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Although scientists are aware that humans share the same biological heritage
as do all other organisms on the planet, the reliance of Homo sapiens on culture
and cooperation has resulted in what can best be described as ‘‘a spectacular
evolutionary anomaly.’’1:11 The extra-somatic adaptations, technological domi-
nance, and success of our species in colonizing every terrestrial habitat have no
parallel.2 Moreover, Homo sapiens accounts for about eight times as much bio-
mass as do all other terrestrial wild vertebrates combined,3 an amount equiva-
lent to the biomass of all 14,000þ species of ants,4 the most successful terres-
trial invertebrates. Human societies are complex, with more specialized eco-
nomic niches in the United States than the total number of mammalian species
on the planet.5 While some might suggest that only post-industrial humans
achieved stunning biological success, data suggest that humans living as
hunter-gatherers would have attained a world population of more than 70 million
individuals6 and a total biomass greater than that of any other large vertebrate
on the planet if agriculture had not been repeatedly invented as they spread.

Identifying the causes of human
uniqueness is one of the most excit-
ing and philosophically profound
issues of all scientific research. De-
spite this, only recently have theoret-
ical and empirical advances allowed
research to focus directly on human
uniqueness. Although cultural and
biological views of human behavior
have been at odds for at least a half-
century, recent research on culture-
gene interaction has begun to con-
verge on a paradigm that integrates
not only areas of anthropology,7,8

but all the biological, social, and be-
havioral sciences.1,9

Recent studies of life history, ex-
perimental economics, animal social
learning, and cognitive and evolu-
tionary psychology, combined with
findings from biological anthropol-
ogy, define a set of key traits in the
emergence of human uniqueness.
These include large brains, long
adult life spans, protracted juvenile
dependence, an obligate postrepro-
ductive period, prosocial emotions
that promote extensive cooperation
with nonkin, complex communica-
tion, and a reliance on social learn-

ing that produces cumulative cul-
tural adaptation and social norms
that regulate all aspects of life. These
derived traits span physiological
adaptations, behaviors, cognitive
abilities, and evolved emotions not
seen in our closest primate relatives.
Chimpanzees raised in human

families do not acquire language or
human culture; they learn only a few
hundred vocabulary terms and no
rules of grammar.10,11 In contrast,
exposed human children do acquire
some chimpanzee culture.11 Chim-
panzees also show little prosocial
behavior in experiments that elicit
extensive ‘‘other-regarding behavior’’
by humans.12:8 Chimpanzee females
do not share food readily, even with
their own infants,13 whereas food
transfers to kin and nonkin are
extensive in hunter-gatherer soci-
eties.14 Hunter-gatherers exhibit lev-
els of cooperation-mediated task spe-
cialization that are not approached
by any primate.15 We also know that
human juveniles, but not chimpan-
zees, are dependent on adults for
care and food provisioning until they
reach full adult body size. Moreover
hunter-gatherers have exceptionally
long adult life spans, with baseline
adult mortality being one-fifth that
of wild chimpanzees.16 Finally,
healthy human females show high
fertility in early adulthood, followed
by a precipitous decline to hormone
mediated sterility long before other
signs of physiological senescence.
In order to account for human

uniqueness, we must focus on three
research questions: What are the spe-
cific behavioral proclivities, cognitive
capacities, and emotional mecha-
nisms that set us apart? Why did this
suite of traits evolve in humans and
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not in other animals? Why did they
evolve when and where they did, not
earlier, later, or in a different ecolog-
ical context?

HUMAN UNIQUENESS: CULTURE
AND COOPERATION

We suggest that two fundamental
characteristics account for human
uniqueness.
The first of these characteristics is

extensive reliance on social learning,
resulting in cumulative adaptive
change in extrasomatically stored in-
formation. This system of informa-
tional evolution is the dominant force
of adaptation in humans, but no
other species. The proclivity for imi-
tation in combination with guided
modification and powerful transmis-
sion biases leads to special evolution-
ary trajectories of behavior unantici-
pated by standard behavioral biology.
The capacity for high-fidelity social
transmission has produced a complex
symbolic communication system that
allows transfer of information about
events not directly observed (or
observable) by either party.

The other characteristic is extraor-
dinary cooperation between nonkin,
including specialization, a regular
flow of goods and services between
individuals and groups (Fig. 1), and
the formation of increasingly com-
plex alliance networks. Human cul-
tural conventions solve the problem
of reliably and stably associating
cooperating individuals with each
other. A long natural history of
within-group cooperation has led to
cultural and biological co-evolution
that produced emotional mecha-
nisms facilitating cooperative behav-
ior between kin and nonkin includ-
ing morality, fairness, justice, anger,
indignation, guilt, and the emergence
of universal human traits such as
ethnicity and religion.

HUMAN AND ANIMAL ‘‘CULTURE’’

Culture is information (beliefs)
stored in brains, institutions, and
material goods that is transmitted
socially and influences behavior.
Because cultural variants, like genes,
are units of information that influ-
ence their own transmission, their
frequencies change through time and
culture evolves. This means that both

genetic alleles and cultural variants
interact with environment and each
other to produce observed behavioral
phenotypes. Important theoretical
work on the cultural system of inher-
itance began in the 1970s with Cav-
alli-Sforza and Feldman,17 and was
subsequently infused with formal
population modeling by Boyd and
Richerson.18 Because social learning
mechanisms are shaped by genetic
evolution, but also influence the rela-
tive advantage of alternative geno-
types, genes and culture co-evolve. It
has become clear that dual inheri-
tance theory is requisite for a com-
plete understanding of human behav-
ior.1,8,9 Recently, studies of dual in-
heritance theory have undergone
tremendous growth in sophistication
and complexity as a greater under-
standing of the biological nature of
culture has emerged.19,20

