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The conditions for tool use in primates:
implications for the evolution of material
culture

In order to identify the conditions that favored the flourishing of
primate tool use into hominid technology, we examine inter- and
intraspecific variation in manufacture and use of tools in extant
nonhuman primates, and develop a model to account for their
distribution. We focus on tools used in acquiring food, usually by
extraction. Any model for the evolution of the use of feeding tools
must explain why tool use is found in only a small subset of primate
species, why many of these species use tools much more readily in
captivity, why routine reliance on feeding tools is found in only two
species of ape, and why there is strong geographic variation within
these two species. Because ecological factors alone cannot explain the
distribution of tool use in the wild, we develop a model that focuses
on social and cognitive factors affecting the invention and transmis-
sion of tool-using skills. The model posits that tool use in the wild
depends on suitable ecological niches (especially extractive foraging)
and the manipulative skills that go with them, a measure of intelli-
gence that enables rapid acquisition of complex skills (through both
invention and, more importantly, observational learning), and social
tolerance in a gregarious setting (which facilitates both invention and
transmission). The manipulative skills component explains the distri-
bution across species of the use of feeding tools, intelligence explains
why in the wild only apes are known to make and use feeding tools
routinely, and social tolerance explains variation across populations of
chimpanzees and orang-utans. We conclude that strong mutual
tolerance was a key factor in the explosive increase in technology
among hominids, probably intricately tied to a lifestyle involving
food sharing and tool-based processing or the acquisition of large,
shareable food packages.
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Introduction

Material culture is one of the hallmarks of
the human species. The origins of our
material culture are often sought in Plio-
Pleistocene hominids who are known to
have used stone tools and probably also a
variety of nonstone tools. However, homi-
nids were probably not the first primates to
do so, as some extant primates also make
and use tools. In this paper we develop a
model to explain the variation in the manu-
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facture and use of tools among and within
nonhuman primate species. If the model
survives further testing it should inform
speculation on the causes of the flourishing
of primate tool use into the elaborate
material culture of hominids.

Nonhuman primates show at least six
functionally different modes of tool use
(sensu Beck, 1980). First, many arboreal
species dislodge branches, and terrestrial
species dislodge rocks from cliff faces, to
intimidate predators or rivals. Kortlandt &
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Kooij (1963) and Hall (1963) consider this
the basic tool use from which all other forms
have been derived. It involves no manufac-
ture and only crude manipulation, and is
virtually universal in primates large enough
to dislodge objects (see Table 1). The
second form, defensive tool use, involving
aimed clubbing and hitting of potential
predators, is an elaboration of intimidation
displays. It is quite rare even though the
context is not (chimpanzees: Kortlandt &
Kooij, 1963; capuchin monkeys: Boinski,
1988). Third, tools are made and used as
hunting weapons, but only by hominids
(Klein, 1989). Fourth, wild chimpanzees
incorporate tools into social displays meant
to attract rather than intimidate con-
specifics, e.g., the leaf clipping display
(McGrew, 1992). Although this may con-
tribute to fitness, the tool use is arbitrary and
derives its meaning from the universal use
within a population; signals not involving
tool use are expected to be equally effective.
Fifth, objects (often leaves) may be used to
clean body parts. This use has been
observed in most apes and two monkey
species (Tomasello & Call, 1997), but again
is rare. Sixth, wild chimpanzees and orang-
utans make and use tools to extract insects
or insect products or to smash nuts
(Goodall, 1986; McGrew, 1992; Boesch,
1996; van Schaik ez al., 1996; Fox et al.,
1998). Some nonhominoid primates also do
this occasionally in the wild, and more often
in captivity (Beck, 1980; Candland, 1987).

The search for conditions favoring the
origins of hominid technology is probably
best focused on feeding tools, for several
reasons. First, unlike some other forms of
tool use, the use of feeding tools can greatly
contribute to fitness in extant pre-
agricultural people (McGrew, 1992:131), as
in great apes (see below). Second, again
unlike some other forms, feeding tool use
shows strong phylogenetic continuity:
population-wide manufacture and use of
feeding tools is found only in hominids and
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great apes, i.e., the hominoid clade. Third,
many of the tools found in hominid sites are
thought to be involved in food processing
(Klein, 1989). Finally, feeding tools are
more likely to require modification than
other kinds of tools used by nonhuman
primates; most great ape tool users learn
to make feeding tools through some form
of social learning, comparable to those
involved in human material culture. Hence,
this paper focuses on feeding tools.

The distribution of tool use and manufacture
Explanation of the evolution of material
culture requires an overview of the manufac-
ture and use of tools among primates in the
wild and in captivity. Table 1 (second col-
umn) shows the taxonomic distribution of
documented feeding tool use in primates.
Many older reports, especially of digging
with tools recounted by Kortlandt & Koojj
(1963) and Beck (1980), are not included in
Table 1, for lack of sufficiently detailed
description and confirmation in spite of
extensive subsequent field studies. Nonethe-
less, cases of possibly anecdotal or idiosyn-
cratic (cf. McGrew & Marchant, 1997) tool
use have been included if reliable primary
reports were available, because they do
reflect the capacity of the species. For both
wild and captive information we must
address the problem of negative evidence.
Published field data now exist for over 150
nonhuman primate species (Nunn & van
Schaik, in press), and primates have been
studied intensively in zoos and institutions
around the world. Hence, we presume that
tool use, if it is routinely present in a species,
has been reported in the literature. We also
presume, therefore, that the distributional
information is reasonably complete.

