rosetta L, Lee PC, Garcia C. 2011. Energetics during reproduction: a doubly labeled
water study of lactating baboons. Am J Phys
Anthropol 144:661–668.
35 Roberts SB, Cole JT, Coward WA. 1985.
Lactational performance in relation to energy
intake in the baboon. Am J Clin Nutr 41:1270–
1276.
36 Smith TM, Machanda Z, Bernard AB, et al.
2013. First molar eruption, weaning, and life
history in living wild chimpanzees. Proc Natl.Acad Sci USA 110:2787–2791.
37 Hiraiwa-Hasegawa M. 1990. A note on the
ontogeny of feeding. In: Nishida T, editor. The
chimpanzees of the Mahale Mountains: sexual
and life history strategies. Tokyo: University of
Tokyo Press. p 277–283.
38 Fletcher AW. 2001. Development of infant
independence from other in wild mountain
gorillas. In: Robbins MM, Sicotte P, Stewart
KJ, editors. Mountain gorillas: three decades of
research at Karisoke. Cambridge: Cambridge
University Press. p 153–182.
39 K€
onig B, Markl H. 1987. Maternal care in
house mice, I: the weaning strategy as a means
for parental manipulation of offspring quality.
Behav Ecol Sociobiol 20:1–9.
40 Langer P. 2008. The phases of maternal
investment in eutherian mammals. Zoology
111:148–162.

The Evolution of the Patterning of Human Lactation: a Comparative Perspective 211

41 Martin PS. 1984. The meaning of weaning.
Anim Behav 32:1257–1259.
42 Lee PC. 1997. The meanings of weaning:
growth, lactation, and life history. Evol Anthropol 5:87–96.
43 Riek A. 2011. Allometry of milk intake at
peak lactation. Mamm Biol 76:3–11.
44 Lee PC, Majluf P, Gordon IJ. 1991. Growth,
weaning and maternal investment from a comparative perspective. J Zool Lond 225:99–114.
45 Humphrey LT. 2010. Weaning behaviour in
human evolution. Sem Cell Dev Biol 21:453–
461.
46 Butte NF, King JC. 2005. Energy requirements during pregnancy and lactation. Public
Health Nutr 8:1010–1027.
47 Lee PC, Moss CJ. 2011. Calf development
and maternal rearing strategies. In: Moss CJ,
Croze H, Lee PC, editors. The Amboseli elephants: long-term perspective on a long-lived
mammal. Chicago: University of Chicago Press.
p 224–237.
48 Lindsay WK. 2011. Habitat use, diet choice,
and nutrional status in female and male Amboseli elephants. In: Moss CJ, Croze H, Lee PC,
editors. The Amboseli elephants: long-term perspective on a long-lived mammal. Chicago: University of Chicago Press.
49 Pellew RA. 1984. Food consumption and
energy budgets of the giraffe. J Appl Ecol 21:
141–159.
50 Jaeggi AV, Dunkel LP, van Noordwijk MA,
et al. 2010. Social learning of diet and foraging
skills by wild immature Bornean orangutans:
implications for culture. Am J Primatol 72:62–
71.
51 Trivers RL. 1974. Parent-offspring conflict.
Am Zool 14:249–264.
52 Haig D. 1993. Genetic conflicts in human
pregnancy. Quart Rev Biol 68:495–532.
53 Deaner RO, Barton RA, van Schaik CP.
2003. Primate brains and life histories: renewing the connection. In: Kappeler PM, Pereira
ME, editors. Primate life histories and socioecology. Chicago: Chicago University Press. p
233–265.
54 Nicolson N. 1987. Infants, mothers, and
other females. In: Smuts BB, Cheney DL, Seyfarth RM, et al., editors. Primate societies. Chicago: Chicago University Press. p 330–342.
55 Goodall J. 1986. The chimpanzees of
Gombe. Cambridge: Harvard Univ Press.
56 Karssemeijer GJ, Vos DR, Hooff JARAM.
1990. The effect of some non-social factors on
mother-infant contact in long-tailed macaques
(Macaca fascicularis). Behaviour 113:273–291.
57 Fairbanks LA, McGuire MT. 1984. Determinants of fecundity and reproductive success in
captive vervet monkeys. Am J Primatol 7:27–38.
58 Hauser MD, Fairbanks LA. 1988. Motheroffspring conflict in vervet monkeys: variation
in response to ecological conditions. Anim
Behav 36:802–813.
59 Lycett JE, Henzi SP, Barrett L. 1998. Maternal investment in mountain baboons and the
hypothesis of reduced care. Behav Ecol Sociobiol 42:49–56.
60 van Noordwijk MA, Sauren SEB, Nuzuar, A,
et al. 2009. Development of independence:
Sumatran and Bornean orangutans compared.
In: Wich SA, Utami Atmoko SS, Mitra Setia T,
et al. editors. Orangutans: geographic variation
in behavioral ecology and conservation. New
York: Oxford University Press. p 189–203.
61 Barrett L, Henzi SP. 2000. Are baboon
infants Sir Phillip Sydney’s offspring? Ethology
106:645–658.

