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In 1989, Wynn and McGrew published an explicit comparison between
Oldowan technology and what was then known of chimpanzee technology.1

They compared the range and variety of tools, adaptive role of tools, carrying
distances, spatial cognition, manufacturing procedures, and modes of learning.
They concluded that everything archeologists had reconstructed about the
behavior of Oldowan hominins could be accommodated within the ape adaptive
grade; that is, a paraphyletic group united by overall similarities in anatomy and,
in this case, behavior. The only Oldowan activities that were almost unknown for
modern apes were the long-distance transport of objects and direct competition
with carnivores, which was implied by meat acquisition activities. ‘‘In its general
features Oldowan culture was ape, not human. Nowhere in this picture need
we posit elements such as language, extensive sharing, division of labor, or
pair-bonded families, all of which are part of the baggage carried by the term
human.’’1:394

Much has changed since the origi-
nal article was conceived in the
1980s. Primatological research has
expanded the variety of tool-based
activities documented for nonhuman
primates. The range of tool-using
species has also expanded to include

orangutans, capuchins, and maca-
ques. Archeological research has
extended the known geographic and
temporal distribution of Oldowan
sites, and provided greater detail to
the reconstructions of Oldowan
activities and procedures. The theo-

retical climate in paleoanthropology
has shifted as well, with greater

attention being paid to concepts

drawn from ecology, demography,

primatology, and even cognitive sci-

ence. But most importantly, few

paleoanthropologists would now

attribute language, extensive sharing,

division of labor, or pair-bonded

families to the hominins responsible

for the Oldowan; in this regard, the

1989 argument has become effec-

tively moot. Yet a fundamental per-

spective remains unchanged. Paleo-

anthropologists continue to celebrate

the advent of flaked stone technology

as the crossing of an evolutionary

Rubicon. ‘‘These materials herald a

new chapter in the human evolution-

ary record and mark a significant

departure from the rest of the primate

world: the onset of a technology-

based adaptation in which synthetic

tools supplemented the biological

repertoire of these creatures.’’2:3

The idea that the advent of flaked
stone tool technology marked a qual-
itative leap in hominin evolution is
widely held in paleoanthropology.
Was the Oldowan a new chapter in
human evolution and the starting
point for greater things to come? Or
would it be more fruitful if the Oldo-
wan were understood as the continu-
ation of a way of life that had been
in place for millions of years? Taking
an ape’s perspective on the Oldowan
is not just a clever experiment
designed to clarify and highlight the
similarities and differences between
apes and humans; it is a call to place
early hominin tool users in their
appropriate evolutionary context.
Lithic technology may eventually
have provided the selective context
for more human-like developments
among some hominins, but these
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developments were nowhere appa-
rent in its earliest hominin manifes-
tation. Indeed, as we hope to show
here, Schick and Toth’s2:3 felicitous
characterization of the Oldowan as
‘‘the onset of a technology-based ad-
aptation in which synthetic tools
supplemented the biological reper-
toire of these creatures’’ is accurate
precisely because it is a characteriza-
tion of the ape adaptive grade.

METHODOLOGICAL
CONSIDERATIONS

How does one make a meaningful
comparison of such different data
sets? Ethological descriptions of non-
human primate tool use and tool mak-
ing, supplemented by primate archeol-
ogy, appear to be a richer source of
data than are the few thousand pieces
of stone and bone offered up by the
entire Oldowan archeological record.
How, without appearing paltry, can
the static data of archeology be
matched against the dynamic record
of living, active, tool-using primates?
The prospects are not as dire as they
might seem. The task of evolutionary
science is to take descriptive data,
apply appropriate theoretically
grounded methods, and draw infer-
ences. Despite having largely different
data sets, both primatology and paleo-
anthropology draw inferences about
the adaptive significance of tool-based
activities. It is these inferences that
can be compared. Archeology has a
large battery of techniques by which it
can reconstruct many of the activities
responsible for archeological remains.
Yes, much of what ethologists

observe is inaccessible from the
archeological record of the deep past
(for example, the sex of tool users).
Moreover, due to lack of preserva-
tion, it is very possible, even likely,
that there were hominin tool-based
activities that we fail to detect. How-
ever, if everything we do detect is
similar to what we know of living
apes, we have no grounds for assum-
ing that undetected behavior was
somehow more human-like.

NEW PRIMATE EVIDENCE

Over the last 20 years, field studies
of wild chimpanzees have continued

to expand, as older sites (Bossou,3,4

Gombe,5–8 Mahale,7,8 Taı̈9,10) added
more decades or were revitalized
(Budongo11); middle-aged sites
emerged to join the ranks of those
with habituated subjects (for exam-
ple, Kalinzu,12 Kanyawara,13 and
Ngogo,14,15); and new sites added
luster to the range (among them Fon-
goli,16,17 Gashaka,18 Goualougo,19–22

and Semliki23). The range of ethnog-
raphy now available20,24 was unima-
ginable 20 years ago. Comparative
studies25,26 have made the most of
this rich tapestry of diversity.

On the other hand, established

bonobo field sites remain few, with

only Lomako27 and Wamba28 carry-

ing on. The bright spark comes from

the first fully habituated study popu-

lation at Lui Kotale, which has

yielded surprises, such as social

hunting of monkeys.29 At Mondika,30

habituation of a wild population of

western lowland gorillas finally has

been achieved, but the material cul-

ture of the species remains virtually

nonexistent. Orangutans are now

firm members of the elementary

technology and culture club,31

thanks to breakthrough research,
especially at Suaq Balimbing,32–34

but their tool repertoires still look
sparse in comparison with those of
chimpanzees.
Similarly, in captive populations of

great apes, chimpanzees lead the
way, especially via the elegantly
designed experiments of Whiten and
de Waal and their students.35 Using
multiple groups at various laborato-
ries, they have established the spe-
cies’ ability to learn socially by imita-
tion. More comparative work by
Tomasello and Call’s36 group at Leip-
zig has tackled various topics in
complex cognition, from mental time
travel to cooperation. More recently,
Hare and his colleagues37 have
shown that bonobos in an African
sanctuary (Lola ya Bonobo) yield
similarly complex capacities that
seem to be species-unique.