Dozens of animal species are known
to transmit behavioral patterns by
social learning. These include tool use
and food extraction techniques, as well
as variety of social behaviors.21,22 Some
biologists refer to these socially learned
behaviors as animal ‘‘culture’’ and have
classified different regional variant
combinations of learned traits as differ-

Figure 1. a) Matsiguenga woven cotton gowns and b) gold nose pennants are examples of cultural transmission via peaceful interac-
tion with tribes of a different language family. Only lowland Amazonian tribes historically located adjacent to more complex highland
groups show these borrowed highland traits. Extensive horizontal cultural transmission requires both evolved social learning mechanisms
and cooperative conventions that facilitate extensive interaction with distant nonkin groups. [Color figure can be viewed in the online
issue, which is available at www.interscience.wiley.com.]
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ent ‘‘cultures.’’23 The great apes, espe-
cially chimpanzees and orangutans,
are notable in this regard, with over
thirty different regional traditions dis-
tinguishing localized populations.24,25

However, other researchers argue that
animal ‘‘traditions’’ should not be equa-
ted with human culture and point to
important differences in mechanisms
of social learning, the accumulation of

learned traits, and the content of
what is transmitted as differentiating
humans from other animals.10,26–28

Cumulative Cultural Adaptation

Many animals acquire socially
learned traditions, but none display
increasingly complex behavioral pat-
terns built on prior socially transmit-

ted behaviors, a phenomenon that
Tomasello29 has called the ‘‘ratchet
effect.’’ Research in experimental
psychology is beginning to elucidate
differences in learning mechanisms
that may explain why only human
social learning is cumulative.30 For
example, many animals transmit
behaviors mainly through repeated
exposure to a context that increases
their chances of acquiring a behavior
through individual learning. Indeed,
only fifteen years ago Galef27 sug-
gested that all known cases of animal
traditions could be explained by such
‘‘enhancement.’’ In contrast, humans
engage in imitation: learning by
watching it done. Researchers were
initially uncertain if other animals
could learn by imitation, but evi-
dence now shows that apes, marmo-
sets, dolphins, rats, and many spe-
cies of birds also learn through imi-
tation.31,32

Although learning by imitation is
critical to cumulative culture, chim-
panzees, too, learn by watching a
model, yet do not have cumulative
culture. Experiments suggest that
chimpanzees are more inclined to
emulation, or learning to get the
desired result, rather than imitation,
copying the precise means. For exam-
ple, Horner and Whiten33 conducted
experiments showing that human
children copy unrewarded actions
presented by an adult model, whereas
chimpanzees quickly eliminate
actions that are superfluous to obtain-
ing the reward. Further studies have
shown that this is a consistent differ-
ence in human versus chimpanzee
social learning.34 Indeed, the human
proclivity for ‘‘unrewarded imitation’’
is very rare in nature (see McGregor35

for an example in pigeons). Further-
more, experiments show that children
readily imitate altruistic and ‘‘other-
regarding’’ behaviors as well,11:28–29

something never observed in apes.
Children not only copy model actions
precisely, but simultaneously incorpo-
rate an emotional reaction that to do
things otherwise is ‘‘wrong.’’36

Tomasello34 concludes that human
social learning includes an excep-
tional focus on actions rather than
just goals. Nevertheless, chimpanzee
‘‘emulation’’ results in transmission
of behavior with notable fidelity

Figure 2. An Ache man teaches his brother’s stepson (genetically unrelated) how to
butcher a deer. Human cultural transmission is strongly dependent on teaching as well as
imitation, and requires the teacher to behave altruistically toward learners. The human
willingness to teach nonkin as well as kin is probably related to life in cooperative breed-
ing social units. Active teaching allows for the transmission of complex information, such
as religious beliefs and social norms, not directly observable by imitators. [Color figure
can be viewed in the online issue, which is available at www.interscience.wiley.com.]
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across a chain of individuals within
a social group and between social
groups that observe each other.37

This allows some traditions to spread
through space and time. However,
follow-up experiments have shed
additional light on critical differen-
ces between chimpanzees and
humans. For example, chimpanzees
imitate behaviors that provide imme-
diate rewards but are reluctant to
adopt subsequent new behaviors that
can provide even higher rewards.38

Careful analyses of social learning
in humans and apes will almost cer-
tainly uncover other critical distinc-
tions. For example, humans regularly
engage in ‘‘teaching,’’ but none of the
apes have been observed to do so.39

Unlike other animals, humans teach
not only offspring, but other adults
and even nonkin (Fig. 2). Human
imitation also includes multiple
transmission biases, such as confor-
mity bias, success and prestige bias,
and similarity bias, which may be
critical to explaining cumulative cul-
ture in our species.8

Theoretical modeling has also pro-
vided important insights into why cu-
mulative culture is rare among nonhu-
mans.26 For example, Boyd and Richer-
son40 demonstrated that the selection
force on social learning depends on the
amount of previously existing useful
culture to copy. Copying ismost favored
in groups that already have many cop-
iers who have already produced adapt-
ive culture. If imitation capacity is
mainly adaptive when present at a high
frequency, howwould it get started?

Social Norms, Ethnicity,
and Language

Despite considerable research on
cultural transmission mechanisms,
less work has been done on the con-
tent of social transmission and
whether humans show uniqueness in
this realm. We propose that language
and social norms are evolving infor-
mational systems not observed in
other primates. Hill28 proposed that
human ‘‘culture’’ is conceptually dis-
tinct from animal traditions because
it consists of three components uni-
versally present in all human soci-
eties: socially learned techniques and
technologies; socially learned regula-
tion of behavior (norms, conven-
tions, rules, laws) achieved through
third-party rewards and punish-
ments; and symbolic and emotional
reinforcement of, and signaling ad-
herence to, a specific rule system (rit-
ual, morality, religion, ethnicity).