62 Robson SL, van Schaik CP, Hawkes K.
2006. The derived features of human life history. In: Hawkes K, Paine RR, editors. The evolution of human life history. Santa Fe: School
of American Research Press. p 17–44.
63 Robson SL, Wood B. 2008. Hominin life history: reconstruction and evolution. J Anat 212:
394–425.
64 Isler K, van Schaik CP. 2009. The expensive
brain: a framework for explaining evolutionary
changes in brain size. J Hum Evol 57:392–400.
65 Isler K, van Schaik CP. 2012. Allomaternal
care, life history and brain size evolution in
mammals. J Hum Evol 63:52–63.
66 Bogin B. 1999. Evolutionary perpective on
human growth. Ann Rev Anthropol 28:109–153.
67 Alvarez HP. 2000. Grandmother hypothesis
and primate life histories. Am J Phys Anthropol
113:435–450.
68 Sellen DW. 2001. Comparison of infant feeding patterns reported for nonindustrial populations with current recommendations. J Nutr
131:2707–2715.
69 Watts DP. 2012. The apes: taxonomy, biogeography, life histories and behavioral ecology. In: Mitani JC, Call J, Kappeler PM, et al.,
editors. The evolution of primate societies. Chicago: Chicago University Press. p 113–142.
70 Kaplan H, Hill K, Lancaster J, et al. 2000. A
theory of human life history evolution: diet,
intelligence, and longevity. Evol Anthropol 9:
156–185.
71 Hawkes K, O’Connell JF, Blurton Jones NG,
et al. 1998. Grandmothering, menopause, and
the evolution of human life histories. Proc Natl
Acad Sci USA 95:1336–1339.
72 Robbins AM, Robbins MM, Gerald-Steklis
N, et al. 2006. Age-related patterns of reproductive success among female mountain gorillas.
Am J Phys Anthropol 131:511–521.
73 Emery Thompson M, Jones JH, Pusey AE,
et al. 2007. Aging and fertility patterns in wild
chimpanzees provide insights into the evolution
of menopause. Curr Biol 17:2150–2156.
74 Butte NF. 2005. Energy requirements of
infants. Public Health Nutr 8:953–967.
75 Hinde K, Milligan LA. 2011. Primate milk:
proximate mechanisms and ultimate perspectives. Evol Anthropol 20:9–23.
76 Piperata BA. 2009. Variation in maternal
strategies during lactation: the role of the biosocial context. Am J Hum Biol 21:817–827.
77 Kuzawa CW. 1998. Adipose tissue in human
infancy and childhood: an evolutionary perspective. Yearbk Phys Anthropol 41:177–209.
78 Gurven M, Kaplan
How long does it take
hunter? Implications
extended development
Hum Evol 51:454–470.

H, Gutierrez M. 2006.
to become a proficient
for the evolution of
and long life span. J

79 Hrdy SB. 2009. Mothers and others: the evolutionary origins of mutual understanding.
Cambridge: Harvard University Press.
80 Wells JCK, Davies PSW. 1998. Estimation of
the energy cost of physical activity in infancy.
Arch Dis Childhood 78:131–136.
81 Neubauer S, Gunz P, Schwarz U, et al.
2012. Endocranial volumes in an ontogenetic
sample of chimpanzees from the Tai Forest
National Park, Ivory Coast. Am J Phys Anthropol 147:319–325.
82 Walker R, Hill K, Burger O, et al. 2006. Life
in the slow lane revisited: ontogenetic separation between chimpanzees and humans. Am J
Phys Anthropol 129:577–583.

212 Noordwijk et al.

83 Leigh SR. 2012. Brain size growth and life
history in human evolution. Evol Biol 39:587–
599.
84 Neubauer S, Hublin J-J. 2012. The evolution
of human brain development. Evol Biol 39:
568–586.
85 Kramer PA. 1998. The costs of human locomotion: maternal investment in child transport.
Am J Phys Anthropol 107:71–85.

ARTICLE

91 Dewey KG, Finley DA, Lonnerdal B. 1984.
Breast milk volume and composition during
late lactation (7–20 months). J Pediatr Gastroenterol Nutr 3:713–720.
92 Rapaport LG, Brown GR. 2008. Social influences on foraging behavior in young nonhuman primates: learning what, where, and how
to eat. Evol Anthropol 17:189–201.

86 Sellen DW. 2007. Evolution of infant and
young child feeding: implications for contemporary public health. Ann Rev Nutr 27:123–148.

93 Hawkes K, O’Connell JF, Blurton Jones NG.
1997. Hadza women’s time allocation, offspring
provisioning, and the evolution of long postmenopausal life spans. Curr Anthropol 38:551–565.

87 Leigh SR, Shea BT. 1995. Ontogeny and the
evolution of adult body size dimorphism in
apes. Am J Primatol 36:37–60.

94 Hrdy SB. 1999. Mother nature. a history of
mothers, infants, and natural selection. New
York: Pantheon Books.

88 Jaeggi AV, van Noordwijk MA, van Schaik
CP. 2008. Begging for information: mother–offspring food sharing among wild Bornean
orangutans. Am J Primatol 70:533–541.