FIELD STUDIES

Field study of free-ranging apes in
nature is still the main source of new
information about tool-using activ-
ities. Typically, this comes from
long-term, continuous research on
habituated subjects followed over the
course of their lifetimes. For chim-
panzees, there are now nine estab-
lished field sites where subjects can
be followed daily from nest to nest,
in ecotypes ranging from rain forest
to savannah. In addition, several
newer sites where the apes are still
unhabituated have also reported new
types of tool use.

Chimpanzees

Tool-assisted hunting

Pruetz and Bertolani38 reported the
first habitual use of tools by chim-
panzees to secure vertebrate prey.
The apes of Fongoli, Senegal, used
sharpened sticks as skewers to hunt
lesser bushbabies (Galago senegalensis)
from their nests in tree cavities. Mak-
ing these instruments involved a hier-
archically organized sequence of up to
five steps, flexible enough to allow
some steps to be omitted and others
repeated. Some of the observed epi-
sodes involved more than one tool
being used to probe a single cavity.

The task of evolutionary
science is to take
descriptive data, apply
appropriate theoretically
grounded methods, and
draw inferences. Despite
having different data
sets, both primatology
and paleoanthropology
draw inferences about
the adaptive
significance of tool-
based activities. It is
these inferences that
can be compared.
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Two individuals manufactured their
tools before ascending the tree. The
rate of success was low; in only one of
the 22 observed cases was the prey
seen to be captured. This is similar to
the solitary hunting of monkeys at
other chimpanzee sites. Interestingly,
adult females or immatures did most
such tool hunting, in contrast to chim-
panzee hunting of bigger prey else-
where, done mainly by adult males
without tools.

Digging tools

Hernandez-Aguilar, Moore, and Pick-
ering39 reported for the first time that
chimpanzees use tools to excavate the
underground storage organs (USOs)
of plants (Fig. 1). The chimpanzees of
Issa, in Ugalla, Tanzania, were unha-
bituated, and indirect evidence was
used to infer this novel behavior:
holes, spat-out fibrous wadges,
knuckle prints, feces, and associated
tools. The apes reused two of the 11
sites that were identified. Three types
of tools were recovered: sticks, frag-
ments from a fallen log, and pieces of
tree bark. Microwear on the tools con-
firmed their use for digging. Else-
where, other exploitation of USOs is
done without technology.40,41

Cleaving tools

Koops, McGrew, and Matsuzawa42

found indirect evidence that unhabi-
tuated chimpanzees at Nimba,
Republic of Guinea, West Africa, use
tools to reduce Treculia africana
fruits into easier-to-handle pieces.
Fruits of this species are spherical,
large, dense, and heavy (up to 8.5 kg)
and thus difficult to bite into. Two
types of tool were used: movable
stone and wooden ‘‘cleavers,’’ and
stone outcrop (nonmovable) anvils.
Such cleavers had not been reported
before. The chimpanzees did not use
the two types of tools in combination,
as in nut-cracking, but rather used
them independently. This is the first
report of the use of two different
types of percussion tools to execute
the same task and achieve the same
goal. The Treculia fruits were carried
up to 55 m from the tree of origin.

Tool sets, composite tools,

and compound tools

A tool set is ‘‘two or more tools
[used] in an obligate sequence to
achieve a single goal.’’43,44 Brewer
and McGrew45 first described a tool
set. In that case, a female chimpan-

zee used four types of tools in series
to extract honey. Since then, tool sets
have been seen in wild communities
for obtaining honey, sap, and social
insects (Fig. 2).19,21,22,46,47 The larg-
est known tool set comprises five
tools used to get honey.46 A specific
order in the use of each tool of the
set is needed to reach the goal.
A composite tool is ‘‘two or more

objects used simultaneously and com-
plementarily to achieve a goal.’’43,44

Each of these objects can be used sin-
gly, but its usefulness is diminished.
Examples of composites are the use of
a small branch to push in and pull out
a leaf sponge in a tree-hole containing
water for drinking48 and the use of
wands to dip for driver ants while using
bent-over saplings as perches.49 At Bos-
sou, Carvalho and coworkers50,51 sys-
tematically studied the use of a custom-
ary composite tool: portable anvils and
hammer stones for nut-cracking.
A compound tool is ‘‘two or more

components combined as a single
working unit’’.43 The most wide-
spread example is the leaf ‘‘sponge,’’
in which several leaves are com-
pressed together to sop up water.26,52

Another example, from Bossou, is
the wedge stone inserted under a
stone anvil to level and to stabilize
the surface for nut cracking.3 The
use of up to two wedges used at the
same time to stabilize an anvil has
been reported in a natural nut-crack-
ing site in Bossou.51 Thus, the com-
pound anvil is used with a hammer,
making, in total, a composite tool.

Excavation of chimpanzee

nut-cracking sites

Mercader, Panger, and Boesch53 were
the first to excavate a chimpanzee site
using standard archeological techni-
ques. The chimpanzees of Taı̈, Ivory
Coast, had been observed using this
site intermittently for nut-cracking
over a period of 26 years until the
death of its source (nut) tree. Nut-
shells were associated with stones,
and hammers were intentionally
brought to the anvils; stone hammers
were fractured and shattered, appa-
rently accidentally. This research
showed that the chimpanzees’ reuse
of activity areas for nut cracking
resulted in accumulations of stone

Figure 1. Chimpanzee tool used at Ugalla to dig for USOs and log from which it was
extracted. Photo by R. Adriana Hernandez-Aguilar. [Color figure can be viewed in the
online issue, which is available at wileyonlinelibrary.com.]
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and plant refuse at specific points on
the landscape, forming sites, and that
the tools exhibited wear patterns
characteristic of these activities.
Also at Taı̈, Mercader and col-

leagues54 conducted the first study
of an ancient chimpanzee site and
noted the type of raw material, mor-
phology, dimensions, and patterns
of use-wear on the stone assem-
blage. Based on these characteris-
tics and on the taxonomic identifi-
cation of the nut species repre-
sented in the starch assemblage, the
researchers concluded that the exca-
vated site was the product of chim-
panzee nut-cracking activities in the
remote past. They also found prod-
ucts of intentional systematic flak-
ing of stone and inferred that spo-
radic human activities had contrib-
uted to the assemblage.
Radiometric dating of material from
small lightning-caused fires revealed
that chimpanzees have been using
stone tools at the locale for at least

4,300 years, suggesting that nut-
cracking was transmitted from gen-

eration to generation over at least
that time span.