The second and third components
on this list have not been described
in nonhuman animals. The transmis-
sion of these components may rely
on unique cognitive adaptations
for transmission by teaching.41

Members of human societies contin-
uously negotiate conventions that
limit within-group competition and
promote within-group cooperation.
The learning of such conventions
may rely on teaching, as well as con-
formist and success-biased transmis-
sion, and may result in the spread of
group-beneficial norms through a
process of cultural group selec-

tion,42,43 something that is unknown
for any other species.
The uniquenesss of this cultural

process is evident in hunter-gatherer
societies, where socially learned
norms regulate competition over valu-
able biological resources and promote
cooperation. Indeed, all hunter-gath-
erer societies develop regulations28

that control access to things such as
mates, food patches, already-acquired
foods, signaling opportunities, kin
and allies, and political power. Such
regulations also govern acceptable
expression of conflict (Fig. 3), age-sex-
structured behavioral patterns, and
public health hazards. These regula-
tions constrain the competitive game
of life for ethnic in-group members.
Cultural norms are reaffirmed and re-
inforced symbolically through ritual
and, because interaction with others
‘‘playing by the same rules’’ is advanta-
geous, ethnic signaling is universal in
human societies (Fig. 4).44,45 When
people become experts at playing the
game of life by a specific set of rules,
they internalize a commitment to
those rules (morality) and react emo-
tionally against any violations that
threaten to bring change.
It has long been argued that lan-

guage is what makes us human and
sets us apart from other animals.
But language appears to be a
cognitive offshoot of social learning.
Evolutionary linguists suggest that
language consists of three central
cognitive abilities that must be
accounted for in order to explain
why humans alone have language,

Figure 3. Allowable forms of conflict and rights of signaling are extensively regulated by social norms in Ache society. a) Men can only
engage in intratribal violence through regulated club-fight duels. b) Older men referee the duel and women kinsmen ensure that cer-
tain rules are followed that generally permit only nonlethal injury. c) When a death does occur, special body scarification, which others
are not allowed to display, is applied to the killer after an extensive period of regulated food deprivation and other ritual purification.
[Color figure can be viewed in the online issue, which is available at www.interscience.wiley.com.]
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These cognitive abilities are commu-
nicative intentions, capacity for
reference, and production and
interpretation of structured sequences.46

The first of these may be derived from
cooperative breeding, while the second
and third components are part of the
high-fidelity social learning mechanisms
that humans apply to all cultural trans-
mission.

Ultrasociality

We use terms like ‘‘hyper-coopera-
tion’’ and ‘‘ultrasocial’’ to describe
regular cooperation in social groups
composed partially or completely
of nonkin. Although wild chimpan-
zees sometimes cooperate with unre-
lated individuals,47 humans provide
extensive help to nonkin in ways that

seem unanticipated by the ‘‘selfish
individual’’ perspective of evolution-
ary biology or the ‘‘rational self-
regarding actor’’ paradigm of econom-
ics. Surprisingly, behavior often
seems designed to promote group wel-
fare. Hunter-gatherer societies show
numerous cooperative institutions,
from social status leveling48,49 and
alloparental caretaking50 to between-
group exchange,51 cooperative food
acquisition,15 and extensive, even gen-
eralized food redistribution.14 But not
until the emergence of experimental
economics did it become clear that
the predicted Nash equilibrium
behaviors, from economics, or evolu-
tionary stable strategies, from biology,
based on assumptions of self-inter-
ested actors, systematically failed to
predict human behavior.
Recently, many carefully con-

trolled experiments have demon-
strated unexpected cooperation in
numerous contexts.52 For example,
despite mythology to the contrary,
people frequently cooperate rather
than defect in the one-shot Prisoners
Dilemma.53 They also expect others
to cooperate if they have met or
talked with them. Experimental
subjects indicate that they prefer the
cooperate-cooperate outcome over
the defect-cooperate outcome that
would provide them higher pay-
offs.54 They make generous offers
far above the predicted equilibrium
in Ultimatum games and reject
‘‘unfair’’ offers despite a substantial
loss of potential resources.55 They
divide resources with others in one-
shot anonymous Dictator games,
even though they have complete
control over the division. They
entrust large endowments to ‘‘dic-
tators,’’ relying on them to split a
stake fairly, in the Trust game.56

Finally, contributions to Public
Goods (in games and real life) are
notably higher than the expected
zero contribution predicted by for-
mal rational actor models.57 While
the evolutionary interpretation of
results from experimental economics
is still strongly debated,58,59 the
results indicate a clear behavioral
distinction between humans and
apes; for example chimpanzee
‘‘dictators’’ in captivity never pass
food from one cage to another.

Figure 4. Yora tribesmen are distinguished by a variety of traits such as plucked eyebrows and
body hair, a unique facial necklace, penis ties, andwaist sashes, Urucu-latex painted hair with
flaring straight bangs, perfume-smelling flowered armbands, and a belt of woven beads and
monkey incisors. Neighboring Arawakan groups (Matsiguenga and Piro) exihibit none of these
traits. Ethnicmarkers are ubiquitous in human societies and probably are used to signal adher-
ence to a common set of social norms in order to find willing social partners. [Color figure can
be viewed in the online issue, which is available at www.interscience.wiley.com.]
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As multitudes of ‘‘cooperation’’
games were tested under ever more
rigorous conditions, two things
became clear. First, people did not
cooperate simply because they failed
to understand the games or because
they were blindly playing ‘‘as if’’
some typical ancestral conditions
rather than the experimental condi-
tions applied to the situation.60 Sec-
ond, the proclivity to cooperate char-
acterizes remote tribal peoples as
well as those in nation-states, but the
levels of cooperation vary with ‘‘cul-
tural’’ factors.61,62

More recent theoretical explora-
tion has uncovered a universal ‘‘core
dilemma of cooperation’’—condi-
tions that, when met, can lead to
the evolution of altruistic coopera-
tion in any species. Mathematical
models derived from the Price equa-
tion63 unite kin selection, reciprocal
altruism, group selection, indirect
reciprocity, and norm-based cooper-
ation into a single framework and
demonstrate that any mechanism
that regularly associates acting
altruistically with being the recipient
of altruistic behavior can favor the
evolution of cooperation.11:35–74,215–218

