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Recent claims of culture in great apes have provoked
fervent argument about the ‘true’ definition of culture,
most of which has been unhelpful. Instead, a range of
definitions should be used to explore different aspects
of the cognitive processes that together result in human
culture, many of which can be productively studied in
non-humans. A richer cognitive account of the contents
of culture needs to be developed and used to compare
animal and human cultures, instead of sterile searching
for a cognitive Rubicon between them. Exploring six
views of culture, this article highlights the fundamental
contrast of whether culture evolves as a by-product of
cumulative change in cognitive mechanisms, or whether
it is actively selected for its advantages.

Culture makes humans unique. But if we ask most
scholars how to recognize culture, the answer is likely to
be a list of things that humans do and animals don’t. With
this circular logic in the background, it is unsurprising
that attempts to understand the evolution of culture become
polarized. At one extreme, a single magic ingredient — such
asspeech, syntax, symbol-use, causal belief, teaching, theory
of mind, or representational ability — appeared during
recent human evolution and enabled culture to begin [1,2].
At the other, by suitably redefining culture, it becomes
something shared with other species, such as great apes,
capuchin monkeys, cetaceans, rats, or even fish [3—9].
Although such debate is fascinating, arguments about
‘the critical ingredient’ are likely to inhibit interdisciplin-
ary analysis of any larger evolutionary pattern. Human
culture is reflected in an intricate ‘package’ of capabilities,
behaviours and artefacts. That package undoubtedly
differs from that of other species — so human evolution
was evidently affected by one or more unique adaptations.
Equally, the mind, society and culture of humans cannot
have arisen de novo. Understanding the behavioural and
cognitive precursors to the complete human cultural
package requires experimental study of social learning
and comparative phylogenetic analysis of living species, as
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well as evidence from extinct hominins (fossil animals
more closely related to modern humans than to living non-
human apes) and modern ethnography.

In the quarter century since the first serious claim of
‘culture’ in animals [10], lamentably little interdisciplin-
ary consensus has emerged. Debates have pivoted on the
championing by various scholars of their definition of
culture as the ‘true’ one, but this has thwarted progress
because they are seldom talking about quite the same
thing [8]. Even within anthropology, no single view of
culture has gained universal acceptance, and most dis-
courage evolutionary theorizing [11]. Here, we attempt to
tease apart six different ways in which culture has been
construed, to answer specific questions. These fall natu-
rally into pairs (see Figure 1): pattern of variation versus
psychological mechanism, adaptive value versus potential
inefficiency, and physical objects versus underlying mean-
ing. Each pair might at first appear diametrically opposed,
but these contrasts are better thought of as two sides of
the same coin.

Culture as pattern
Adaptive value need not be crucial in generating cultural
patterns. One can therefore take social learning as a
starting point and ask what kinds of shared behavioural
patterns arise simply because individuals learn from each
other. Studies of bird song [12] provide some direct
answers, including evidence of local dialects and regional
clines, measurable cultural mutation rates, and even
cultural boundaries promoted by geographic features [13].
Theorists have modelled the patterns of cultural traits
produced by social information transmission in the
absence of adaptive variation in traits. Importantly,
the transmission mechanism itself has little influence on
the pattern of traits, within or between populations [14].
Instead, the main variables of influence are the direction of
information transmission (between parents and offspring,
between successive generations, or among individuals of
the same generation), the stability of the environment, and
genetic constraints. Furthermore, individuals of social
species often show a conformity bias [15], and it is advan-
tageous for individuals to enforce local conformity by
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Rats in Jerusalem
pine forests survive
by virtue of socially
learned procedures
for getting seeds

from cones

West African
chimpanzees use
stones to crack
nuts, leaving nut
remains and
chipped anvils

Physical
product

Pattern

Social learning of
song types produces
‘dialect regions' in
the songs of some
passerine birds.

Meaning

At Mahale, adjacent
groups of
chimpanzees use
different styles of
handclasp — a mark
of group identity?