In the wild, only a few species have been
observed to use feeding tools. There are
various reports for capuchin monkeys (Cebus
spp.). An adult male C. apella was observed
using a piece of oyster shell to pound on
other oysters (Fernandes, 1991), a subadult
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Table 1 The distribution of tool use among non-
human primate genera: object-throwing and use
of feeding tools

Feeding
tools*

Throwing

Genus objects

Otolemur
Galago
Galagoides
Nycticebus
Loris
Perodicticus
Cheirogaleus
Mirza
Microcebus
Lemur
Eulemur
Hapalemur
Varecia
Propithecus
Indri
Daubentonia
Tarsius
Callithrix
Cebuella
Saguinus
Leontopithecus
Callimico
Saimiri
Cebus

Aotus
Cellicebus
Cacajao
Pithecia
Chiropotes
Alouatta
Ateles
Brachyteles
Lagothrix
Macaca
Cercocebus
Papio
Mandprillus
Theropithecus
Cercopithecus
Erythrocebus
Colobus
Presbytis
Nasalis
Hylobates
Pongo
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Based on Beck (1980), Candland (1987), and
Tomasello & Call (1997), and various references men-
tioned in the text. Y=present; N=absent; *U=use of
tools in the wild; M=manufacture of tools in wild;
C=tool use in captivity.
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male C. capucinus was once seen to insert a
stick into a treehole, pull it out and put
it into his mouth (Chevalier-Skolnikoff,
1990), and a few young C. albifrons were
seen to use leaves to scoop up water from
tree holes (Philipps, 1998). There are
several observations of long-tailed and lion-
tailed macaques (Macaca fascicularis, M.
stlenus) rolling hairy caterpillars in leaves
until the stinging hairs are removed (Chiang,
1967; Hohmann, 1988). A male baboon
(Papio anubis) was once seen using a twig to
extract small stone fragments from a sticky
soil matrix (Oyen, 1979). Beck (1980)
reports on several observations of baboons
(especially P. ursinus) using stones to pound
on scorpions, etc.

Two features stand out in the feeding-tool
use of wild monkeys. First, none of this tool
use is habitual or customary [in McGrew &
Marchant’s (1997) classification] in the
populations concerned (i.e., shown by many
different individuals, regularly or predict-
ably). Second, none of it involves manufac-
ture: animals use objects as they find them.
Thus, only chimpanzees and orang-utans
are known to manufacture and use feeding
tools on a regular, population-wide basis, in
at least some wild populations.

Table 1 shows that in captivity feeding-
tool use is more widespread. The published
reports show remarkable overlap and clus-
tering into a few taxa, the non-folivorous
catarrhines and capuchins, for both feed-
ing tools and other tools (Beck, 1980;
Candland, 1987; Tomasello & Call, 1997).
The capacity for tool use (but not necess-
arily actual tool use in the wild) therefore
probably evolved three times: in capuchins,
cercopithecines, and apes.

For the two ape species with documented
manufacture and use of feeding tools in the
wild, there is appreciable geographic vari-
ation in the overall frequency of the use of
feeding tools, in the size of the tool kit used
by the animals, and in the specific tasks for
which these tools are used (Sugiyama, 1993;
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Table 2 Functionally different food-related tools used (mostly habitually,
sensu McGrew & Marchandt, 1997) in different chimpanzee populations with
long-term studies of well-habituated animals

Tool types Gombe

Mahale Kibale Tai Bossou

Leaf sponge
Termite fish
Ant dip
Honey dip
Nut hammer
Ant fish

Bee probe
Marrow pick
Pestle pound
Gum gouge
Algae scoop
Hook stick
No. of feeding-tool types 4

X X X X

~N X X X X

Based on McGrew (1994), Boesch & Tomasello (1998) and Sugiyama (1993,

1997).

McGrew, 1994; Boesch & Tomasello,
1998). Table 2 furnishes a preliminary sum-
mary of geographic variation in chimpanzee
feeding-tool use. Although systematic and
quantitative comparisons are still to be
undertaken and researchers have differen-
tially emphasized the documentation of dif-
ferent tool types, the comparison is limited
to only the best-studied sites with well-
habituated populations and contains pre-
dominantly tool types that are used habitu-
ally or customarily. Among orang-utans,
feeding tools are so far known only from a
limited region in South Aceh, Sumatra,
despite extensive studies elsewhere (van
Schaik ez al., 1996).

Any successful model for the evolution of
the use of feeding tools should explain these
four patterns: (1) why tool use beyond
object-throwing can be observed in only a
few primate clades; (2) why routine reliance
on feeding tools and manufacture of tools in
the wild is found in only two species of ape;
(3) why there is strong geographic variation
within the two species regularly using feed-
ing tools; and (4) why tools are more readily
used in captivity. The aim of this paper is to
develop a model that can account for these

patterns and thus can form the basis for an
extrapolation toward the conditions that
gave rise to the extraordinary elaboration of
tool use in the hominid lineage.

A model for the evolution of feeding-tool use
Suitable environmental conditions are necessary
but not sufficient. Parker & Gibson (1977)
proposed that flexible (“‘intelligent’) tool
use was expected in species ‘“‘with extractive
foraging on seasonally limited embedded
foods and an omnivorous diet.” Although
this hypothesis may seem plausible, extrac-
tive foraging alone cannot account for the
whole pattern of tool use: many extractive
foragers that are quite capable of tool use
and even some tool manufacture in captiv-
ity, for example, capuchins (Westergaard &
Fragaszy, 1987), show virtually no sustained
tool use in the wild.

More subtle effects of ecological condi-
tions can likewise be discounted as a general
explanation for the distribution of tool use.
While some of the intraspecific variation in
the incidence of feeding tool use in chim-
panzees (Table 2) and orang-utans can be
ascribed to variation in environmental con-
ditions (e.g., McGrew et al., 1979), much of
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it cannot. For chimpanzees, Boesch er al.
(1994) and McGrew et al. (1997) compared
different sites with and without nut-
cracking. They could not find any obvious
ecological differences among the sites in
terms of abundance of nut trees or
suitable hammers and anvils. The nuts
are so nutritious that optimal foraging
explanations invoking the presence of
more profitable alternative foods are
implausible. Hence, only geographic bar-
riers explained the distribution, and both
studies therefore concluded that the
variation was cultural.

Orang-utan data similarly contradict a
purely ecological hypothesis. Neesia seeds
are embedded in irritant hairs that pierce the
skin after the fruits have cracked open. At
Suaq Balimbing on Sumatra, adult males eat
the seeds before the fruit ripens and dehisces
by using brute force to open the fruits and
thus obtain the seeds. After the fruits open,
all age-sex classes use tools to extract the
seeds, and thus circumvent the hairs,
although adult males occasionally continue
to break the woody valves off the fruit. In
contrast, in Gunung Palung on the island of
Borneo, adult males are the predominant
Neesia eaters, most of their feeding is on
undehisced fruits that are opened with force,
and all feeding is without tools. This strong
contrast could be ascribed to the fact that
other food species in Gunung Palung are
more profitable to the local orang-utans.
However, these seeds are very nutritious
(46% lipids by dry weight) and may provide
up to 45 Kcals per day to adult males before
they dehisce (C. Knott, personal communi-
cation). At Suaq Balimbing, Neesia is the
predominant fruit species for adult females
and subadult males during several months.
An unusual sequence of closely spaced
Neesia crops is probably responsible for a
birth peak in the population (van Schaik,
unpublished data). Hence, it is implausible
to argue that the ability to extract Neesia
seeds is not energetically important for the
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Gunung Palung orang-utans (Knott & van
Schaik, in prep.).