The models show that no form of
cooperation is truly altruistic in the
genetic sense. All cooperative mecha-
nisms proposed either increase the
direct fitness of the actor or can be
explained by inclusive fitness effects.
While kin selection and reciprocal
altruism are the best-known examples
of this, experimental research shows
that significant levels of cooperation
can also be achieved through reputa-
tional effects,64 communication65 by
punishment of noncooperators,66 and
between-group competition.67

THIRD-PARTY PUNISHMENT

Research on cooperation in
humans was significantly advanced
with the empirical demonstration of
third-party punishment by a majority
of subjects who observe uncoopera-
tive behavior.68 This punishment is
labeled ‘‘altruistic’’ because it con-
sists of a penalty, applied at a cost
by an observer, to an individual
exhibiting uncooperative behavior
when interacting with an unrelated
third party. In conjunction with this,

a large number of experiments con-
firm that when noncooperators are
punished for defection (free-riding),
they subsequently behave coopera-
tively.69 However, whether third-
party punishment should be labeled
‘‘altruistic’’ and whether it can induce
cooperation in societies without
state-sponsored enforcement is still
debatable. Several studies suggest
that such punishment may be
designed to enhance the reputation
of the punisher in nonlaboratory set-
tings.70,71 Other studies have sug-
gested that retaliation may limit the
ability of any punishment to produce
collective good.72,73 This may be
why, so far, empirical evidence for
punishment of noncooperation is
mixed in hunter-gatherer studies.74,75

. . . the evolved taste for
‘‘fairness’’ in dyadic and
small-scale interpersonal
interaction appears to
be directly related to
evolved neural
mechanisms84,85 that are
also are activated in the
application of
punishment by impartial
judges in modern legal
systems.86 In short,
humans may have
evolved emotional
machinery not present in
apes that promotes
nonkin cooperation.

Despite the debate over its ultimate
causality, however, the observations
of third-party punishment in experi-
ments have led theorists to explore
how cooperation might be achieved
through such punishment.76–78 The
observed high frequency of initial
cooperation and willingness to
punish has led to new terms to
describe these traits. ‘‘Strong reci-
procity’’79:169 is defined as ‘‘a propen-

sity to reward those who behave
cooperatively and to punish those
who violate norms of acceptable
behavior, even when reward and pun-
ishment cannot be justified in terms
of self-regarding, outcome-oriented
preferences.’’ Similarly, terms such as
‘‘other-regarding preference’’ and
‘‘prosociality’’ describe the proclivity
to take into account the payoffs to
other individuals as well as to ones
self in cooperative dilemmas.
Third-party punishment, strong

reciprocity, and pervasive prosocial
tendencies appear to be derived
features of the genus Homo, since
chimpanzees, unlike humans, do not
punish ‘‘unfairness’’ or the lack of
other-regarding behavior by compa-
triots,80,81 and show only limited
evidence of other-regarding behav-
ior.12,82 Prosociality in humans as
compared to other apes may be
related to cognitive features of our
species, such as greater cognitive
ability in cooperative realms.83 Most
importantly, the evolved taste for
‘‘fairness’’ in dyadic and small-scale
interpersonal interaction appears to
be directly related to evolved neural
mechanisms84,85 that are also are
activated in the application of pun-
ishment by impartial judges in mod-
ern legal systems.86 In short, humans
may have evolved emotional machin-
ery not present in apes that pro-
motes nonkin cooperation.

CRITICAL PRE-ADAPTATIONS

The suite of traits that has set
humans apart from other animals
must be explained by historical and
ecological circumstances acting on
prior evolved adaptations. For exam-
ple, Richerson and Boyd87 and
Alvard7 have proposed that intrinsic
characteristics of the genus Homo,
such as advanced theory of mind88

(the ability to understand that others
have a different state of knowledge
or belief), and extrinsic events such
as increased climate variability in the
Pleistocene might have combined to
produce the evolution of cumulative
cultural capacity in hominins. Fol-
lowing their lead, we outline a series
of preadaptations that may help
explain why later Homo evolved
unique traits that chimpanzee, ele-
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phant, and porpoise lineages did not.
Other apes have large brains, regu-
larly engage in social learning, and
exhibit theory of mind. Moreover,
those ape species also passed
through the Pleistocene without
evolving the combination of charac-
ters that make humans biological
outliers. We must, therefore consider
important preadaptations in the ge-
nus Homo that led to human unique-
ness.
First, hominins are bipedal and, as

a result, cover geographical ranges
far larger than other apes do. Even
hunter-gatherers living in tropical
forests have daily home ranges that
are two to three times those of chim-
panzees, and lifetime home ranges
more than two orders of magnitude
greater.89–93 Thus, individual homi-
nins faced more environmental vari-
ability than do chimpanzees. Theo-
retical models suggest that this
would favor social learning
capacity.94 Second, bipedal hominins
evolved exceptional manual dexterity
because their hands were freed from
locomotory constraints, and they
could carry tools with little cost. This
would have favored increased tool
using and making behavior and
probably increased selection pressure
on imitative capacities as well.
Third, by at least 2 million years

ago, hominins had begun to depend
on high-quality, widely dispersed
resources that were difficult to
obtain. This shift of feeding niche had
important life-history implications.95

Juveniles could not fully feed them-
selves due to the complexity of the
extractive niche, and this led to their
provisioning by close kin. As large-
package foods became common, the
foods returned to the juvenile home
base were probably ‘‘shared’’ by co-
residents. This pattern would have
provisioned children, but also
allowed temporarily sick or injured
adults to obtain food until recovery.
Such a pattern, similar to that
reported for other social carnivores,
such as wild dogs,96 might partially
explain why hunter-gatherers experi-
ence early adult mortality at one-
fifth the rate of wild chimpanzees,16

That pattern would favor a life his-
tory with later age at maturity and
delayed onset of senescence.