Mountain gorillas
learn complex
programs of
manual actions to
deal with difficult
plants

Inefficiency

If a fishing probe is
blunt, chimpanzees
may throw it away
and not re-sharpen
— an inefficient
cultural habit?
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Figure 1. Six views of culture. Schematic illustration, showing that each view can be seen, to some extent, as complementary to another view, forming three pairs. For each
axis, an illustrative example of animal behaviour is given that might, from the viewpoint in question, be considered as culture. Our examples are chosen to illustrate the
dimensions, and we are not concerned with whether or not they are ‘valid’ or ‘true’ cases of culture in animals. At present, many putative cases of culture cannot exclude
genetic and environmental factors, and doing so is no trivial task. Indeed, social transmission is unproven even for those chimpanzee habits frequently discussed as
cultural [29]. Our aim here is to jump ahead to the next step in the analysis of culture, and illustrate the way in which cultural patterns can be analysed to shed light on

cognitive evolution.

directing aggression at anyone who is different from
everyone else. This ‘xenophobia’ benefits most group
members, who learned their traits from each other and
so are unlikely to be targeted as outsiders [16]. Lachlan
and Slater showed that on an evolutionary time scale,
social learning is likely to persist once it has evolved even if
cultural traits later become adaptively neutral, an effect
they called the ‘cultural trap’ [17]. Their simulations show
that complex effects, including in-group/out-group biases
and xenophobia, can arise from relatively simple mech-
anisms. Culture can be exhibited by any animal with a
mind that allows social learning; conversely, finding cul-
tural variation is no guarantee of unusual cognitive capacity.

Culture as a sign of mind

Although cultural patterning can emerge from social
transmission alone, cognitive capabilities might deter-
mine the nature of the information transmitted. Debates
about the relationship between culture and cognition have
developed a rather black-and-white character, because
attention is inevitably drawn to the presumed apex of the
cultural pyramid — the human mind. The lack of local
behavioural variation in most animals is then taken to
reflect cognitive simplicity, and human cultures are attri-
buted to more sophisticated or higher fidelity mechanisms
[18]: imitation, creative ideation, theory of mind, teaching
dependent upon joint attention, or even deliberate instruc-
tion. Each such proposal is an empirical challenge to animal
researchers, leading to repeated testing of boundaries
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between animal and human cognition. But to advance our
understanding of how the minds of a wide range of species
deal with cultural knowledge we need to frame questions
in rather less absolute terms, and concentrate on the sub-
stantive content of the information involved and how that
relates to transmission mechanisms.

Most higher animals are able to differentiate categories.
Although the precise distinctions made by rats, dogs and
monkeys probably vary, human meaning systems might
only be making explicit a process that is universal among
higher mammals [19]. Table 1 provides a concrete illu-
stration of how semantic roles, precursors of those expressed
in language, are implicit in animal cognition. Further-
more, the contrasts encoded by a species might determine
its cultural content: fish learn socially to use particular
locations for particular behaviours [20], dolphins ‘see’ the
landscape using sonar thus allowing richer coding, and
human groups add symbolic meanings to locations. A simi-
lar gradient in the complexity of semantic content exists in
socially transmitted foraging methods: from simple food
choices, to the elaborate procedure of pine-cone processing
in black rats [21], to the repeated detachment of flakes
from a stone core by early hominins [22]. Differences in the
content of cultural information across species might reflect
a small number of distinguishable semantic roles [23].
Moreover, semantic systems could exhibit both graded
progression and discontinuities in different species. The
current focus on one-dimensional contrasts — presence vs.
absence, simple vs. complex, human vs. animal — carries
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Table 1. Case roles for chimpanzees
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Semantic role  Fillmore’s definition [23]

Linguistic example

Implicit counterpart for chimpanzees

Agent
Counter-agent

Instigator of an event
Force or resistance against which the action is
carried out

Object Entity that moves or changes or whose
position or existence is under consideration