Both the chimpanzee and orang-utan data
indicate that the absence of tool use in a
given population reflects the absence of
knowledge within that population, rather
than the absence of suitable ecological
opportunities. Thus, we must also focus on
the process through which the tool-using
skill is acquired. Ecological explanations
implicitly assume that these skills develop
through maturation (cf. instinct) or are
invented independently through some form
of learning. However, acquisition through
simple maturation is unlikely because at
least some of the skills are highly complex
(Boesch, 1993) and the contexts are varied.
Acquisition through independent discovery
of tool-using skills is unlikely for the same
reasons and because of the uniformity
within populations relative to the variability
between populations (Boesch, 1996). The
patterns therefore suggest that social
learning is the predominant mode of skill
acquisition in most individual apes in the
wild.

A socioecological model for tool use. A complete
model of the evolution of tool-using skills in
primates should therefore contain the fol-
lowing elements: (1) ecological opportuni-
ties for feeding tool use; (2) sufficiently
precise motor control for effective handling
of objects; (3) the appropriate mental capa-
bilities to invent or rapidly acquire, through
social learning, appropriate tool-handling
skills; and (4) social conditions that are
appropriate for the social transmission of
skills. We hypothesize that an increasing
number of these essential elements is repre-
sented in ever narrowing subsets of species
(Figure 1). Thus, we expect that a subset of
extractive foragers will have the manipula-
tive abilities needed to develop tool use, and
that a subset of those dexterous species will
have the required cognitive abilities and
experience the right social conditions to
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many primates extractive foraging extraction
dexterous manipulation i .
cebus, apes, tool using
cercopithecines (captivity)
intelligence
(insight, imitation)
great apes tool making + incid.

some chimps,
some orang-utans

'

humans

tolerant
gregariousness

teaching +
exchange ?

tool use (wild)

.

population-wide
tool use in wild
(material culture)

'

cumulative
culture

Figure 1. The nested set of conditions hypothesized to favor feeding-tool use, from ecological opportu-
nities and manipulative abilities as preconditions to cognitive factors and social conditions favoring the
invention and transmission of tool-using skills in captive or wild populations. On the left side, a summary
is given of the taxa meeting the ever-narrowing requirements, on the right side the phenomena shown by

the taxa mentioned on the left.

actually invent or learn tool use and tool
making in the wild.

The general precondition for all use of
feeding tools is a foraging niche that involves
extraction (Parker & Gibson, 1977). Most
foods eaten by primates are freely accessible,
and can be picked with the hands or taken
directly with the mouth. However, some
food is encased in a matrix from which it
needs to be extracted, e.g., insects in tree
holes, nutmeat from a hard shell or corms
from underground. There are three reasons
to expect a strong interspecific association
between extractive foraging, complex
manipulative abilities, and feeding-tool use.
First, almost all feeding tools in primates are
used in an extractive foraging context.
Second, almost inevitably, extractive forag-
ing requires some level of manipulative skill.
Where animals engage in a variety of distinct

extractive tasks, flexible behavior is needed
rather than specialized anatomical struc-
tures. Hence, flexible extractive foragers are
most likely to be capable of manipulations
that require fine neuromotor control. Third,
more dexterous species are more likely than
less dexterous ones to discover tool use as a
fortuitous effect of their greater diversity and
effectiveness of manipulations, especially if
the manipulations involve actions placing an
object in relation to a substrate (Menzel,
1966; Fragaszy & Adams-Curtis, 1991).
The fact that the invention of tool use
by individuals is often accompanied by
exploratory or playful actions (Fragaszy &
Visalberghi, 1989) supports this idea.

Our model incorporates invention and
transmission as factors limiting the inci-
dence of feeding-tool use in gregarious pri-
mates that forage extractively. Specifically,
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CONDITIONS FOR TOOL USE IN
DEXTEROUS EXTRACTIVE FORAGERS

invention

transmission

S TN

learning imitation, tolerance gregariousness
through emulation
insight

intelligence social organization

Figure 2. The social and cognitive factors hypothesized to favor the invention and social transmission of
feeding-tool use in species physically capable of tool use.

we propose that at any given level of cogni-
tion, the probability that an individual
invents a new behavior, is a function of the
frequency with which the potential for
expression occurs. Likewise, at any given
level of cognition, the probability that a
naive animal will acquire a skill through
social transmission is a function of the fre-
quency of opportunities for transmission.
This in turn depends on how often the
expression of the skill takes place in a context
enabling transmission. Thus, two indepen-
dent sets of factors are involved: the socio-
ecological conditions in which invention or
transmission are taking place, and the cogni-
tive mechanisms underlying the invention or
transmission process (Figure 2).

Consider invention first. Invention is
rarely witnessed, so we know very little
about the conditions favoring it (Kummer &
Goodall, 1985), although one expects that
in most cases, an operant behavior and a
suitable target object or constellation of

objects must be present simultaneously.
Socioecological context and cognition
should also affect the rate of invention. With
respect to socioecology, the subject’s moti-
vation to explore should not be hindered by
social or ecological constraints. Factors
enhancing the freedom to explore are
reduced vulnerability to predation, and flex-
ible spatial organization of individuals so
that animals often feed alone, or, alterna-
tively, high social tolerance. With respect to
cognition, intelligent species could make the
connection between an action upon an
object and the desired outcome without
stumbling upon the proper action through
operant behavior alone, i.e., intelligent
species can learn by insight (e.g., Byrne,
1995). Because the conditions favoring
invention are a subset of those favoring
social transmision of complex skills (see Fig-
ure 2), we focus on the more easily studied
aspect of transmission, which is critical for
maintenance of tool use in a population.
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A new skill, once invented, is maintained
in a population only if it spreads beyond the
inventor. Obviously, most social transmis-
sion in primates is vertical, i.e., from mother
to offspring. However, unless one is willing
to assume that a new skill, say a form of tool
use, becomes established in a population
because the matriline of the inventor out-
reproduces all other matrilines and elimi-
nates them from the population, horizontal
transmission is critical for the establishment
of a population-wide technique. Thus, the
conditions favoring horizontal transmission
must be considered. The probability that a
naive animal will socially acquire a skill
should be a function of the frequency of
opportunities to be present at close quarters
when models show skilled tool use and of
the efficiency with which this animal can
learn from these exposures (cf. Westergaard
& Fragaszy, 1987).