Figure 2. Adult male chimpanzee of theMoto community of the Goualougo Triangle Ape Project, Republic of Congo, uses a tool set. He uses a
puncturing tool to create an access tunnel into a subterranean Macrotermes nest, while holding an herbaceous fishing probe in his mouth.
Photo by Ian Nichols, National Geographic Society. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]

Figure 3. Natural chimpanzee nut-cracking site at Bossou, with hammers, anvil, and
oil-palm nuts. Note wear patterns on stone, resulting from repeated use. Photo copyright
Susana Carvalho. [Color figure can be viewed in the online issue, which is available at
wileyonlinelibrary.com.]

184 Wynn et al. ARTICLE



Orangutans, Gorillas,
and Bonobos

Although orangutans had sporadi-
cally been seen to use unmodified
objects as tools,31 only in the mid-
1990s was regular tool-making and
flexible tool use reported for this
Asian ape.34 Fox, Sitompul, and van
Schaik32 further described task-de-
pendent modification of tools. All of
the manufactured tools were used in
trees in two foraging contexts:
extracting insects or honey from
tree-holes and seeds from hard-
shelled fruits. In the second context,
tools often were made before access-
ing the fruit tree. Tools also were fre-
quently reused to extract seeds from
different Neesia fruits. The arboreal
apes transported a tool in their
mouths between feeding sites in the
same tree or to different trees. From
the list of behavioral patterns for six
wild populations of orangutans in
Borneo and Sumatra, as presented
by van Schaik and coworkers,33 15
types of tool use can be identified, 10
of which are either customary (for
example, seed extraction tool, leaf
napkin) or habitual (for example,
leaf glove, branch as swatter) in at
least one study site. This list did not
include all tool use cases ever
observed in wild orangutans. Other
examples include the use of a leafy
branch as an umbrella during rain32

or as a branch hook.55 van Schaik,
van Noordwijk, and Wich56 described
yet another type of technology, leaf
carrying, a habitual behavior seen at
only one of seven wild orangutan
sites, Tuanan. The leaves were always
plucked from the same species of tree
and carried for up to 50 meters and
for up to half an hour; they were
sometimes put down while feeding,
but were picked up again and taken
to the nest site, where they were used
to make nest covers or linings.
Gorilla tool use is only anecdotal.

Breuer, Ndoundou-Hockemba, and
Fishlock57 reported for the first time
the use of tools by this species in na-
ture: A female detached a branch
and thrust it into a pool to test the
water’s depth or the stability of the
substrate, then used it as a walking
stick for postural support. Another
female detached the stem of a shrub,

inserted it into the ground and
leaned on it for support while col-
lecting aquatic herbs; after that she
placed the tool on swampy ground
and used it as a bridge to cross
quadrupedally.

Thirteen types of tool use are
reported for bonobos (at two study
sites: Wamba and Lomako), but only
two are customary (branch drag,
buttress beat) and four habitual26

(rain hat, rain cover, leaf clip by
mouth or by fingers). A single type of
tool has been seen (four times) to be
used in subsistence: the moss
sponge, equivalent to the leaf sponge
of chimpanzees.27,28 No bonobo in
nature has been seen to make a tool.

Old World and New World
Monkeys

The productivity of field researchers
in documenting the tool use reper-
toires of apes such as Pongo and Pan
has been matched by research on New
World and Old World Monkeys (Boxes
1 and 2). In particular, the genera
Macaca and Cebus have yielded star-
tling patterns of object manipulation
of stones and tool use. Especially pro-
vocative is the convergence of percus-
sive technology in Macaca fascicularis,
the long-tailed macaque, and Cebus
libidininosus, the bearded capuchin, to
extract food that is encased and inac-
cessible without tool use (Fig. 4).
These new findings provide fertile
ground for primate archeology and
expand modeling exercises to more
phylogenetically distant taxa that may
allow us to scrutinize the intersection
of habitat, socio-ecology, and tool use.
They also raise the possibility that
what we here term an ape adaptive
grade is yet another example of taxo-
nomic myopia.

FIELD EXPERIMENTATION

Reconciling the contrast between
tightly controlled but artificial settings
in captivity versus uncontrolled but
ecologically valid settings in nature is
a perennial dilemma. One way out of
it is to transfer experimental methods
into the wild, embedding managed
settings into the daily lives of apes,
who may or may not volunteer to take
part. This approach means controlling

as many natural variables as possible
without biasing the subjects’ normal
behavior. Matsuzawa’s4 research
group at Kyoto University, working at
Bossou in Guinea, has pioneered this,
especially in studies of stone tool use
in cracking nuts. The researchers
make available arrays of lithic raw
materials that control for key varia-
bles, such as size, weight, shape, type
of stone.18,21

Chaines Operatoires

Carvalho and coworkers51 applied
chaines operatoires technique, which
involves the description of an action
sequence from acquisition of raw
materials to discard of exhausted
tools, in a study of wild chimpanzees.
They demonstrated the existence of
operational sequences in nut-cracking
technology, both by observation and
experimentation at Bossou (outdoor
laboratory and natural forest) and by
indirect evidence at Diecke (natural
forest), Guinea. They found that for
all steps from the selection of raw ma-
terial to the final discard of a tool, se-
quential actions were needed to reach
the goal; the apes exhibited flexibility
in making this sequence longer and
more complex. Chimpanzees discrimi-
nated the functions of a tool based on
tool features (size and weight). The
authors found diversity in the stone
assemblages of the three sites studied.
Spatial analysis of the percussion

revealed different activity areas and
the existence of three strategic choices
of resource exploitation: using tools
and nuts at the nut tree; carrying nuts
to a different place with tools or tak-
ing stones to join previously carried
nuts; or transport of tools and nuts to
a spot away from others.
Systematic study of one type of

composite tool, the hammer-and-
anvil, in Bossou’s outdoor labora-
tory50 revealed that chimpanzees sys-
tematically selected anvils and ham-
mers not only independently, but also
that individuals preferred particular
hammer-and-anvil combinations.

LABORATORY EXPERIMENTATION

Apes have figured in laboratory-
based behavior studies since the
early studies of Wolfgang Koehler on
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chimpanzees, almost a century ago.
Modern studies seek to recreate
natural phenomena in controlled
conditions (for example, tool use in
extractive foraging) to probe the lim-
its of nonhuman abilities, the point
being to model counterpart capaci-
ties important in human evolution
(such as stone tool making) or to test
cognitive capacities, both individual
and social (for example, cooperative
problem-solving).