Result Entity that comes into existence as a result of
the action

Instrument Inanimate stimulus or immediate physical
cause of an event

Dative Animate being affected by the action named

by the verb

Animate being having a given experience or
mental state

Location or spatial orientation of the state or
action named by the verb

Experiencer

Locative

John opens the door
John hit the desk

Mary is seven years old
Mary made a cake

The key unlocked the door
| gave my sweets to Mary
Daddy is cross

Toby sits by the fire

Chimpanzee, ‘Mike’, climbs a tree

A chimpanzee strikes a Strychnos fruit against
a stone to break it open

Chimpanzee, ‘Figan’, is now alpha male

Chimpanzee makes a fishing probe by
stripping leaves from a grass stem

Spherical stone, used as a hammer by a
chimpanzee to crack nuts

Female chimpanzee, ‘Flora’, is being groomed
by another chimp

Piloerection and waa barks show that
chimpanzee ‘Frodo’ is angry

A group of male chimpanzees goes to the
group’s periphery and looks for intruders

The above activities are everyday ones for chimpanzees, and in most cases for many other animal species. Nevertheless, they can only be understood in terms of the
relationship between the action itself and the animate and inanimate entities that stand in different semantic roles to the action. Therefore, to the extent that a chimpanzee can
understand these actions and their meaning, and not merely perform them, it must possess some way of coding the semantic relationship. In the past few years, a start has
been made into discovering how non-human primates encode the broadest categories, including physical properties of objects, everyday causality and mental states [47-49].
A very much more detailed analysis will be needed to understand the evolution of the categorizations that eventually led to human semantic meaning.

the risk of obscuring variation in semantic categories that
would more clearly illuminate cultural differences.

Culture as a bonus

Part of the excitement about culture in animals is based
on culture’s potential to allow access to information not
available otherwise. With useful, socially learnt traditions,
a local population can ‘punch above its weight’, and thus
gain a critical survival advantage. Elephants can learn of
the location of water sources merely by following their
elders. Without this social guidance they could not survive
in the Namib [24]; with it, individuals gain valuable
knowledge for nothing. If each generation adds something
to what they learnt, then ‘ratcheting’ of cultural knowl-
edge can occur — a sort of cultural ‘compound interest’ [18].
In Japanese macaques, the progressive changes over
decades in the techniques of sweet potato washing and
wheat sluicing strongly suggest a ratchet effect [25],
although the origin of the local tradition in this case was
the result of human influence [26].

Viewing culture as ‘knowledge scrounging’ has inter-
esting consequences. First, allowing such scrounging is
altruistic, and evolutionary theory predicts that compli-
ance should be limited by kin relatedness [27]. Individuals
benefit by allowing relatives to learn from them but
actively preventing non-kin from acquiring their knowl-
edge, unless reciprocation can be negotiated [15]. There-
fore, when social learning depends on demonstrator
co-operation, culture will seldom spread beyond genetical
lineage except under special conditions that allow group
selection to be evolutionarily stable [28]. Second, if a skill
is copied from others, its mechanism need not be under-
stood. Rich cultural traditions can therefore give a false
impression that agents understand what they are doing.

Often, discussion of human culture and the animal/
human divide is couched in terms of formidable advan-
tages that culture can bestow, by allowing rapid adaptation
to a changing environment. We should also remember that
these benefits are often selfishly limited to kin-based groups,
and that they ultimately reflect a way of circumventing
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cognitive limitations rather than a display of advanced
cognitive mechanisms or differentiated control of actions.

Culture as inefficiency

If social learning is needed to acquire a difficult skill,
individuals are likely to copy whatever behaviour is
demonstrated — even if it is not the most efficient means
of achieving a result. This might seem to be a ‘glass is half-
empty’ view — after all, inefficient methods are better than
none. But compare instrumental conditioning as a learn-
ing mechanism. Because solutions produced by trial-
and-error learning are the ‘survivors’ of much greater
variation, selected on the basis of efficient consequences,
acquisition of a difficult skill is a hill-climbing process that
tracks inexorably towards locally optimal solutions and
increased efficiency.