Social learning obviously requires a cer-
tain degree of gregariousness, which makes
it unlikely in solitary or semi-solitary animals
that meet infrequently (Figure 2). It also
requires close proximity in a feeding con-
text. This is not a trivial condition since
most primates spread out during foraging
for insects and other dispersed food, the
context for most extractive tool use (e.g.,
van Schaik & van Noordwijk, 1986), and
aggression toward subordinates is likely if
they come too close to dominants. It has
been shown experimentally that animals
under risk of attack by conspecifics do not
learn well (Fragaszy & Visalberghi, 1990;
cf. Inoue-Nakamura & Matsuzawa, 1997).
Hence, social tolerance in a potentially com-
petitive foraging context is likely to strongly
facilitate social learning (Coussi-Korbel &
Fragaszy, 1995). It should do so in at least
three ways: (1) it enhances behavioral co-
ordination, and thus may bring animals in
close proximity during foraging, making
close-range observations possible; (2) it
reduces anxiety levels, making it easier for
animals to attend to the foraging tasks
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(rather than to the risk of attack); and (3) it
reduces the risk of losing food to scroungers
(cf. Fragaszy & Visalberghi, 1990). Toler-
ance is expected in a society when its mem-
bers, despite competing among themselves,
are in some way mutually dependent, for
example, because they must defend against
a common enemy [predators, neighboring
groups, or bullying males (van Schaik, 1989;
Brereton, 1995)]. (This principle could be
extended to the risk of predation, where
animals may be able to attend to actions by
others more often or for longer where the
need for vigilance is reduced.)

Social learning could be accomplished
after fewer exposures if the learners are
intelligent (Figure 2). Intelligent animals
often learn by emulation or imitation
(Byrne, 1995), methods which require few
exposures. Other animals learn less effi-
ciently through stimulus or local enhance-
ment, in which the naive animal is attracted
to the situation in which stimulus and the
tool co-occur and then acquires the skill by
trial and error (Galef, 1990; Byrne, 1995).

An intelligent animal in a tolerant society
would require the fewest exposures to learn
a new skill. Natural selection should favor
intelligence and social tolerance whenever
the ability to use tools is adaptive. However,
we do not know how much these two
variables had to have changed from their
original state before they produced fitness
benefits through tool use. Hence, it is more
parsimonious to argue that intelligence and
social tolerance are more likely to act as
preconditions in whose presence there
is a highly increased probability that an
extractive forager will learn to use feeding
tools.

Predictions
We can now derive the following testable
predictions from the model.
(1) Extractive foraging: species showing
dexterous manipulation should be a
subset of extractive foraging species.
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(2) Manual dexteriry: all species in which
feeding-tool use has been observed, be
it in the wild or in captivity, should
show dexterous foraging skills in the
wild (cf. Parker, 1974; Torigoe,
1985).

Intelligence: intelligent species, defined
here as those which can learn through
insight and emulation or imitation,
require fewer exposures to acquire
tool-using skills, be it through inven-
tion or through social learning. Hence,
we predict that intelligent species (a)
are the only ones to show population-
wide tool use in the wild, and (b) to
manufacture tools in the wild. We also
predict that (c) only some captive set-
tings will provide enough opportuni-
ties for invention or exposure to skilled
users to allow the acquisition of
tool use in species lacking insight or
observational learning capabilities.
Social tolerance: social tolerance should
be correlated with exploratory behav-
ior, and thus invention and (when ani-
mals are gregarious) transmission of
tool use. In particular, the intraspecific
variation among great ape populations
in the size of the tool kit should corre-
late with variation in social tolerance
or in gregariousness.

Although some of the predictions under
(3) were known to hold approximately
before the study, they are examined in more
detail here. All of them will either be tested
by comparative methods or evaluated by
reviewing existing studies.

(3)

(4)

Methods

Measures

Extractive foraging. In order to assess species
for extractive foraging we examined numer-
ous publications detailing primate feeding
techniques (see below). Our preliminary
work, however, showed that virtually every
well-studied species engages at least occa-
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sionally in extractive foraging (cf. King,
1986). In order to test our prediction, there-
fore, we needed more quantitative measures
of extractive foraging, including the fre-
quency, complexity and diversity of extrac-
tive foraging tasks. Unfortunately, such
information cannot be gleaned from pub-
lished foraging accounts, so we could not
test the extractive foraging prediction.

Manipulative abilities. To test the predictions
involving manipulative ability, we used three
measures: manipulation pattern diversity,
object-substrate combination, and bimanual
asymmetric coordination (BAC).

Torigoe (1985) presented a knotted rope
and wooden cube to 74 species of captive
primates, and recorded for each species (1)
the diversity of manipulation patterns (e.g.,
rubbing, rolling or rotating the rope), and
(2) the diversity of object—substrate combi-
nations (e.g., rubbing a rope toy on a wire
mesh wall, pushing the toy into the
wall). Torigoe called these primary and sec-
ondary manipulation patterns, respectively.
Torigoe’s study was a replication and exten-
sion of a smaller earlier study by Parker
(1974), which is not used here. The two
data sets are in general agreement (Parker’s
action types and Torigoe’s primary manipu-
lations are correlated with Pearson’s
r=+0-72, n=8, P<0-05, two-tailed).