Bonobo Knapping

A long-term experimental project
designed to study the ability of bono-
bos to make and use Oldowan-type
stone artifacts began in 1990 with a
young male named Kanzi.58 Over the
course of several weeks, Kanzi
learned, by watching a human
model, how to knap stone flakes and
use them for cutting. At first he was
reluctant to use the model’s knap-
ping gesture of striking a core held
in one hand with a hammer held in
the other, and instead invented a

technique in which he forcefully
hurled cores onto a hard substrate.
He eventually acquired the standard,
hand-held gesture, after he was pre-
vented from breaking cores by pad-
ding the hard surfaces, and exhibited
rapid improvement.58–61 Schick and
colleagues62 later reported the con-
tinued refinement of Kanzi’s stone
tool-making capabilities, although
Kanzi still preferred to make tools by
throwing rather than by the standard
knapping gesture. After a period of
throwing as the preferred technique
for flake production, Kanzi resumed
knapping in a much more efficient
manner than in the earlier trials and
slowly shifted to a preference for
knapping over throwing. He seemed
to understand that successful flaking
depended on hitting the core in a
precise and systematic way and con-
tinued to improve the bimanual per-
cussion, eventually achieving effective
and efficient flaking27,28,58,61,62

Conchoidally flaked stone artifacts
made by bonobos are similar in impor-
tant features to Oldowan artifacts.63

Toth, Schick, and Semaw64 made
detailed comparisons of early Oldo-
wan stone tools from Gona, Ethiopia,
with those made by experienced
bonobos (Kanzi and Panbanisha) and
humans. The comparison, which
mainly focused on the products of
knapping, showed that bonobo arti-
facts shared many similarities with
Oldowan artifacts. Although they
would be clearly recognizable as arti-
facts in an archeological context, they
exhibited less precision, less reduction,
fewer flake scars, and more battering
from unsuccessful blows, which was
interpreted as a possible product of
biomechanical and cognitive limita-
tions of the apes.64,65 Whiten, Schick,
and Toth63 concluded that, ‘‘based
on the proficiency in the acquisition
of stone tool making by bonobos,
the acquisition of stone tool making
proficiency in these bonobos makes
it probable that a basal ability for
the effective stone-to-stone percussion
necessary for stone tool manufacture
existed in our common Pan-hominin
ancestor, along with a capacity to

Box 1: Old World Monkey Tool Use

The macaques (Macaca spp.) are
a varied and widespread evolution-
ary radiation of Catarrhine mon-
keys, living in a variety of habitats
from seashore to mountain foothills,
mostly in Asia.106 Some members
of the genus, such as rhesus
(M. mulatta) and long-tailed (M. fas-
cicularis) macaques have been well-
studied, especially in laboratories.
However, the longest-running stud-
ies are of Japanese macaques (M.
fuscata), which date to the pioneer-
ing work of Imanishi and his stu-
dents from the 1950s to the pres-
ent.107 Despite this attention, there
were, until recently, no reports of
habitual tool use in any population
of macaques, in nature or captivity.
Hence, they rarely have been incor-
porated into human evolutionary
modeling. Now, this has changed.
Astonishingly, long-tailed maca-

ques in Thailand have been reported
to pluck and use human hairs as
tools to floss their teeth.108 Later
research shows that macaque moth-

ers in the presence of their infants
appear to teach their offspring the
behavioral pattern.109 This custom
will leave no archeological record,
as the artifacts are organic, but it
reminds us that novel behavior can
always turn up, given opportunity
and inventiveness.
Much better-known is stone han-

dling, a complex of behavioral pat-
tern that involves pebbles being
manipulated by sitting monkeys,
usually at feeding areas.110 The
manner of manipulation varies
immensely: 45 components have
been catalogued, such as rubbing,
tapping, stroking, and mouthing.111

None of the stone handling is tool
use; that is, the stones are not used
to accomplish any visible goal, but
some of the behavioral patterns
probably leave recognizable modifi-
cations that could be subject to
lithic analyses. The complex varies
greatly across populations of wild
macaques, suggesting cultural ori-
gins, but is most commonly

expressed in provisioned groups
versus unprovisioned ones.112

Most impressive among macaque
elementary technology is the use of
stones as hammers to extract food-
stuffs from natural casings. Long-
tailed macaques on islands in the
Andaman Sea use percussion to
crack open nuts and molluscs on
anvils and to chip open oysters
attached to the intertidal sub-
strate.113,114 These pounding and
axe hammers differ in size and
shape and display diagnostic wear
patterns according to their different
methods of use. There seem to be
strong functional convergences in
percussive technology between the
macaques, capuchins, and chimpan-
zees, but these remain to be studied
in detail.
No other Old World monkeys

show habitual or customary elemen-
tary technology, but these recent
revelations remind us never to close
the book on nonhuman primate ar-
cheological possibilities.
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socially transmit the essence of the
skill.’’43:427 Replication of this experi-
ment with other ape genera may allow
extension of this conclusion to a com-
mon ape ancestor.
Since 1989, the picture of non-

human primate technology-based
adaptations has broadened dramati-
cally. From termite fishing at Gombe
and nut cracking at Taı̈, which formed
the core of the 1989 analysis, the
known tool-based activities of chim-
panzees have expanded to encompass
a much greater variety of tools, includ-
ing tool sets, composite tools, and
compound tools, and a greater variety
of foods accessed and processed.
Moreover, it is clear that much of this
activity depends on sequentially and
hierarchically organized actions that
allow flexibility in task completion.66

Chimpanzees represent the high end of
a range of reliance on tool-assisted
activities67 now documented for other
apes, and also monkeys (see boxes).
This record of technology-based adap-
tations provides a rich context from
which to view the earliest flaked stone
technology, the Oldowan.

THE OLDOWAN

From the perspective provided by

nonhuman primate tool making and

tool use, particularly in chimpan-

zees, the earliest evidence of homi-

nin tool use appears very familiar in

regard to the multiplicity of differ-
ent tools and the variety of uses
to which they were put. The follow-
ing account of the Oldowan updates
the one used in 1989, with emphasis
placed on new discoveries and
analyses.