COOPERATIVE BREEDING

Cooperative breeding is a pattern
in which individuals other than
genetic parents engage in behaviors
that increase juvenile survival and/or
the fertility and survival of reproduc-
tive adults. Anthropologists have bor-
rowed terms such as ‘‘helpers-at-the-
nest’’ to describe those who provision
juveniles or each other’s families
when constrained by infants. Ethno-
graphic observation in hunter-gath-
erers suggests that our species was
organized into extended-kin-group
resource acquisition and consump-
tion units that engaged in coopera-
tive breeding.95,97,98 Recently, a full
appreciation of the implications of
cooperative breeding has tied this
pattern to the evolution of prosocial

. . . those who provide
food to families in need
during one period may
not receive shares back
from the same families
when they later become
net energy producers.

behaviors and emotions, as well as
many features of human life his-
tory.98,99 Empirical studies of coop-
erative breeding in humans have
employed three methodologies: anal-
yses of provisioning and food flows
between individuals and families100;
statistical detection of kin impact on
fitness components;91,101 and behav-
ioral observation of allomaternal
caretaking.50 Although we pioneered
the second method,91 we recognize
that it has the greatest likelihood of
incorrectly assessing the value of
specific kin help. Regressions of child
survival on the survival of specified
kin during the same time period may
produce false positives due to pheno-
typic correlation and false negatives
due to substitutability of help and
indirect pathways of impact.102 This
means that all three methods should
compliment each other for a full
understanding of helping behavior in

human societies. Here we focus
mainly on food provisioning.
Because energy harvest rates and

the costs of accumulating dependent
offspring do not follow the same age
curve in hunter-gatherers,103,104

breeding pairs in human societies
can expect to be net food producers
at some ages and net consumers at
other ages (Fig. 5). Most importantly,
those who provide food to families in
need during one period may not
receive shares back from the same
families when they later become net
energy producers. Instead, conformity
to food-sharing norms of ‘‘generalized
reciprocity’’ within kin groups or resi-
dential bands frequently result in
‘‘need-based’’ food sharing with those
having many dependents.105

Data on net food production and
transfers among the Ache hunter-
gatherers of Paraguay and the Hiwi of
Venezuela are instructive. Hill and
Hurtado98 showed in spot samples
that "30% of women and "45% of
men in these societies had no depend-
ent offspring at any point in time.
Nevertheless, adults often intention-
ally acquired more food than they con-
sumed. The surplus was distributed
according to the food-sharing conven-
tions of each group. This resulted in
approximately 1.3–1.4 adult ‘‘helpers’’
per breeding pair in each group. In the
middle reproductive years, demo-
graphic and food production parame-
ters imply that average families must
be substantially dependent on outside
provisioning to survive. This expecta-
tion was verified with data on actual
families showing that more than half
of the nuclear families in which the
wife’s age was between 30 to 45 years
experienced long-term net daily
energy deficits in production.98

Although some models have
emphasized matrikin as the coopera-
tive breeding unit in humans,106

research on the Ache and Hiwi indi-
cates that males are more important
as provisioners, while grandmothers
provide other types of support.
Indeed, postreproductive Ache and
Hiwi women contributed very little
to meeting the food deficits of
high-dependency families because
older women were a small fraction
of the population and not very
productive relative to younger men.
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Whether these results are typical of
other foraging societies and peri-
ods in hominin history remains an
open question. But, contrary to
popular views, we note that verte-
brate prey makes up the most food
energy and virtually all of the pro-
tein lipid in most modern foraging
societies that have been well stud-
ied.95,107 Everything from archeo-
logical assemblages108 to high-lati-
tude colonization109 to isotopic
studies110 and tapeworm genet-
ics111 suggests that hominins were
highly dependent on meat for a
long time. In both our study popu-
lations, meat was the most impor-
tant component of the diet (78%
for Ache, 80% for Hiwi95); young
and unmarried men were the main
surplus food providers, contribut-
ing 93–100% of the deficit for mid-
dle-aged families; and the numeri-
cal importance of male helpers was
augmented by male-biased adult
sex ratios due to infanticide and
neglect.91,112

The Ache and Hiwi data suggest
that nuclear families in hunter-gath-
erer societies are not capable of pro-
ducing sufficient resources to sustain
typical fertility and child survivor-
ship rates through the entire life
span (Fig. 6). Instead, all breeding
pairs experience runs of bad luck, ill
health, and an unsupportable off-
spring dependency load in mid-life
that is covered by food transfers
from other adults.98 Because resour-

ces are actively transported back for
needy families and often saved pref-
erentially for them when they are
absent, long-term provisioning prob-
ably is not explained by ‘‘tolerated
theft’’ or costly signaling.113 Instead,
kin-biased group composition, pay-
to-stay arrangements,114 benefits of
group augmentation,97 indirect reci-
procity,113 between-group competi-
tion,67 and cultural group selec-
tion42,43 may be required to explain
generalized reciprocity within resi-
dential bands.