We define bimanual asymmetric coordi-
nation (BAC) as using the hands to perform
different but complementary actions on a
detached object, e.g., grasping a fruit with
one hand and peeling it with the other. BAC
indicates manipulative skill because it
involves the independent but complemen-
tary execution of motor programs (cf.
Goldfield & Michel, 1986; Byrne & Byrne,
1993; Fagard & Pezé, 1997). We collected
data on BAC by reviewing published pri-
mate field studies which described foraging
techniques because preliminary work sug-
gested that BAC in non-foraging contexts is
either extremely rare or is not mentioned in
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the literature. We scored a species as engag-
ing in BAC if an account clearly indicated
that an individual used two hands simul-
taneously and asymmetrically in procuring a
detached food. Ambiguous accounts were
discarded, as were accounts of BAC during
tool use (e.g., McGrew, 1974), in order to
guarantee independence of the subsequent
tests. Most commonly, BAC involved an
animal holding a partially processed food
with one hand, e.g., a handful of herbs still
retaining thorns, and picking at it with the
other. Actions such as bimanual digging and
food rubbing were not counted unless it was
clear that the two hands were used in differ-
ent roles (see Table 3, first column). We
attempted to be comprehensive in reviewing
the published information on primate feed-
ing techniques: (1) we systematically exam-
ined four primate journals (Primates, Folia
Primatologica, International Journal of Prima-
tology, and the American Fournal of Primatol-
ogy), carefully reading every English article
which seemed even remotely likely to men-
tion feeding techniques; (2) we reviewed
several monographs and edited volumes
which seemed likely to detail feeding
techniques; (3) we examined additional
resources as we became aware of their rel-
evance; and (4) we included our personal
observations where relevant. Negative evi-
dence is problematic in the absence of
reports explicitly stating that BAC does not
occur. We therefore excluded taxa which
have been poorly studied in the wild. This
was quantified by searching the Biological
Abstracts database between 1986 and 1997,
entering the words ‘ecology” for each
taxon. Only those taxa for which more
than ten records were available were scored
negatively.

Measures of social tolerance. Two classes of
measures of tolerance can be used. Direct
measures are social: (1) relaxed proximity
and grooming, accompanied by low mutual
aggression and a high conciliatory tendency
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(e.g., Aureli ez al., 1997); and (2) the degree
to which aggressive actions within a dyad
can go in both directions (Thierry, 1985).
Other measures stress the nature of feeding
competition: (1) frequency of food sharing;
and (2) habitat productivity. Both will be
used in the tests as needed and available.

Analyses

For many of the predictions it would be
virtually impossible to conduct statistical
tests at the species level since there is little
overlap among the measures in terms of
species availability. We overcame this prob-
lem by pooling information at the level of
the genus. Torigoe (1985; Figures 1, 6)
presents information for species groups, i.e.,
species of the same genus or of closely
related genera. We incorporated this infor-
mation by assigning to each genus repre-
sented in the species group the overall score
of the species group, although in statistical
analyses the original sample size was
retained. Pooling information from lower
order taxa is obviously not ideal; however,
the possible heterogeneity among species
within genera should make our tests more
conservative.

Because of the low resolution of the data
(BAC being discrete and Torigoe’s data
referring to species groups), we combined
our three manipulation measures, which are
highly intercorrelated (see Table 3), into an
overall classification of high or low on
manipulation abilities. A genus was scored
as high if it was on or above the median for
object—substrate combination or manipula-
tion pattern diversity (the two measures pro-
duce identical classifications), or if it was
scored as engaging in BAC (see Table 3).
The only conflict between Torigoe’s (1985)
measures and BAC concerned Cercopithecus.
Since the BAC evaluation is based upon a
literature search rather than direct measure-
ment, it is more likely to be in error. Hence,
we classified Cercopithecus as being highly
manipulative.
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Table 3 Bimanual asymmetric coordination (the number of literature references for ecology, number
found providing BAC, and source), and manipulation repertoire (mean number of primary and
secondary manipulations from Torigoe, 1985) for primate genera. See text for criteria to decide on high

or low manipulation skills

Genus Refs BAC Primary Secondary Evaluation Source
Daubentonia 10 1 High 1
Hapalemur 3

Eulemur 8 15-45 0-33 Low

Lemur 7 15-45 0-33 Low

Indri 1

Propithecus 5

Varecia 3 15-45 0-33 Low

Tarsius 1

Cebuella 2

Callimico 1

Callithrix 13 0 9:51 0 Low

Saguinus 30 0 9:51 0 Low

Leontopithecus 9

Callicebus 7

Aotus 6

Chiropotes 2

Pithecia 4

Saimiri 11 0 Low

Cebus 21 2 58-94 3-75 High 2
Alouatta 18 0 Low

Lagothrix 2 67 0 Low

Brachyzteles 4

Ateles 14 0 67 Low

Cercopithecus 41 0 33-25 19 High?

Erythrocebus 3 1 High 3
Cercocebus 6 1 33-33 2-16 High 4
Mandrillus 5 326 1 High

Theropithecus 4 32:6 1 High

Papio 39 2 326 1 High 5
Macaca 65 2 54-63 3-36 High 6
Colobus 26 0 15-12 0 Low
Presbytis/Trach. 31 0 15-12 0 Low

Nasalis 6 15-12 0 Low

Hpylobates 13 0 31-71 0 Low

Pongo 10 1 68-54 7 High 7
Pan 211 2 68-54 7 High 8
Gorilla 32 3 68-54 7 High 9

1: Iwano & Iwakawa, 1988; 2: Izawa & Mizuno, 1977; Tomblin & Cranford, 1994; 3: Hall ez al., 1965; 4: Horn,
1987; 5: Rhine & Westlund, 1978; Hamilton & Tilson, 1985; 6: Kawai, 1965; Clark, 1979; 7: van Schaik, personal
observation; 8: Bermejo et al., 1994; Uehara, 1990; 9: Casimir, 1975; Goodall, 1977; Byrne & Byrne, 1993.

The patterns were analyzed using stan-
dard statistical tests. However, similarity in
values among related genera may merely
reflect common ancestry, and thus genera
may not be statistically independent
(Harvey & Pagel, 1991). For some of the
analyses, we can couch the hypotheses in

terms of correlated trait evolution. We
tested the evolutionary correlation between
discrete traits using Maddison’s (1990) con-
centrated changes test, which evaluates the
probability that observed evolutionary gains
and losses in tool use are concentrated on
those branches of the phylogeny with high
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manipulation skills, given the total number
of reconstructed changes in tool use in the
clade examined.