Box 2: Capuchin Monkey Technology

Capuchins (Cebus spp.) are a
widely distributed evolutionary radi-
ation of Platyrrhine (New World)
monkeys, found from Honduras to
Argentina, and from primary rain
forest to arid scrub.115 One species,
C. apella, is famous not only as a
longstanding subject of laboratory
studies, but also for its ‘‘train-
ability,’’ often appearing in feature
films. This species is famous for its
intelligence, but its natural behavior
shows no signs of tool use in the
strict sense; only a few instances of
anecdotal tool use have been
observed. The most studied species
in nature is C. capucinus, the north-
ernmost member of the genus and
the only one ranging into Central
America.116 Based on long-term
studies, these white-faced capuchins
show notable parallels with chim-
panzees, such as social hunting,
meat-sharing, and interpopulational
behavioral variation. However, in
the last 10 years, it is C. libidinosus

(bearded capuchin) that has leapt to
prominence through several studies
in northern Brazil in savannah-like
ecotypes (caatinga, cerrado).117 Their
impressive technological repertoire,
including lithics, has captured the
attention of primatologists and non-
primatologists alike.
Bearded capuchins at two study-

sites, Fazenda Boa Vista and Serra
da Capivara, regularly use hammers
and anvils to crack open several spe-
cies of palm nuts. They use stones
as hammers, and rocky boulders or
outcrops and fallen logs as anvils.
They prospect, collect, transport,
and reuse stones to open the hard-
shelled palm fruits, which are pref-
erentially placed for cracking in
worn depressions (‘‘pits’’) in the
anvils.118 Various types of lithic raw
materials, some rare, are exploited.
The hammers used are heavy, as
much as 25%-40% of average
adult body weight. Experimental
studies done in nature show the

monkeys to be discerning users that
take into account the mass, size,
and composition of stones, and
the species of nut, in making
choices that optimize hammering
efficiency.119

The tool-kit of the bearded capu-
chins goes beyond percussive ex-
tractive technology.120 Some groups
habitually use pointed stones as
trowels to dig up tubers or to open
up wood to get insects. Sticks are
used as probes to access embedded
food or water or even to skewer ver-
tebrate prey such as lizards. Such
tools may be made by reduction,
such as stripping of twigs and
leaves. One population uses stone
banging as an aggressive auditory
display121; in another, individuals
throw stone at one another to initi-
ate social interaction. Overall, the
tool kits of capuchin monkeys rival
or even exceed those of chimpanzee
populations in scope and complex-
ity, if not yet in size.

Figure 4. A long-tailed macaque in Thailand uses a stone ‘‘axe-hammer’’ to crack mol-
lusk shells. Photo by Michael Gumert. [Color figure can be viewed in the online issue,
which is available at wileyonlinelibrary.com.]
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The Oldowan Technocomplex

Oldowan assemblages are made up
of differing combinations of unmodi-
fied stone, stone hammers, knapped
cores, knapped flakes, and debitage.
Some assemblages, such as FLK 22
(Zinj) at Olduvai, occasionally
include flakes with minimally modi-
fied edges. There are no tools that
suggest attention to overall shape,
and few convincing examples of bone
tools. These artifact categories were
the result of repeated application of
hard hammer knapping of flakes, ei-
ther by direct percussion in which a
hammer held in one hand struck a
core held in the other, or a bipolar
technique in which the core is posi-
tioned on a stone anvil and struck
with a hammer stone. There were no
tool ‘‘types’’ in the modern cultural
sense of the term.2,65,68 Instead, the
hominins deployed a variety of
procedures in specific circumstances,
resulting in the range of artifacts
preserved archeologically. There was
no need for ‘‘mental templates’’ in
the sense of preconceived tool cate-
gories or shapes.

When, Where, and Whom?

The known age of sites labeled as
Oldowan now appears to have
spanned two million years. The sites
at Gona, in Ethiopia, still boast

the earliest reliably dated stone tools
at 2.6 Ma (Figs. 8 and 9),69–71

although indirect evidence of cut-
marked bone now suggests the use
of stone flakes as early as 3.4 Ma.72

However, in the absence of stone
tools, many archeologists are skepti-
cal of this early Dikika evidence.73

The Oldowan sites at Peninj, which
date to only 1.4 Ma, anchor the more
recent end.74 The late dates for Pen-
inj make it especially difficult to at-
tribute agency; besides Paranthropus

and Homo habilis, Homo erectus is
also a candidate. Some archeologists

now argue that late Oldowan

assemblages differed technologically

from early ones, though there is no

agreement on this point.2 The possi-
bility of technological change within

the Oldowan tradition is counterbal-

anced by a well-established fact of

the archeological record: Flake and

core assemblages that meet the basic

parameters of assignment to the Old-

owan continued to be manufactured

in various parts of the world up to

historic times. Thus, in order to

sharpen the focus of our compari-

son, we limit our Oldowan sample to

sites dating between 2.6 Ma and 1.7

Ma.
The geographic distribution of

sites attributed to the Oldowan now
extends from North Africa and the
Iberian peninsula to Dmanisi in the
Caucasus, Swartkrans in South
Africa (that is, most of Africa),
southern Europe, and southwest
Asia.75 These temporal and geo-
graphic boundaries encompass a
range of habitat types and hominin
types. Identifying the hominins re-
sponsible for the Oldowan remains
problematic. The best direct associa-
tion is still the one with Paranthro-
pus boisei and Homo habilis in Bed
I at Olduvai Gorge. The closest

Figure 6. A chimpanzee cracks oil palm nuts with a stone hammer and anvil at Bossou. Indi-
vidual on the left watches, holding a hammer stone. Photo by Susana Carvalho. [Color fig-
ure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]

Figure 5. A chimpanzee infant at Bossou watches its mother crack oil palm nuts with
stone hammer and anvil. Photo by Susana Carvalho. [Color figure can be viewed in the
online issue, which is available at wileyonlinelibrary.com.]
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association with the earliest Oldo-
wan artifacts at Gona is with
Australopithecus garhi. It is no lon-
ger tenable to assign the Oldowan
solely to larger-brained forms. Hom-
inins with relative brain sizes within
the ape range may have manufac-
tured any or all of these earliest
stone tools.