COOPERATIVE BREEDING AND
LIFE-HISTORY COEVOLUTION

Many derived features of human
life history coevolved with a coopera-
tive socioeconomic system. Hunter-
gatherer children are born helpless.
They undergo a long period of brain
growth and slow body growth that is
associated with almost total depend-
ency until they reach full adult body
size. The adolescent growth spurt
must be subsidized by helpers, since
there is no sudden increase in the
productive ability of juveniles or
their parents during teen years.95

Fertile females are able to invest
more per unit time in reproduction
because they are resource subsi-
dized. These subsidies allow women
to raise multiple juvenile offspring
through long periods of overlapping
dependency and obligatory parental

investment. Finally, the low adult
mortality and long life span in
humans allows for a postreproduc-
tive cohort that assists reproduction
of the next generation.
In hunter-gatherer societies, female

fertility is compressed in length, but
amplified in height when scaled to
our life span and compared to other
apes. Hunter-gatherer women typi-
cally achieve early adult fertility rates
of approximately 0.3 offspring per
year, whereas ape fertility typically
peaks around 0.2 offspring per year.95

Wild chimpanzees show interbirth
intervals after surviving offspring
that are nearly twice as long ("70
months115), as typical hunter-gatherer
interbirth intervals.91 However, de-
spite higher initial fertility, human
females begin a period of steep
fertility decline sooner than chimpan-
zees do and well before the onset of
significant senescence in other body
functions.91 For example, healthy
chimpanzee females maintain at least
50% of their maximum fertility rate
for about 30 years.115 Whereas healthy
Ju/’hoansi and Ache women maintain
fertility at 50% of their maximum rate
for only about 20–25 years.91

Even though their fertility decline
leads to hormonally mediated steril-
ity (menopause), women continue to
live for decades, engaging in indirect
reproduction by helping their chil-
dren and grandchildren to survive
and reproduce.101 While such kin
helping may be sufficient to explain

Figure 5. Two Hiwi extended families with contrasting juvenile dependency loads. a) The first patrilocal extended family has an excess of adult
male producers and acquired surplus food throughout ourmonitoring period in the 1980s. b) The secondmixed-kin family experienced a net def-
icit of caloric production over several observation years. Extensive food flows within and between extended families regulated by sharing norms
allow hunter-gatherers to feed families with high dependency loads during periods of life history in which more dependent children are being
raised than can be fed by genetic parents. [Color figure can be viewed in the online issue, which is available at www.interscience.wiley.com.]
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the postreproductive life span in
females,106 the levels of genetic con-
tribution by postreproductive women
do not appear to be high enough to
offset fitness losses due to fertility
termination.91,116 Since increased
reproductive span should have
evolved with increased life span as it
does in most organisms, no evolu-

tionary model supported by data cur-
rently explains menopause. One pos-
sibility, consistent with the Ache and
Hiwi data we have summarized, is
that menopause is favored because
of the investment patterns of male
helpers. Perhaps sons, who will be
equally related to their own offspring
or siblings, prefer to provision

younger females (wives) of high
intrinsic fertility rather than older
females (mothers) whose reproduc-
tive machinery has declined in effi-
ciency due to senescence.117 This
pattern would be further amplified if
women receive subsidies from poten-
tial lovers. As a woman loses male
provisioning, her reproductive output
may drop low enough to favor termi-
nation of continued investment in her
reproductive function. Hill and Hur-
tado91 have shown that a drop to
one-sixth of peak fertility would favor
menopause in Ache women if it
diverted energy from their own repro-
duction to the statistically measured
impact on the survival of grandchil-
dren. Thus, menopause may be an
adaptation to provisioning patterns
and subsequently result in further
provisioning (by postreproductives).

Implications of Cooperative
Breeding

Hrdy99 recognizes cooperative
breeding as a critical trait in human
evolution that can account for proso-
cial emotions and some life-history
traits. Here we elaborate. Studies
show that cooperative breeding spe-
cies often develop task specialization,
effective communication, amplified
prosocial behavior, and facilitation
of social learning. For example, coop-
eratively breeding callitrichids prefer
to provision others as well as them-
selves in controlled experiments.118

Many cooperative breeders show in-
cipient social norms, such as regula-
tions about who can breed and what
types of helping are required, which
are backed by punishment from both
breeders114,119 and nonbreeders.120

Deceptive false-helping behavior
probably indicates norm enforcement
in other species.121,122 Active demon-
stration of behavior by altruistic mod-
els (teaching) is also mainly limited
to cooperative breeding species.39,123

Finally, cooperative breeding
results in social clustering of individ-
uals with a strong impetus to read
each others’ intentions to coordinate
effectively in reaching shared goals.
This may provide the ‘‘communica-
tive intentions’’ necessary for the evo-
lution of language. Not surprisingly,
some species, such as honeybees,

Figure 6. Net energetic production a) by age of all Ache nuclear families (triangles,
monogamous; circles, polygynous) alive in 1970 (precontact) based on measured age-
specific consumption and production (postcontact), and of all b) Hiwi nuclear families
by age during one two-year observation period when all were completely dependent
on foraging. Cooperative breeding is indicated because a fraction of families in both
societies, mainly late middle age, were observed to require long-term energetic supple-
mentation in order to raise their dependent offspring. (See Hill and Hurtado98). [Color fig-
ure can be viewed in the online issue, which is available at www.interscience.wiley.com.]
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known for their complex communi-
cation, are also cooperative breeders.
Thus, we suggest that cooperative

breeding may explain the large gap
in ‘‘shared intentionality’’124 and
exceptional cooperative, but not
competitive, social intelligence that
distinguishes human and chimpan-
zee cognitive abilities.87 Most impor-
tantly, these cognitive traits may pro-
vide an important cue as to why
humans alone have cumulative cul-
tural capacity. Apes have notable
social learning skills, but they often
view behavioral models as potential
competitors rather than helpers, and
try to deceive or manipulate them.
Humans, on the other hand, imitate
while presuming that the model
intends to help them rather than to
compete. This may explain why
human children precisely imitate
rather than simply emulate to reach
a goal.33 Children often assume that
a ‘‘teacher’’ has their best interest at
heart and intentionally demonstrates
useful behavior. This may also
explain why children readily imitate
newly introduced behaviors despite
already having learned other solu-
tions to a problem, whereas chim-
panzees do not.34

BEHAVIORAL MODERNITY AND
HUMAN UNIQUENESS

The perspective on human unique-
ness discussed here may shed new
light on the evolutionary dynamics
of what is often termed behavioral
modernity.125,126 Here we discuss
evidence from the paleoanthropologi-
cal record concerning emergence of
the capacity for cumulative culture,
creation of social norms, ethnicity,
and extensive cooperation between
nonkin facilitated by prosocial emo-
tions, along with life-history shifts
such as long juvenile period and long
life span. This information is then
used to present a hypothetical
sequence of adaptation that may
help organize future research.