Results

Dexterous manipulation and tool use

Since extractive foraging in nature could not
be quantified for this study, we could not
test the first prediction. The second predic-
tion suggests that all known tool users
(Table 1) are also dexterous manipulators
(Table 3); or more conservatively that the
two are strongly associated. The association
is indeed quite strong (X2[1]=11-69,
P<0-001). While only 8% of the low-
dexterity genera use tools in the wild or
in captivity (exception: gibbons), 83% of
the high-dexterity genera do (exceptions:
geladas and aye-ayes) (see also Figure 3).
Gibbons (Hylobates spp.) are not highly dex-
terous, scoring just under the median in
Torigoe’s tests; their tool use is very simple
in captivity (see Beck, 1980) and absent in
nature. Aye-ayes (Daubentonia) are highly
dexterous but do not use tools; their highly
specialized anatomical foraging adaptations
may obviate the need to use tools. We can
offer no explanation for the absence of tool
use in geladas (Theropithecus). [Tool use is
also predicted well by the three separate
measures for dexterity. Separate Mann—
Whitney U-tests show significantly larger
repertoires of primary and secondary
manipulations (Torigoe, 1985) for tool
users than non-tool users, whereas there is
also significant association between tool use
and BAC.]

The association between dexterity and
tool use is not simply due to phylogenetic
inertia. Figure 3 shows the reconstructed
evolution of high manipulation skills. It sug-
gests four origins: in the aye-aye, in capu-
chins, in cercopithecines and in great apes.
At the tips of the branches in Figure 3, we
also map the distribution of tool use. The
Maddison test shows that the probability of
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the origins of tool use being independent
of dexterous foraging skills is vanishingly
small (P<0-001). The association remains
significant if we use slightly different assign-
ments (changing the dexterity score for
Cercopithecus; cf. Table 3), or slightly
different reconstructions of the gains and
losses in tool use. Thus, this analysis con-
firms the direct test of association conducted
above.

Intelligence and rool use: great apes vs.
monkeys

So far, despite all attempts to prove other-
wise, only great apes are known to show
understanding of the physical relation
between tools and other objects in the
environment in their tool use (Limongelli
et al., 1995; Visalberghi ez al., 1995; cf. Fox
et al., 1999). There is also evidence that apes
imitate (Russon, 1997; Whiten, 1998) and
extensive evidence that they emulate (e.g.,
Tomasello & Call, 1997). Tomasello &
Call’s (1997) recent compilation of all
studies of social learning in primates indi-
cates that the cognitively more complex
imitation or emulation mechanisms for
social learning are almost exclusively shown
by great apes: 46% of 35 experiments with
the four great ape species yielded evidence
for emulation or imitation, whereas only
3% of 29 studies showed these processes
to operate in non-apes. The others
demonstrated trial and error or stimulus
enhancement.

Byrne (1995) and Russon & Bard (1996)
suggested that the great apes have acquired
general intelligence to deal with new and
unexpected problems, as opposed to the
domain-specific cognitive skills displayed by
monkeys, expressed in a variety of unusual
cognitive skills (e.g., self recognition,
pretend play, comprehension and some
production of language, insight, tactical
deception, mental state attribution, etc.).
Although Tomasello & Call (1997) did
not accept this dichotomy, they did note
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Figure 3. Reconstruction of the phylogenetic changes in complex manipulation, or dexterity, in primates
(based on Table 3; phylogeny based on Purvis, 1995). Also mapped onto the tips of the phylogeny is the
use of feeding tools (taken from Table 1).

(p. 376) that apes are quicker and more This major difference in learning abilities
flexible learners. For our purposes, this between apes and monkeys may explain
amounts to a similar difference. various patterns in primate tool use. First,
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extensive tool use in the wild is known only
among great ape species. Social learning of
tool use is more easily achieved when ani-
mals use imitation or emulation rather than
local enhancement or stimulus enhance-
ment, the processes known to be used by
monkeys (Byrne, 1995; Russon, 1997).
Tool use spreads remarkably slowly in
groups of monkeys (Beck, 1980; Petit &
Thierry, 1993; Zuberbiihler ez al., 1996).
Moreover, in none of the cases of feeding-
tool wuse described for wild monkeys
was there any evidence that the tool use
had spread throughout the population
(Oyen, 1979; Hohmann, 1988; Chevalier-
Skolnikoff, 1990; Fernandes, 1991; Phillips,
1998; see also Sinha, 1997).

Second, tool making is expected to be
more common in great apes than in mon-
keys because mental representation of the
task should make tool manufacture far
easier. Learning to use an existing object to
acquire food may be relatively straightfor-
ward to achieve through positive reinforce-
ment of some operant behavior. However,
modifying an object to reach a certain goal
may require hierarchical planning and a
representation of the goal. All great apes
make tools in captivity, and two species
(chimpanzees and orang-utans) do so in the
wild, whereas there is only limited evidence
for monkeys making feeding tools in cap-
tivity (reviewed in Tomasello & Call, 1997)
and one report of tool manufacture in the
wild (Sinha, 1997). Thus, support for this
prediction is rather weak.

Third, intelligence may indirectly explain
the phenomenon that many species without
(reported) sustained tool use in the wild can
acquire these skills in suitable captive
settings. The model suggests that species
lacking great ape like intelligence need
numerous exposures to learn the required
skills through trial and error (cf. Box &
Fragaszy, 1986). Most situations requiring
tool use in the wild are uncommon and
intermittent in time (e.g., seasonal), and
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animals tend to be spread out most of the
time during foraging. By contrast, the expo-
sure to potential tool-use situations in cap-
tivity is continuous, as is (enforced) close
proximity to any models that exist. More-
over, captive animals face neither foraging
pressures nor predators, and should there-
fore be more predisposed toward play
and exploration, facilitating invention and
transmission. Accordingly, Menzel (1966)
showed that captive Japanese monkeys were
more inclined to manipulate offered objects
than their wild counterparts. Likewise,
Fragaszy & Adams-Curtis (1991) showed
that captive capuchins had more diverse
object handling techniques.

Tolerance and tool use

The hypothesis predicts that when afforded
greater social tolerance, animals are better
able to concentrate their attention on explo-
ration without interference or aggression,
and thus are more likely to invent or learn
tool-using skills. There are three main
sources of support for this hypothesis. First,
tolerant species spend more time manipulat-
ing novel objects in captivity. Macaques
vary widely in tolerance (Thierry, 1985;
Preuschoft, 1995; Aureli ez al., 1997). Com-
bining data from Thierry (1985) with
Thierry er al. (1994), the three Macaca
species in the sample show a perfect positive
rank correlation between tolerance and
time spent manipulating novel objects. In
addition, the most manipulative macaque,
M. silenus, is also socially highly tolerant
(Preuschoft 1995).