Tool Use

Oldowan hominins used stone
tools for butchery and, perhaps,
other food processing. Evidence of
this consists of fragmentary bone
associated with tools at several Oldo-
wan sites and, more tellingly, the na-
ture of damage on the bones. Many
of the bones exhibit cut marks pro-
duced by stone flakes. The bones
come from a range of animals,
mostly herbivores ranging in size
from 10 kg to over 2,500 kg,
although ungulates that ranged
between 100-350 kg were most com-
mon.76 Bone damage indicates that
the hominins used stone tools to per-
form two butchery tasks: sharp flakes
to cut meat from bone and rounded
cobbles to split long bones for mar-
row. Although associated bone has
been found at several Oldowan sites,
one site in particular, FLK 22 (Zinj)
at Olduvai, remains the best
described.77–80 FLK was situated in a

densely wooded spot within 200 m of
a spring. The hominins carried parts
of carcasses to the site, where they
processed them further. Archeolo-
gists continue to disagree about how
the hominins accessed the carcasses.
Some favor hunting or confronta-
tional scavenging,79 while others
favor more passive forms of scaveng-
ing, such as pilfering from leopard
kills cached in trees.76,77 Reliance on
carcasses of medium to large ungu-
lates, however they were acquired,
put these hominins in either physical
(confrontational scavenging) or eco-
logical competition with members of
the carnivore guild, including not
just lions, leopards, and hyenas, but
also saber-toothed cats. What cannot
be determined from the archeologi-
cal record, at least not yet, is how
important meat-eating was to the
diet of Oldowan hominins. From the
more than one- million-year span of
the Oldowan (as considered here)
there is only one site, FLK 22 (Zinj)
at Olduvai, where evidence of meat
consumption is extensive.

Some Oldowan sites have unmodi-
fied cobbles and stones carried in
from elsewhere. Some of these
manuports exhibit evidence of use in
bashing. Mora and de la Torre81

state that the number and size of
these tools argues for bashing not
just marrow bones, but also plant
foods, including USOs.

Transport

The recently excavated sites at
Gona,69–71 Koobi Fora,82,83 Lokala-
lei,84,85 and Kanjera86,87 give a more
detailed picture of artifact transport
than the one presented in 1989 by
Olduvai and Koobi Fora alone. In
particular, it is now clear that by 2.6
Ma hominin knappers carried flaked
cores from a source to locations
where they were further reduced.
The telltale cortical flakes that indi-
cate the first steps of core reduction
are missing, or at least few, at many
of these sites. It also appears that
hominins occasionally carried away
large flakes.2,65 This pattern of trans-
port has suggested to many archeolo-
gists that the Oldowan knappers had
a sophisticated lithic procurement
system.70,71,82 However, this need not
be the most parsimonious explana-
tion. The hominins could simply
have picked up knapped cores from
one spot and moved them to another
or, more likely, knapped a core at its
source to test its potential and
reduce its weight. Neither practice
would have required elaborate pro-
curement systems or plans of action.
Testing of cores may simply have
been a component of foraging
patterns. The hominins did prefer
particular raw materials, and their
choices reflected not only ease of
flaking but also durability.87 Hun-
dreds of millennia of knapping pro-
vided ample opportunity to learn
which type of stone was good and
which was not. Such discrimination
is not cognitively difficult. The homi-
nins did not rediscover it every gen-
eration; they learned it from observ-
ing adults, a long-established ape
pattern. Such social learning does
not obviate the possibility that differ-
ent populations and even species of
hominins independently invented
stone knapping. In fact, this is very
likely, based on the convergence in
percussive technology in different
primate species.88

It is the distance that some of this
stone was carried that set hominins
apart. Most raw material was carried
a few hundred meters at most, usually
from a nearby gravel source. But
some was carried over 10 km. There
are a few such examples from Olduvai

Figure 7. A chimpanzee selects hammer and anvil stones from an experimental array at
Bossou. Note nuts in the mouth. Photo by Susana Carvalho. [Color figure can be viewed
in the online issue, which is available at wileyonlinelibrary.com.]

ARTICLE ‘‘An Ape’s View of the Oldowan’’ Revisited 189



(gneiss from ca. 13 km)80 and a
corroborating (and earlier) set from
Kanjera, where cobbles of various
raw material were transported from a
conglomerate 10-13 km away.86 At
Kanjera, more than 25% of the raw
material appears to have been carried
from this distant source. Braun
and colleagues86 suggested that such

long-distance transport is evidence of
a procurement system of some com-
plexity. Whether complexity is the
appropriate term or not, it indicates
either a series of short distance trans-
ports or a willingness to carry stone
for hours.

Oldowan hominins also carried
the body parts of animals, but the

distance is almost impossible to
calculate. The Olduvai sites of FLK
Zinj and FLK N were within a few
hundred meters of a permanent
water source that appears to
have been a common death site.89

There is no evidence that the
body parts were carried further than
this.

Figure 8. Flaked pieces from Gona EG10 and EG12. Battering on artifact ‘‘f’’ indicates use as hammer.122 Copyright � 2010, Elsevier, by
permission. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]
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Procedures

Since 1989, developments in lithic
analysis, including replication stud-
ies,64 core refitting,84 knapping
errors,90 scar patterns on cores,74

and spatial concepts91 have expanded
understanding of Oldowan knapping
procedures to include the following:
use of direct hard-hammer technique;
use of different procedures on
different raw materials (for example,
bipolar for quartz and direct percus-
sion for lavas); searching cores for
knappable angles; systematic rotation
of cores when platforms or produc-
tion surfaces failed; removal of hinge
or step flake-marred production
surfaces (core rejuvenation); use of
flake scars for platforms; contiguous
placement of knapping blows (topo-
logical spatial concepts); and occa-
sional unifacial trimming of flakes
(but only in a few assemblages).
It is at this level of procedure that

current Oldowan specialists have
staked claims for cognitive complex-
ity and a qualitative difference
between the technology of apes and

early hominin knappers. Based on
refitted cores, Roche84,85 has argued
not only that the knappers at Lokala-
lei 2C were ‘‘cognitively complex,’’
but that it is possible to distinguish
different levels of complexity among
Oldowan assemblages. Semaw,
Rogers, and Stout71 demurred on the
latter point, but accepted the general
attribution of complexity, as do most
archeologists working in the field.
However, Roche’s claims for hier-
archical complexity in Oldowan
procedures can easily be matched,
for example by the hierarchical com-
plexity employed by gorillas when
manipulating thistles,92 chimpanzees
using tool sets to get honey,46 and
the Galago hunters at Fongoli.38

One of the few examples of chaines
operatoires that invokes theoretically
grounded concepts is Haidle’s,93

which compared decision points and
attention shifts evident in an episode
of chimpanzee termite extraction
with an episode of Oldowan meat
cutting. Attention shifts are impor-
tant components of executive prob-
lem-solving ability and working

memory.94,95 Haidle found that the
chimpanzee and Oldowan examples
were almost indistinguishable in this
regard. With few exceptions, claims
for Oldowan cognitive complexity
rarely have been grounded in well-
defined cognitive concepts. When
they have been, as in Haidle’s use of
working memory and in the 1989
article’s1 use of Piagetian spatial con-
cepts, the cognition of Oldowan
hominins has fallen squarely in the
ape range.