Life History and Cooperative
Breeding

Dental development and brain
growth patterns increasingly suggest

that early Homo exhibited a life his-
tory closer to the faster juvenile
growth of apes than to the slower
growth rates of modern
humans.127,128 If that is correct, the
fast life history of early Homo implies
that food sharing and care of debili-
tated individuals in the early Pleisto-
cene were not sufficient to buffer
periods of injury and illness that
would have lowered adult mortality
and extended the juvenile period to
modern human levels. Available data
may imply, however, that a human-
like life history had emerged by the
Middle Pleistocene if slow juvenile
growth is shared by both Neander-
thals and early Homo sapiens.128,129

Provisioning of juveniles
and slow life history is
more likely in the
context of home-base
camps where food is
shared among camp
occupants.

However, some evidence suggests
that Neanderthals did not have a
slow life history like humans,130 so
the timing of life-history change
remains uncertain. In any case, all
interpretations of currently available
data imply that emergence of a slow
life history took place well after the
shift to a hunted and extractive diet.
This is indicated by gut size reduc-
tion,131 flake-tool use, and tapho-
nomic assemblages.103

Provisioning of juveniles and
slow life history is more likely in the
context of home-base camps where
food is shared among camp occu-
pants. In this light, Potts132 has
argued that lithic accumulations
once considered to be home bases
for early Homo were most likely
stone stockpiles used during the
transportation of resources from the
acquisition site to a consumption
site. Not until the beginning of the
Middle Pleistocene is it probable that
accumulations of artifacts and ani-
mal bones in cave and shelter

locales,133 as well as evidence of
hearths with animal and plant food
consumption, tool making, and other
activities,134 indicate residential
camps to which humans repeatedly
returned to share food and other
resources.
Paleoanthropological data may

eventually indicate the beginnings of
provisioning of disabled adults as
well, which is critical for the evolu-
tion of long life spans and the emer-
gence of a postreproductive phase.
Currently, however, the evidence for
adult provisioning in the Early Pleis-
tocene is unconvincing.135 The large
Middle Pleistocene Atapuerca assem-
blage appears strongly dominated by
young individuals, with the likeli-
hood that no postreproductives are
represented.136 There are more con-
vincing suggestions of provisioning
of the sedentary disabled and elderly
by the initial Late Pleistocene. Of
note is the Shanidar I individual,
who had severe injuries that had
healed,137 perhaps indicating that
some elderly individuals cared for
juveniles and were provisioned by
others who foraged.

Cumulative Culture and Nonkin
Cooperation

Cumulative cultural capacity is
indicated by traits that require multi-
ple innovative steps and cannot feasi-
bly be acquired through individual
learning in a single generation. By
these criteria, incipient cumulative
cultural ability may have been pres-
ent around the time that hominins
occupied temperate latitudes.109,138

Even during interglacials, biologi-
cally subtropical humans would have
needed fire and some kind of body
coverings for survival, suggesting
reliance on semi-complex socially
transmitted innovations.139 On the
other hand, the monotony of Middle
Pleistocene stone technology displays
little cumulative cultural innovation
for much of this period. An east-west
division recognized in Early and
Middle Pleistocene lithic industries,
with bifaces common across much of
Africa, India, and Western Eurasia,
but rare elsewhere,140 persisted for
hundreds of millennia. Moreover,
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morphological differences among
Middle Pleistocene bifaces seem
more attributable to lithic raw mate-
rial and artifact life histories than
protocultural traditions.141

Evidence of significant cumulative
social transmission is more convinc-
ing in both Africa and Europe by the
initial Late Pleistocene or slightly
earlier.142 By that time, different
technological traditions had emerged
across limited geographical space. In
Africa, these include distinctive
changes in technological complexes,
as at Still Bay to Howieson
Port,143,144 that span at the scale of
millennia or even less. Elsewhere, ge-
ographic differentiation in lithic
technology industries includes the
well-known Levallois Mousterian,
Szeletian central European indus-
tries, and the North African Ater-
ian.145,146 Most importantly, if Cha-
telperronian or some other post-
Mousterian industry is a product of
Neanderthals,125 this implies that the
cognitive machinery required to pro-
duce cumulative culture must have
evolved before the human-Neander-
thal split.
Ethnic signaling, indicating social

norms and intergroup competition or
segregation, is a ubiquitous feature of
modern Homo sapiens, with group
membership often signaled by perso-
nal adornment. The earliest potential
evidence of ethnic signaling may be
ground ochre and manganese diox-
ides found in sites from Europe,
Africa, and India during the late Mid-
dle Pleistocene,147,148 although these
materials also may have served other
functions.148,149 Perforated shell
beads are more direct markers of per-
sonal adornment, and appear consid-
erably later than do pigments, in the
early Upper Pleistocene at some
South African and Near Eastern sites
and by the mid-Late Pleistocene in
Europe.125,150

Cooperation between nonkin is
probably indicated by large residen-
tial group size, and material sources
transported over large distances. The
transition to larger social groupings
is clearly evident by OIS 3, including
a shift toward central place foraging
and increasingly distant resource for-
ays among all hominins of western
Eurasia at least.151,152

A TEMPORAL SEQUENCE

In this paper we have suggested that
cumulative cultural capacity and
mechanisms that promote cooperation
between nonkin are keys to the spec-
tacular biological success of Homo
sapiens. Here we present a possible
chronological sequence of related
adaptations that form a set of working
hypotheses for future research:

A. Bipedality led to manipulative
dexterity, low-cost transport, and
larger home range. These traits favored
more extensive tool use and greater
selection for social learning capacities.

The transition to larger
social groupings is
clearly evident by OIS 3,
including a shift toward
central place foraging
and increasingly distant
resource forays among
all hominins of western
Eurasia at least.