Researchers have therefore used inefficiency as diag-
nostic of cultural origin. Different chimpanzee populations
employ tool-use methods that vary in efficiency, and this
has been cited as strong evidence that these skills are
cultural [29]. To give a specific example, when ant-dipping,
Tai chimpanzees use a one-handed method that gathers
ants at a quarter of the rate of Gombe chimpanzees’ two-
handed method [30]. But can we be sure their behaviour is
really inefficient? At Bossou, it has now been discovered
that both one-handed and two-handed methods of ant-
dipping are used by the same individuals — but for
different kinds of ants [31]. Immediately, one can explain
the local variations in method by ecological differences in
ant species. This has been used to argue against ant-
dipping being cultural, anywhere [32], but dismissal is
premature: skills can be culturally learnt, even if local
variation is environmentally determined. Rather, the logic
of ‘inefficient’ equating with ‘cultural’ needs re-examining.

When new and valuable methods of getting food become
available for social learning they will be copied, however
imperfect the method. As knowledge spreads, however,
individuals will show slight variations of the model, and
variation provides grist to the mill of instrumental learn-
ing. Individuals with the best versions are more likely to be
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copied than those seen to do poorly (and they might also
gain greater fitness). Cultural spread provides the rough-
and-ready version, but selective copying will gradually
shape individuals’ actions towards the most efficient style.
Thus, highly stable cultural information will be hard to
detect, and culture will be more readily noticed where
change is rapid or efficiency has few consequences for
survival. The focus on local population variation has
resulted in even the most complex plant-eating skills of
apes — those of mountain gorillas — being overlooked as
potential animal culture [33]. Culturally transmitted
skills are unlikely to remain inefficient, generation after
generation: for long-established cultural traditions, opti-
mality is precisely what we should expect.

Culture as physical products
The earliest durable products of human culture, stone
tools, are not just convenient artefacts for museums to
label as ‘Oldowan culture’ or whatever it might be.
Because they endure long after the lifetime of the
knappers they form potential resources for those who
come after, opening up new opportunities for tool making
and tool use. These artefacts could be used both as a source
of stone for re-fashioning, and as a lasting mnemonic of the
best choice of material or knapping technique. As a result,
the world in which the species survives becomes a new,
more differentiated one. Ever since hominins began flak-
ing stone, at least 2.6 million years ago [34], niche con-
struction of this simple, unintentional kind has been
happening [35]. Forms produced accidentally when flaking
stone might later be achieved deliberately, leading to
increasingly specialized products [15], which can in turn
create a larger space of possible actions from which to
learn and select. Finally, culture itself can affect genetic
evolution [36,37]. For a mind capable of recognizing the
potential of accidental solutions and producing them at will,
observing their production provides real creative possibility.
Increasing complexity brings potential for cognitive
advance. Chimpanzee termite-fishing probes and human
digging sticks both consist of single elements used in food
procurement [38]; but whereas the probe is formed by a
simple process of stripping a stem, the preparation of the
digging stick requires a chain of actions including use of a
stone flake. Two superficially similar tool forms thus have
different underlying cognitive requirements, involving
at least two variables: the seriation of action elements,
and the objects with specific properties required in that
sequence. As requirements grow, more advanced mechan-
isms of acquisition gain competitive edge over simple
associative learning, and the result can be a relatively
domain-specific learning mechanism. It has recently been
noted that a variety of human cultural artefacts take
advantage of domain-specific cognitive adaptations [39]:
for example, masks and caricatures exploit pattern invari-
ants in human face recognition. The physical products of
hominin culture give us the best evidence of the evolu-
tionary origins of these invariants. Cultural traditions
that involve complex sequences of skilled action, such as
crafts or dance, are likely to be steered towards the pattern
invariants in this domain, involving movement contin-
gencies over time as well as space.
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Culture as meaning

Meaning is central to human culture and its very nature a
matter of extensive debate [40]. Human relationships are
governed by shared rules and values expressed in rituals,
language and other symbols [41]. To examine, in com-
parative perspective, how that expands the potential effects
of socially transmitted knowledge, we focus on the formation
of risk-sharing networks [42].