95 Marlowe FW. 2003. A critical period for provisioning by Hadza men: implications for pair
bonding. Evol Hum Behav 24:217–229.

89 Pelto GT, Zhang Y, Habicht J-P. 2009. Premastication: the second arm of infant and
young child feeding for health and survival?
Matern Child Nutr 6:4–18.
90 Carmody RN, Weintraub GS, Wrangham
RW. 2011. Energetic consequences of thermal
and nonthermal food processing. Proc Natl
Acad Sci 48:19199–19203.

96 Hill K, Hurtado AM. 2009. Cooperative
breeding in South American hunter-gatherers.
Proc R Soc Lond B 276:3863–3870.
97 Mitani JC, Watts D. 1997. The evolution of
non-maternal caretaking among anthropoid
primates: do helpers help? Behav Ecol Sociobiol 40:213–220.

test of the hypotheses. Folia Primatol 71:93–
113.
99 Lappan S. 2008. Male care of infants in a
siamang (Symphalangus syndactylus) population including socially monogamous and polyandrous groups. Behav Ecol Sociobiol 62:1307–
1317.
100 Dean C, Leakey MG, Reid D, et al. 2001.
Growth processes in teeth distinguish modern
humans from Homo erectus and earlier hominins. Nature 414:628–631.
101 Marlowe FW. 2006. Central place provisioning: the Hadza as an example. In: Hohmann
G, Robbins M, Boesch C, editors. Feeding ecology in apes and other primates. Cambridge:
Cambridge University Press. p 359–377.
102 Isler K, van Schaik CP. 2012. How
our ancestors broke through the gray ceiling:
comparative
evidence
for
cooperative
breeding in early Homo. Curr Anthropol 53:
S453–S465.
103 Engh AL, Hoffmeier RR, Seyfarth RM,
et al. 2009. O brother, where art thou? The
varying influence of older siblings in rank
acquisition by female baboons. Behav Ecol
Sociobiol 64:97–104.

98 Ross C, MacLarnon A. 2000. The evolution
of non-maternal care in anthropoid primates: a

C 2013 Wiley Periodicals, Inc.
V

of Endangered Species, Illegal
Drugs, and Attempted Murder. Guilford: Lyons Press. 288 pp. ISBN:
9780762773770. $19.50 (hardback).
Malafouris M. (2013). How Things
Shape the Mind: A Theory of Material
Engagement. Cambridge: MIT Press.
304 pp. ISBN: 9780262019194.
$40.00 (hardback).
Marsh L, Chapman C, editors.
(2013). Primates in Fragments:
Complexity and Resilience. New
York: Springer. 537 pp. ISBN:
9781461488385. $179.00 (hardback).
Pechenkina K, Oxenham M, editors.
(2013). Bioarchaeology of East Asia:
Movement, Contact, Health. Gainesville: University Press of Florida. 512
pp. ISBN: 9780813044279. $99.95
(hardback).
Petter J-J, Desbordes F. (2013).
Primates of the World. Princeton:
Princeton University Press. 192 pp.
ISBN: 9780691156958. $29.95
(hardback).
Stojanowski CM. (2013). Mission
Cemeteries, Mission Peoples: His-

torical and Evolutionary Dimensions
of Intracemetery Bioarchaeology in
Spanish Florida. Gainesville: University Press of Florida. 326 pp.
ISBN: 9780813044637. $79.95
(hardback).
 Turner II CG, Ovodov ND, Pavlova
OV. (2013). Animal Teeth and
Human Tools: A Taphonomic Odyssey in Ice Age Siberia. New York:
Cambridge University Press. 490
pp. ISBN: 9781107030299. $110.00
(hardback).
 Ukraintseva V. (2013). Mammoths
and the Environment. New York:
Cambridge University Press. 346
pp. ISBN: 9781107027169. $140.00
(hardback).
 Xygalatas D and McCorkle Jr. W,
editors. (2013). Mental Culture:
Classical Social Theory and the
Cognitive Science of Religion. Bristol: Acumen Publishing. Religion,
Cognition and Culture Series. 268
pp. ISBN: 9781844675421. $29.95
(softback).

Books Received
 Burkhardt, S. (2013). The Correspondence of Charles Darwin. Vol 20:
1872. New York: Cambridge University Press.
862 pp.
ISBN:
9781107038448. $145.00 (hardback).
 Campbell A. (2013). A Mind of Her
Own: The Evolutionary Psychology
of Women, 2nd Edition. Oxford:
Oxford University Press. 448 pp.
ISBN: 9780199609543. $55.00
(softback).
 Clark JL, Speth JD, editors. (2013).
Zooarchaeology and Modern Human
Origins: Human Hunting Behavior
During the Later Pleistocene. New
York: Springer. Vertebrate Paleobiology and Paleoanthropology Series.
275 pp. ISBN: 9789400767652.
$139.00 (hardback).
 Ingold T and Palsson G, editors.
(2013). Biosocial Becomings: Integrating Social and Biological Anthropology. New York: Cambridge
University Press. 281 pp. ISBN:
9781107025639. $85.00 (hardback).
 Kobel P. (2013). The Strange Case
of the Mad Professor: A True Tale