Second, experiments to induce feeding
tool manufacture in monkeys have suc-
ceeded primarily in tolerant species (see
Tomasello & Call, 1997, Figure 3.5): Cebus
apella, Macaca tonkeana and M. silenus (tol-
erance data from de Waal, 1997). One
other case of experimentally induced
tool manufacture is for a non-tolerant
species (M. fuscara: Tokida et al., 1994), but
here the only tool maker was the daughter
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of the alpha female, who would not be
subject to harassment while concentrating
on a task.

Third, differences in tolerance may lead
to intraspecific differences in the invention
of novel tool-use behaviors. Although
capuchins are generally tolerant and readily
share food (de Waal, 1997), Fragaszy &
Visalberghi (1990) note that the high social
vigilance in larger capuchin groups inhibits
exploration of novel tool-use apparatuses
and hinders the development of novel tool-
use behaviors. In several species, the naive
individuals who are first to learn tool-use
or food-processing techniques usually have
affiliative relationships with knowledgeable
groupmates, so that relaxed proximity
with a demonstrator is possible (Itani &
Nishimura, 1973; Woestergaard, 1988;
Zuberbiihler ez al., 1996).

Intraspecific variation in tool use

Chimpanzees. As noted above (see Table 2),
there is appreciable variation in the kinds of
tools used and the numbers of different
feeding tools used across chimpanzee popu-
lations. Given an approximately equal rate
of invention among sites and an approxi-
mately equal number of ecological opportu-
nities for feeding-tool use, the hypothesis
predicts that the size of the local tool kit
reflects the frequency of opportunities for
transmission, and hence gregariousness or
social tolerance. Boesch (1996) has com-
pared party sizes for most sites with long-
term chimpanzee studies. Mean party size is
not correlated with the size of the tool
kit (r,=—0-10, n=5, P=0-84). Tolerance
measures can not be directly compared
across sites. We therefore compiled various
tolerance indicators (Table 4). Their distri-
bution over sites is consistent, allowing for
a classification of the tolerance into three
classes. The composite tolerance score and
tool kit size show a strong correlation
(r,=+0-95, n=5, P=0-057), consistent with
the hypothesis that more tolerant popu-
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lations of chimpanzees have more varied
tool use.

Orang-utans. The use of feeding tools in
orang-utans is limited to a few sites, all in
south Aceh province in Sumatra. Because
orang-utans are semi-solitary, both gregari-
ousness and tolerance could vary. In
addition, opportunities for tool use, i.e.,
the extent of extractive foraging, could
vary. One population with tool use (Suaq
Balimbing) has been studied in detail (van
Schaik ez al., 1996; Fox er al., 1999), as have
several others without tool use.

Orang-utan densities in Sumatra are
about twice that in Borneo in similar habi-
tats (van Schaik ez al., 1995), suggesting that
Sumatran forests are more productive than
comparable Bornean ones. As a result, gre-
gariousness and tolerance also vary. Adult
orang-utan females seem to be far more
gregarious at the Sumatran sites than at the
Bornean ones (van Schaik, 1999). However,
the importance of feeding aggregations in
the mean party size is much greater in
Ketambe, where large strangling figs are
abundant, than in Suaq Balimbing, where
virtually all parties are travel bands (sensu
Sugardjito ez al., 1987) because large fruit
trees with long patch residence time are rare.
Although travel bands are more likely than
aggregations to encounter opportunities for
extractive foraging, the differences between
Suaq Balimbing and Ketambe in gregarious-
ness per se are not dramatic. With respect to
tolerance, numerous cases of food sharing
outside the mother—infant context have been
observed at Suaq Balimbing (in ca 12,000
hours of focal observations: van Schaik,
1999), both in male-female and female—
female associations, and including fruit,
insect nests and meat. At Ketambe, food
sharing is occasionally observed (S. Utami,
personal communication, similar obser-
vation time). By contrast, no food sharing
outside the mother—infant context is found
in Tanjung Puting (Galdikas & Teleki,
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Figure 4. Variation in dietary composition, as estimated by percentage of total feeding time, among
various wild orang-utan populations on Borneo and Sumatra. Kut=Kutai; TP=Tanjung Puting; US=Ulu
Segama; Ren=Renun; Ket=Ketambe; SB=Suaq Balimbing. SB is the site with tool use. Data taken from
Rodman (1988), supplemented by Suzuki (1989) for Kut, Sugardjito (1986) for Ket and van Schaik

(unpublished) for SB.

1981), nor do any other reports on Bornean
orang-utans mention it (also C. Knott,
personal communication). Hence, the
Sumatran sites, and especially Suaq
Balimbing, have higher gregariousness and
tolerance in foraging situations where tool
use is likely, consistent with the hypothesis.

Opportunities for extractive tool use may
also vary, however. Time spent foraging on
insects is the best estimate for the frequency
of opportunities for extractive foraging:
much insectivory is extractive (tool use is
relatively rare and thus unlikely to cause the

time spent foraging for insects). The pub-
lished data on orang-utan time budgets
show considerable variation in the distri-
bution of feeding time (Figure 4), with the
Sumatran populations spending more time
on insect foraging and the Suaq Balimbing
population spending by far the most. This
higher tendency toward insectivory in
Sumatra is shared by gibbons (Palombit,
1997) and long-tailed macaques [compare
Wheatley (1980) with van Noordwijk & van
Schaik (1987)], and reflects the productivity
difference between the islands. Thus, the
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site with tool use is also the site with the
most frequent opportunities during routine
foraging, which may provide an alternative
explanation for the observed distribution of
tool use. However, the absence of Neesia
tool use in Borneo, despite abundant oppor-
tunities, is in favor of the hypothesis
that tolerance during foraging is the key
factor in the distribution of tool use in
orang-utans.

Discussion

Primate tool use

Although extractive foraging and tool use
are often thought to be linked (Parker &
Gibson, 1977), we were unable to test this
link directly. However, other evidence does
not support Parker & Gibson’s hypothesis.
First, while all feeding-tool users in the wild
or in captivity are dexterous extractive for-
agers, many species that show extractive
foraging are not dexterous, and most of the
dexterous extractive foragers do not use
tools in the wild with any frequency.
Second, there is doubt as to the theoretical
basis for linking extractive activities to flex-
ible tool use through the use of Piaget’s
sensori-motor stages (cf. Fragaszy & Adams-
Curtis, 1991; Byrne, 1997; Tomasello &
Call, 1997). Thus, extractive foraging is not
directly linked to tool use.