Long-distance networks, linking individuals into an
expanded support group that consequently has reduced
risk, might have emerged 60 000 years ago [43,44],
although only by 30-35 000 BP is there evidence that
cultural technology was sufficiently complex to forge
co-operation and competition between larger social groups.
In the modern era, a Kalahari !'Kung (Ju/hoansi) poisoned
arrow — already a formidable technological product —
takes on cultural meaning when given as a gift [45].
Exchange of arrows between non-biological ‘kin’ in villages
up to 200 km apart marks a relationship in one of the
mutual assistance networks that constitute risk-sharing
systems for the !Kung. Delayed exchange of arrows and
other gifts, such as ostrich eggshell beads, carries infor-
mation about mutual obligations: one person can visit the
other and seek help whenever there is need. In addition,
stylistic attributes of arrows indicate self-identity as
belonging to a dialect group with shared conventions,
values, rituals, and ability to classify one another as kin.

Compared with animal cultures, certain differences are
obvious. Agents that can represent abstract categories
such as obligation and risk, and coordinate information-
flow through a social landscape of large distances and long
timescales, are crucial to understanding !'Kung gift-
exchange networks. Obviously, then, the package of
human culture is unique — but when viewed in terms
of component variables, important common themes in
human and animal cultures are emphasized. As we have
seen, the tolerance required to build risk-sharing systems,
and the xenophobia associated with hierarchy and ethnic
boundaries — as suggested by local stylistic variation in
late Upper Palaeolithic projectile points and other arte-
facts [46] — might both have evolutionary origins in
patterns of culture that emerge inevitably from social
transmission. When augmented by cultural meaning,
human groups can also become fertile ground for the deve-
lopment of ethnic conflict and of acts of selfless humanity.

Any culture is a complex system, with emergent pro-
perties that cannot be described by adding up its com-
ponent elements, any more than a molecule can be
understood by reference only to its atoms. We look to
comparative studies, therefore, to go beyond debates about
whether ‘meaning’ or ‘culture’ is exclusively human or not.
We need to target the systems of interacting variables
underlying increasingly differentiated culture across
species, from fish, through apes, to humans (see Box 1
for other questions for future research).

Conclusions

So what can we hope for, in putting aside simple yes/no
questions about animal culture? Cultural ‘pattern’ can
emerge as a near-automatic product of social learning,
whereas transmission of richer information reveals a
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Box 1. Questions for future research

e Animal species vary both in the sophistication of their cognitive
mechanisms and in the content of information that is subject to
cultural spread. Are particular transmission mechanisms necessary
to propagate certain types of information content?

e We humans might be over-generous to ourselves in routinely
attributing our behavioural patterns to higher cognitive mechan-
isms. To what extent do patterns of human culture emerge auto-
matically as by-products of constraints on the rate, direction and
accuracy of information transmission?

e From theoretical considerations, when social learning depends
upon demonstrator cooperation it is expected that cultural spread
should be limited to kin. To what extent does this occur, and are other
individuals, thereby deprived of valuable cultural information, able
to overcome the restriction?

e We have predicted that inefficient methods of achieving valuable
ends should be unstable as cultural traits, tending to ‘creep’ towards
the most efficient style (unless that would require major behavioural
reorganization). This should be studied experimentally, by introduc-
ing more or less inefficient behavioural solutions into captive animal
groups and measuring their persistence and rate of change.

e In human society, interactions outside an individual’s regular
social group are often made predictable by knowledge of cultural
norms and rules. Is there evidence that other species attach meaning
to cultural traits, or treat unfamiliar conspecifics according to their
cultural habits?

distinctive ‘sign of mind’ in certain species. Culture can
overcome cognitive limitations, and the bonus may be
valuable enough to encourage limitation to close kin.
When transmission is rapid, cultural traits might tem-
porarily exhibit inefficiency, which will gradually become
optimal as a result of individual learning and natural
selection. The physical products of culture are a sign of
niche construction, a reservoir of knowledge with potential
to aid the ratchet of cumulative change; and investment of
meaning in physical objects transforms them into tokens
of societal obligation, changing the culture itself and thus
the environment of cultural learning. By construing
culture as three pairs of issues, our analysis reveals two
distinct opportunities for advancing our debate, guided in
both cases by classic evolutionary concerns with differen-
tiation and adaptiveness.