DISCUSSION

Since 1989, primatological research
has dramatically expanded science’s
understanding of the technology-
based adaptations of apes. Among
the great apes, chimpanzees continue
to show the most complex and flexi-
ble tool use. Some behavioral pat-
terns found only in chimpanzees
include using one type of raw mate-
rial to make several kinds of tools
(for example, a leaf used as sponge,
napkin, or fishing probe)96; making
one type of tool from various raw

Figure 9. Flaked pieces from Gona OGS 7.122 Copyright � 2010, Elsevier, by permission. [Color figure can be viewed in the online issue,
which is available at wileyonlinelibrary.com.]
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materials (fishing probe made of
grass, bark, vine, or twig)3,96; using
two kinds of tool to achieve the same
goal (fishing probe and digging stick
to obtain termites)19,21; using two
types of percussive tools to solve the
same task (hammer or anvil to dis-
mantle large fruit)42; and using one
tool for several functions (dip, lever,
and pound in honey extraction).20

Although some types of tool use are
universal to all chimpanzee popula-
tions, the tool kits of chimpanzee com-
munities differ markedly, highlighting
the impressive variation in material
culture for the species.26,96,97,98

After five decades of studying wild
chimpanzees, new types of tool use
continue to be found, thus extending
the impressive repertoire of this spe-
cies.67 Some examples of novel tool
use come from dry, open, and sea-
sonal habitats (Fongoli, Ugalla), and
some from rainforest (Nimba). Some

of the new tool use reports come

from unhabituated subjects (Ugalla,

Nimba) where indirect evidence

guided their discovery. Newly

reported types of tool use, such as

tool-assisted hunting, USO digging,

and cleaver percussion, shorten the

list of tool-assisted behavioral pat-

terns believed to be uniquely homi-

nin. Hunting vertebrates and harvest-
ing USOs with tools are thought to
be key adaptations in human evolu-
tion, but as components of chimpan-
zee foraging their adaptive signifi-
cance must now be extended to a
combined Pan-hominin clade, at
least. Although chimpanzees have
not been seen to use tools to make
other tools, they may unintentionally
produce a second tool during tool
use. At Bossou, during the pestle
pounding of oil palms, the pounder
produces a sponge of drenched fiber
that is then used repeatedly to suck
up the sap.99 In nut cracking, Car-
valho and colleagues51 reported that
a large flake detached from an anvil
was then reused as a hammer. They
stressed that although such fractur-
ing may have been accidental, the
result was a tool produced by
another tool. Unintentional products
of chimpanzee percussion activities
were also identified in the excavated
archeological assemblages at Taı̈.53,54

Although accidental stone tool-mak-
ing by apes is not the same as inten-
tional knapping of stones by homi-
nins, it is an important occurrence
and allows for the hypothesis that
the unintentional fracture of anvil
margins was the first step in the evo-
lution of stone knapping.100

Bossou’s outdoor laboratory results
on nut cracking show that chimpan-
zees exhibit systematic patterns of
selection, transport, use, reuse, modi-
fication, and discard.51 Application of

the chaine operatoire method to chim-
panzee percussion reveals that chim-
panzee sequences resemble those
reconstructed for hominins. Carvalho
and coworkers51 suggested that vari-
able strategic choices of resource ex-
ploitation shown in chimpanzee nut
cracking are flexible, dynamic, oppor-
tunistic, and energy-saving, as has
been said of the Oldowan.

Nut-cracking chimpanzees select
the types of stones that are optimal
for specific tool-using activities8 based
on features such as size and weight.51

Chimpanzees transport stone tools
(hammer, anvil, wedge) and nuts
across the landscape.9,42,51,54 How-
ever, Mercader53 noted that the total
distance from the source at which a
stone was collected to the place
where it was used last and exhausted
remains unknown. Besides tools used
in nut cracking, object transport in
chimpanzees or other primates has
not been systematically studied. Dur-
ing tool-making and use, chimpan-
zees modify the raw materials both
intentionally and unintentionally, pro-
ducing distinctive evidence of the
activities performed, which is distin-
guishable from natural damage. For
example, during nut cracking stone
tools are pitted, abraded, flaked, and
fractured, leaving diagnostic use-wear
patterns.51,53,88 Spatial concentrations
of refuse from chimpanzee activities
at specific spots on the landscape and
the recurring reuse of these places
forms sites. Depending on the type of
raw materials used or deposition con-
ditions, these assemblages may enter
the archeological record, challenging
the traditional view of hominins as
the only creators of archeological
sites.51,88,100–103

Orangutan tool use resembles that
of chimpanzees in several ways: vari-
ation of tool kits across populations,
tools used in extractive foraging, and
compound tools (leaf sponge, leaf
wipe, leafy-branch umbrella). We
now know that bonobos can learn
socially to make stone tools, master
complex stone-modifying techniques,
improve skills by practice, invent
new ways to make flakes, and create
tools that share some characteristics
with Oldowan tools.64 Social learning
in wild chimpanzees seems to occur
through observation and trial-and-
error, mainly from mother to off-
spring.5,6,10,96,104 Long-term studies
of bonobo stone tool-making in cap-
tivity suggest that the main mode of
learning is through observation of
others doing the activity.60,63,64