Oldowan tools indicate abilities not
present in other apes. Amplified
home range was a critical preadapta-
tion for the subsequent dietary shift
to widely dispersed but nutrient-
dense resources.

B. Dietary shift to a hunted and
extracted diet created juvenile de-
pendence on adult provisioning. This
promoted kin-based cooperative
breeding along with evolution of
early prosocial emotions, enhanced
theory of mind, shared intentionality,
and more complex communication
that facilitated task specialization
and integration of the shared goals
of cooperative breeders. The emer-
gence of a home-base economic sys-
tem allowed adults debilitated by ill-
ness and injury to recover, favoring
later senescence and later sexual ma-
turity.

C. Imitative capacity and shared
intentionality interacted to produce
cumulative cultural capacity. This
relied on a pedagogical mode of
interaction in which imitators pre-

sumed that models were motivated
to help rather than compete with
them. The emergence of cumulative
culture was a slow process because
high-fidelity social learning can only
be strongly favored when there are
already useful cultural traits to be
copied. In order for cultural accumu-
lation to take place, there must be a
large population, frequent and close
interaction between models and imi-
tators, and long time periods to
allow rare innovations to arise,
spread, and stabilize without being
lost through stochastic processes.
D. Cumulative cultural capacity

and prosocial emotions led to lan-
guage, social norms, ethnicity, and
extensive nonkin cooperation. This
allowed the emergence of social
norms regulating mate exchange
between kin groups and promoted
intergroup peaceful interaction due
to cross-cutting genetic interests, as
well as the emergence of gifting and
trading. Because of the increase in
effective interacting group size, with
members of multiple residential or
social units becoming models for
imitation, cultural accumulation
sped up enormously. Cultural group
selection became an important force
in human history. Increased coopera-
tive proclivities and reliance on
social learning continued to coevolve
to produce a uniquely cultural and
cooperative species.

CONCLUSION

The last Interglacial/Glacial cycle
was a critical period for the spread of
uniquely human cultural components
of cooperation. At the beginning of
the Late Pleistocene, the archeologi-
cal record paints a picture of most
hominins living in small and widely
dispersed social groups, with incipi-
ent or no ethnic and symbolic display,
and still slowly changing artifact
assemblages. At the end of this pe-
riod, there is evidence of periodic
large group size, intense and diverse
personal adornment, representational
and geometric art, and diverse, rap-
idly changing artifact assemblages.
These uniquely human characteristics
are observed within the single species
Homo sapiens throughout the world
by the end of the Pleistocene.153
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Humans of the late Pleistocene al-
ready represented an anomaly and
had evolved the traits that would
lead to dramatic biological success.
They progressively achieved domi-
nance on the planet through cultural
adaptation and cooperation. Human
ultrasociality has continued to
expand, promoted by culturally
transmitted institutions that regulate
cooperation and competition. The
signaling of adherence to specific
social norms through ritual and eth-
nicity has provided the spice of mod-
ern cultural diversity. Most impor-
tantly, the coevolution of cultural
capacity and nonkin cooperation
have repeatedly created new physi-
cal, technological, and social envi-
ronments for subsequent evolution.
Thus, the evolution of human
uniqueness did not cease with the
global spread of anatomically mod-
ern humans but continued through-
out the Pleistocene, into the Holo-
cene, and in the present, with conse-
quences for the earth’s biota that we
noted at the beginning of this essay.
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151 Féblot-Augustins J. 1993. Mobility strat-
egies in the late Middle Paleolithic of Central
Europe and Western Europe: elements of stabil-
ity and variability. J Anthropol Archeol 12:211–
265.

152 Barton M, Riel-Salvatore J. n.d. A lithic
perspective on ecological dynamics in the
Upper Pleistocene of Western Eurasia. In: Ols-
zewski D, Dibble H, editors. Papers in honor of
Arthur Jelinek. Philadelphia: University of
Pennsylvania Press. In review.

153 Shea JJ. 2007. Behavioral differences
between middle and upper Paleolithic Homo
sapiens in the east Mediterranean Levant.
J Anthropol Res 63:449–488.

VVC 2009 Wiley-Liss, Inc.

Books Received

# Shekelle, M., Maryanto, I.,
Groves, C., Schulze, H., and
Fitch-Snyder, H., Eds. (2008).
Primates of the Oriental Night.
145 pp. Jakarta: LIPI Press. ISBN:
978-979-799-263-7 (paper).

# Burton, F. (2009). Fire: The Spark
that Ignited Human Evolution.
231 pp. Albuquerque: University
of New Mexico Press. ISBN: 978-
0-8263-4646-9. $34.95 (hardcover).

# Allen, J.S. (2009). The Lives of
the Brain: Human Evolution

and the Organ of Mind. 338 pp.
Cambridge: Harvard University
Press. ISBN: 978-0-674-03534-8.
$39.95 (hardcover).

# Naour, P. (2009). E.O. Wilson
and B.F. Skinner: A Dialogue
Between Sociobiology and Rad-
ical Behaviorism. 138 pp. Chi-
cago: University of Chicago
Press. ISBN: 978-0-387-89461-4.
$129.00 (hardcover).

# Wrangham, R. (2009). Catching
Fire: How Cooking Made Us

Human. 309 pp. New York:
Basic Books. ISBN: 978-0-465-
01362-3. $26.95 (hardcover).

# NystronP. andAshmoreP. (2009).
The Life of Primates. 452 pp. New
Jersey: PrenticeHall. ISBN: 978-0-
13-048828-2. $64.67 (paper).

# LappanS. andWhittaker,D.J., Eds.
(2009). The Gibbons: New Perspec-
tives on Small Ape Socioecology
and Population Biology. 523 pp.
New York: Springer. ISBN: 978-0-
387-88603-9. $149.00 (hardcover).

200 Hill et al. ARTICLES