Differentiation

Human culture and its physical products are undeniably
far more differentiated behaviourally and cognitively than
those seen in apes, cetaceans or birds. However, only by
identifying which aspects of cognition vary across species
— unique semantic categorizations, in relation to particu-
lar adaptive niches — can we understand how the culture
of Homo sapiens attained its special form. We can sensibly
ask what sets of distinctions might underlie each species’
package of socially learned behaviour, including those
inferred from the archaeological record (see Table 1 for a
flavour of what this might look like).

Adaptiveness

Is culture the primary adaptation, or a by-product of
something else? In one scenario, challenges from the
environment of particular species selected directly for
culture-promoting cognitive traits, because culture paid
off in Darwinian terms. The slogan, ‘mind is a product of
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culture’, encapsulates this hypothesis, in which cognitive
advances such as theory of mind, syntactic structuring,
cause—effect reasoning, or co-operative action, are viewed
as favoured in evolution because of their cultural effects.
Conversely, each cognitive advance can be seen as an
adaptive response directly to environmental or social chal-
lenges — involving food procurement, predator defence,
collaborative hunting or cooperative breeding, competing
in Machiavellian ways to minimize the costs of group
living, and so on. Because these cognitive mechanisms
promote efficient social learning, there is an automatic
consequence: ‘culture as a by-product’. Culture’s effects
can be large for some species, but on this view they are
secondary results of adaptation to more utilitarian func-
tions. We would not necessarily expect one of these two
opposing hypotheses to apply to all species, and both might
affect the evolution of culture in a single species.

Acknowledgements

The Collegium Budapest, Hungary, afforded us all a refuge from our
normal academic commitments for three months while we argued out the
issues discussed in this article, as the focus group ‘Precursors to Culture’.
We thank all our friends there, staff and fellows, for their many acts of
kindness. V.M.J. was supported by a Royal Society University Research
Fellowship, and A.M. was supported by the Hungarian Academy of
Sciences (F01/031).

References
1 Henshilwood, C.S. and Marean, C.W. (2003) The origin of modern
human behavior. Curr. Anthropol. 44, 627—-651
Tomasello, M. et al. (1993) Cultural learning. Behav. Brain Sci. 16,
495-552
van Schaik, C.P. et al. (2003) Orangutan cultures and the evolution of
material multure. Science 299, 102—-105
4 Hohmann, G. and Fruth, B. (2003) Culture in bonobos? Between-
species and within-species variation in behavior. Curr. Anthropol. 44,
563-571
5 Perry, S. et al. (2003) Social conventions in wild white-faced capuchin
monkeys - evidence for traditions in a neotropical primate. Curr.
Anthropol. 44, 241-268
6 Rendell, L. and Whitehead, H. (2001) Culture in whales and dolphins.
Behav. Brain Sci. 24, 309—-382
7 Galef, B.G. (2003) ‘Traditional’ foraging behaviours of brown and
black rats (Rattus norwegicus and Rattus rattus). In The Biology of
Traditions: Models and Evidence (Fragaszy, D.M. and Perry, S., eds),
pp. 159-186, Cambridge University Press
8 Laland, K.N. and Hoppit, W. (2003) Do animals have culture? Evol.
Anthropol. 12, 150—159
9 Whiten, A. et al. (2001) Charting cultural variation in chimpanzees.
Behaviour 138, 1481-1516
10 McGrew, W.C. and Tutin, C.E.G. (1978) Evidence for a social custom
in wild chimpanzees? Man 13, 234-251
11 Kuper, A. (1999) Culture: The Anthropologist’s Account, Harvard
University Press
12 Catchpole, C.K. and Slater, P.J.B. (1995) Bird Song: Biological Themes
and Variations, Cambridge University Press
13 Janik, V.M. and Slater, P.J.B. (2003) Traditions in mammalian and
avian vocal communication. In The Biology of Traditions: Models and
Evidence (Fragaszy, D.M. and Perry, S., eds), pp. 213—235, Cambridge
University Press
14 Laland, K.N. et al. (1993) Animal social learning: toward a new
theoretical approach. Perspect. Ethol. 10, 249-277
15 Boyd, R. and Richerson, P. (1985) Culture and the Evolutionary
Process, Chicago University Press
16 Lachlan, R.F. et al. The evolution of conformity enforcing behaviour in
cultural communication systems. Anim. Behav. (in press)
17 Lachlan, R.F. and Slater, P.J.B. (1999) The maintenance of vocal
learning by gene-culture interaction: the cultural trap hypothesis.
Proc. R. Soc. Lond. B. Biol. Sci. 266, 701-706