The phylogenetic test showed a strong
dependence of tool use (mainly in captivity)
on the presence of manual dexterity.
This is not unexpected if we view tool use as
the byproduct of manipulative actions,
especially those combining objects and sub-
strates. Indeed, the tool use of many species
in captivity shows many similarities to
frequently shown operant behaviors. For
instance, capuchin monkeys often pound
objects, e.g., smashing nuts together or
against branches (Struhsaker & Leland,
1977); where they use tools, they also tend
to use these pounding actions (Fernandes,
1991; Fragaszy & Adams-Curtis, 1991).
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Thus, extractive foraging has favored the
evolution of dexterity in a subset of species
and provides the tasks in which tools can
profitably be used. However, as illustrated
in Figure 1, ecological factors alone, while
necessary, are not sufficient to explain the
distribution patterns of primate tool use, and
it is best to regard the required capacities
as being present or expressed as skills in
ever-narrowing subsets of species or
populations.

Intelligence may account for the presence
in some great apes of the use of feeding tools
in the wild, the presence of tool kits and tool
sets (Parker & Gibson, 1977; McGrew,
1992), and perhaps a greater ease of tool
making (Figure 1). Unlike great apes, mon-
keys lack insight and efficient observational
learning techniques, and therefore are not
known to show population-wide tool use in
the wild, although they can acquire tool-
using skills if opportunities to do so are
numerous and continuous. It is theoretically
possible, therefore, that a socially tolerant
monkey population will be found in which

routine use of feeding tools occurs,
especially if the skills used are close to
naturally occurring operants, and if

opportunities for would-be learners are
abundant.

The causes of the cognitive divide
between great apes and monkeys are not
clear (Byrne, 1997). The cognitive factors
favoring invention and transmission, though
different (Figure 2), are evolutionarily
linked because copying the behavior of
others only provides a benefit if these indi-
viduals have developed skills that are worth
copying (Boyd & Richerson, 1996). Thus,
logically, insight historically preceded obser-
vational learning skills such as imitation and
emulation. However, given the erratic distri-
bution of tool use in living great apes, it is
not likely that the intellectual capacity for
tool use itself provided the selective force
that produced more generalized cognitive
skills in great apes.
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Tolerance is a critical element of the
model (cf. Figure 1). Although the social
environment is often mentioned as a factor
affecting learning latencies, tolerance has so
far rarely been used to account for variation
among species or populations within a
species (Coussi-Korbel & Fragaszy, 1995).
Yet there was support for a role of social
tolerance. In monkeys social tolerance
increases the time spent exploring objects
and leads to more likely acquisition of tool-
using skills. The geographic pattern among
orang-utans is also consistent with a critical
role for social tolerance in maintaining tool
use at a site. The geographic variation in
chimpanzee feeding-tool kit is correlated
strongly with measures of social tolerance,
and poorly with a gregariousness measure
(mean party size). Although the robustness
of these results needs to be evaluated using
more systematic comparisons between sites,
it remains strong in a preliminary analysis of
a larger set of sites (van Schaik, in prep.).
Finally, the well-known fact that immature
animals engage in more exploration and
invention than adults may be due in part to
the greater tolerance afforded to juvenile
primates. Nonetheless, while these various
patterns are suggestive, they cannot as yet
constitute a critical test. In particular, exper-
imental tests of learning latency of tool skills
in groups of varying tolerance are needed.

The model presented here explains the
distribution of feeding-tool use among pri-
mates, and should therefore bear on the
material culture of early hominids. How-
ever, the absence of extensive tool use in
wild bonobos and gorillas appears to be
inconsistent with the model’s main ele-
ments. This can mean three things. First,
the model is wrong. Second, these two
species may rely less on extractive foraging
of the sort that invites tool use. Indeed,
bonobos and gorillas rely more on herbs and
monocotyledonous understory plants than
do chimpanzees (Malenky & Wrangham,
1994). Accordingly, the object manipula-
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tions of captive bonobos are less substrate-
oriented than those of chimpanzees
(Takeshita & Walraven, 1996). Note, too,
that gorilla tool use, even in captivity, is less
extensive than that of the other great apes
(compiled in Tomasello & Call, 1997).
Third, it is conceivable that more close-
range observations of well-habituated indi-
viduals will yield new forms of extractive
tool use in bonobos, and perhaps even in
gorillas. In both orang-utans and chimpan-
zees between-site variation in tool use is
extensive, and the number of sites with
long-term observations of well-habituated
bonobos and even gorillas is smaller than
that for orang-utans and especially chimpan-
zees. At this stage, we cannot distinguish
between these three possibilities.

Hominid tool use

The first manufactured stone tools appear in
the archaeological record (Semaw er al.,
1997) about 2-5m.y.a. We surmise that
hominid tool use was probably not more
advanced than that of extant chimpanzees
before then. Among the main conditions of
the model (extractive foraging tasks, dex-
terity, intelligence, gregariousness and social
tolerance), the most likely elements differen-
tiating the stone-tool-making hominids from
great apes would be increased intelligence or
a higher degree of tolerance accompanied by
increased opportunities for strong reliance
on tools.

Increased intelligence is likely to be
expressed in increased relative brain size. It
is still disputed whether the first Oldowan
tool makers were Australopithecus (Paran-
thropus) or Homo (Wood, 1997), but since
cranial material is lacking for both for this
period, it is impossible to determine if the
relative brain size of the earliest tool makers
was already above the great ape range
(Kappelman, 1996). However, experiments
suggest that great apes cannot attain the
level of sophistication reached by Oldowan
tool makers (Wynn & McGrew, 1989; Toth
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et al., 1993). Hence, it is likely that these
new skills do indeed reflect increased cog-
nitive abilities. On the other hand, such
abilities would not be maintained in the
population unless accompanied by favorable
social conditions for invention and transmis-
sion. The reduction in absolute canine size
and canine size dimorphism in the genus
Homo is consistent with the suggestion of
enhanced social tolerance (Plavcan & van
Schaik, 1997). Moreover, the Oldowan
lifestyle involving communal processing of
large food items, e.g., carcasses (Klein,
1989), is inevitably accompanied by exten-
sive food sharing, or at least tolerated
scrounging. Social tolerance is an essential
condition for this lifestyle.
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