\}

w


http://www.sciencedirect.com

346 TRENDS in Cognitive Sciences Vol.8 No.8 August 2004

18 Tomasello, M. (1999) Cultural Origins of Human Cognition, Harvard
University Press

19 Lenneberg, E.H. (1971) Language and cognition. In Semantics: An
Interdisciplinary Reader in Philosophy, Linguistics and Psychology
(Steinberg, D.D. and Jacobovits, L.A., eds), pp. 536—557, Cambridge
University Press

20 Helfman, G.S. and Schultz, E.T. (1984) Social transmission of
behavioural traditions in a coral reef fish. Anim. Behav. 32, 379-384

21 Terkel, J. (1994) Social transmission of pine cone feeding behaviour in
the black rat. In Behavioural Aspects of Feeding (Galef, B.G. et al.,
eds), pp. 229-256, Harwood Academic

22 Wynn, T.G. (2002) Archaeology and cognitive evolution. Behav. Brain
Sci. 25, 389437

23 Fillmore, C.J. (1968) The case for case. In Universals in Linguistic
Theory (Bach, E. and Harms, R.T., eds), pp. 1-88, Holt, Rinehart &
Winston

24 Viljoen, P.J. (1989) Spatial distribution and movements of elephants
(Loxodonta africana) in the northern Namib desert region of
Kaokoveld, South West Africa Namibia. /. Zool. 219, 1-19

25 McGrew, W.C. (2004) The Cultural Chimpanzee: Reflections on
Cultural Primatology, Cambridge University Press

26 Green, S. (1975) Dialects in Japanese monkeys: vocal learning and
cultural transmission of locale-specific vocal behaviour? Zeitschrift fur
Tierpschologie 38, 304—314

27 Hamilton, W.D. (1964) The genetical evolution of social behaviour:
I and II. J. Theor. Biol. 7, 1-52

28 Okasha, S. (2001) Why won’t the group selection controversy go away?
Behav. Brain Sci. 52, 25-50

29 Whiten, A. (2000) Primate culture and social learning. Cogn. Sci. 24,
477-508

30 Boesch, C. (2003) Is culture the golden barrier between human and
chimpanzee? Evol. Anthropol. 12, 82—91

31 Humle, T. and Matsuzawa, T. (2002) Ant dipping among the
chimpanzees of Bossou, Guinea, and some comparisons with other
sites. Am. J. Phys. Anthropol. 58, 133-148

32 Galef, B.G. (2003) Social learning: promoter or inhibitor of innovation?
In Animal Innovation (Reader, S.M. and Laland, K.N., eds),
pp. 137-152, Oxford University Press

33 Byrne, R.W. (2001) Clever hands: the food processing skills of
mountain gorillas. In Mountain Gorillas. Three Decades of Research
at Karisoke (Robbins, M.M. et al., eds), pp. 293-313, Cambridge
University Press

34 Semaw, S. (2000) The world’s oldest stone artefacts from Gona,
Ethiopia: their implications for understanding stone technology and
patterns of human evolution between 2.6-1.5 million years ago.
J. Archaeol. Sci. 27, 1197-1214

35 Odling-Smee, F.J. et al. (2003) Niche Construction. The Neglected
Process in Evolution, Princeton University Press

36 Laland, K.N. (2003) Gene—culture coevolution. In Encyclopaedia of
Cognitive Science (Vol. 2) (Nadel, L., ed.), pp. 268—274, Nature
Publishing Group

37 Lachlan, R.F. and Feldman, M.W. (2003) Evolution of cultural
communication systems: the coevolution of cultural signals and
genes encoding learning. J. Evol. Biol. 16, 1084—1095

38 McGrew, W.C. (1987) Tools to get food: the subsistants of the
Tasmanian aborigines and Tanzanian chimpanzees compared.
J. Anthropol. Res. 43, 247258

39 Sperber, D. and Hirschfeld, L.A. (2004) The cognitive foundations of
cultural stability and diversity. Trends Cogn. Sci. 8, 40—46

40 Moore, A.W. ed. (1993) Meaning and Reference, Oxford University
Press

41 North, O. (1990) Institutions, Institutional Change and Economic
Performance, Cambridge University Press

42 Wiessner, P. (1982) Risk, reciprocity and social influences on Kung San
economics. In Politics and History in Band Societies (Leacock, E. and
Lee, R., eds), pp. 61-84, Cambridge University Press

43 McBrearty, S. and Brooks, A. (2000) The revolution that wasn’t: a new
interpretation of the origin of modern behavior. J. Hum. Evol. 39,
453-563

44 Foley, R.A. and Lahr, M.M. (2003) On stony ground: lithic technology,
human evolution, and the emergence of culture. Evol. Anthropol. 12,
109-122

45 Wiessner, P. (1983) Style and social information in Kalahari San
projectile points. Am. Antiq. 48, 253—-276

46 Gamble, C. (1999) The Paleolithic Societies of Europe, Cambridge
University Press

47 Tomasello, M. et al. (2003) Chimpanzees understand psychological
states — the question is which ones and to what extent. Trends Cogn.
Sci. 7, 153-156

48 Santos, L.R. et al. (2003) Representing tools: how two non-human
primate species distinguish between the functionally relevant and
irrelevant features of a tool. Anim. Cogn. 6, 269—-281

49 Povinelli, D.J. (2000) Folk Physics for Apes: The Chimpanzee’s Theory
of How the World Works, Oxford University Press

Elsevier.com — Dynamic New Site Links Scientists to New Research & Thinking

Elsevier.com has had a makeover, inside and out. Designed for scientists’ information needs, the new site, launched in January, is
powered by the latest technology with customer-focused navigation and an intuitive architecture for an improved user experience and
greater productivity.

Elsevier.com’s easy-to-use navigational tools and structure connect scientists with vital information — all from one entry point. Users can
perform rapid and precise searches with our advanced search functionality, using the FAST technology of Scirus.com, the free science
search engine. For example, users can define their searches by any number of criteria to pinpoint information and resources. Search by a
specific author or editor, book publication date, subject area - life sciences, health sciences, physical sciences and social sciences — or by
product type. Elsevier’s portfolio includes more than 1800 Elsevier journals, 2200 new books per year, and a range of innovative
electronic products. In addition, tailored content for authors, editors and librarians provides up-to-the-minute news, updates on
functionality and new products, e-alerts and services, as well as relevant events.

Elsevier is proud to be a partner with the scientific and medical community. Find out more about who we are in the About section: our
mission and values and how we support the STM community worldwide through partnerships with libraries and other publishers, and
grant awards from The Elsevier Foundation.

As a world-leading publisher of scientific, technical and health information, Elsevier is dedicated to linking researchers and professionals

to the best thinking in their fields. We offer the widest and deepest coverage in a range of media types to enhance cross-pollination of
information, breakthroughs in research and discovery, and the sharing and preservation of knowledge. Visit us at Elsevier.com.

Elsevier. Building Insights. Breaking Boundaries.

www.sciencedirect.com


http://www.sciencedirect.com

	Understanding culture across species
	Culture as pattern
	Culture as a sign of mind
	Culture as a bonus
	Culture as inefficiency
	Culture as physical products
	Culture as meaning
	Conclusions
	Differentiation
	Adaptiveness

	Acknowledgements
	References