The ‘‘Apeness’’ of the Oldowan

Tables 1 and 2 compare ape and
Oldowan technology using the same

Newly reported types
of tool use, such as tool-
assisted hunting, USO
digging, and cleaver
percussion, shorten the
list of tool-assisted
behavioral patterns
believed to be uniquely
hominin. Hunting
vertebrates and
harvesting USOs with
tools are thought to be
key adaptations in
human evolution, but as
components of
chimpanzee foraging
their adaptive
significance must now
be extended to a
combined Pan-hominin
clade, at least.
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format that was set out in 1989.
Many of the tool-based activities
documented for apes through obser-
vation and experimentation have also
been documented archeologically for
the Oldowan hominins. However, if
anything, living apes demonstrate a
greater variety of technical activities
than can be reconstructed for the
Oldowan. Given the likelihood that
the archeological record under-
represents the variety of Oldowan
tool-based activities, it is more in-
formative to condense these lists even
further to clarify the overarching simi-
larities. Living apes and Oldowan
hominins share the following:
Use of tools to access food: Apes

use tools to access otherwise hard-to-
get foods, including insects, nut
meats, honey, water, brains, marrow
and USOs. Oldowan hominins used

tools to access meat from carcasses,
marrow from bones, and perhaps
also plant foods, including USOs.
Paleoanthropologists often make
the implicit, erroneous assumption
that technology is ‘‘optional’’ for
chimpanzees (Pan troglodytes) but
was obligate for the hominins who
made Oldowan tools. The reality is
different: All populations of well-
studied chimpanzees depend on
technology to function adaptively in
the environments in which they live.
Arguably, without the use of tools,
the chimpanzees’ intake of animal
protein (for example, insects) or
plant protein (such as nuts) and fat
would be seriously diminished,
affecting individual survival.

Use of tools to process foods:
Apes use tools to break fruit into
manageable sizes. Oldowan homi-

nins used tools to butcher carcasses
into manageable sizes and also
pounded meat and perhaps USOs.
Discrimination and selection of

raw materials: Apes select optimal
raw materials for use as hammers
and probes. Oldowan hominins
selected raw material for knapping
based on ease of flaking and durabil-
ity of resulting flakes.
Selection of tools in advance of

use: Chimpanzees select sticks to
skewer bushbabies, vines to probe for
termites, and stones to crack nuts, all
in advance of episodes of use. Oldo-
wan hominins selected cores for
knapping and flakes for later use.
Carrying tools and food: Apes

carry tools and occasionally food to
processing sites. Oldowan hominins
carried cores, flakes, and parts of
carcasses to processing sites.

TABLE 1. Tools and Procedures

Ape tools and procedures Oldowan tools and procedures2,65,68,71,74,75,81,83,84,122

Known tools Known tools
� Stone hammers50,51 � Stone hammers
� Stone anvils3,50,51,100 � Stone anvils
� Flexible probe6,45,46 � Flaked cores
� Stiff probe45,46,48,49 � Unmodified flakes
� Wooden hammers9,10 � Modified flakes
� Wooden anvils9,10 � Battered cobbles
� Digging tool39 � Unmodified cobbles
� Spear/sharpened stick17 � Modified bone (rare)
� Stone ‘cleaver’42

� Wooden ‘cleaver’42

� Sponge5,52

Groupings/types Groupings/types
� Ad hoc � Ad hoc
� Standardization from selection of raw materials of apt
size and strength3,50,51

� Some modalities linked to raw material (e.g., size)

Manufacturing procedures Manufacturing procedures
� Raw material selection and transport � Raw material selection and transport
� Use of simple topological spatial concepts
(proximity, boundary, order)

� Use of simple topological spatial concepts (proximity,
boundary, order)

� Bite, strip, chew, bend � Direct hard hammer knapping and bipolar knapping
� Different procedures linked to different raw materials � Searching for knappable angles

� Contiguous placing of knapping blows
� Use of flake negatives as platforms
� Core rotation
� Core rejuvenation
� Unifacial trimming of flakes (late)

Tool sets/combinations/composites Tool sets/combinations/composites
� Tool kit19,28,31 � Hammer 1 core
� Tool set – e.g. Pounder, perforator, enlarger,
collector, swab22,45–47

� Hammer 1 anvil

� Tool composite – e.g., Hammer 1 anvil48,50,51
� Hammer 1 core þ anvil (bipolar)

� Compound tool – e.g., anvil 1 wedge; leaf
sponge3,51

� Hammer 1 [food] þ anvil
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Reuse of activity areas: Apes
reuse activity areas, including nut-
cracking stations, occasionally for
years, and termite mounds for deca-
des. Oldowan hominins reused proc-
essing sites perhaps intermittently
for years.105

Hierarchically organized proce-
dures: Apes use hierarchically organ-
ized procedures in preparing and
using tools and tool sets. Oldowan
hominins used hierarchically organ-
ized knapping procedures. The num-
ber of steps and subroutines is
directly comparable. When ape

chaines operatoires are contrasted
directly with Oldowan chaines opera-
toires using the same conventions, as
in Haidle’s93 analysis, they appear
remarkably similar.

Use of flexible procedures: In
field experiments at Bossou, chim-
panzees adjusted their procedures to
different local problems. Oldowan
hominins applied different proce-
dures to different raw materials and
adjusted procedures to different
qualities of cores.

Cultural differences: Different
communities of the same species use

different socially learned technical
solutions. Different Oldowan localities
exhibit different socially learned knap-
ping procedures.
Experiments with captive bonobos

have established that they can learn
to knap stone. These experiments
have added another perspective on
possible cognitive differences
between apes and Oldowan homi-
nins.58,59,61,62,64 Although both Kanzi
and Panbanisha have learned to
knap, neither has achieved the skill
level of Oldowan knappers.64 It is far
from clear why not. Toth argues that

TABLE 2. Uses and Chaines Operatoires

Ape tool uses and chaines operatoires Oldowan tool uses and chaines operatoires

What is processed? What was processed?75–79,81

� Termite mound47,49 � Marrow bones of small to large herbivores
� Ant nest49 � Soft tissue (flesh, tendons) of small to large herbivores
� Bee hive20 � Roots, stems, corms, etc.
� Nut50,51

� Hard shelled fruit34,100

� Big fruit42,100

� Vertebrate prey17

� Water52

� Honey20,45,46

How is it processed? How was it processed?75–79

� Pound, prise, cleave object � Splitting bone diaphyses with cobble hammers
� Insert, extract contents � Slicing flesh and tendons with flakes
� Contain, concentrate prey � Pounding roots, stems, corms, and perhaps flesh59

� Sop liquids

Where is processing done? Where was processing done?75–79,89

� At mound, nest, hive � At death sites of herbivores
� Stream bed � More often away from death sites at protected places
� Kill site
� In trees
� Beneath trees

What is carried? What was carried?2,65,69,78,79

� Raw material – lithic and organic56,96 � Raw material
� Hammer3,9,50,51 � Hammers
� Anvil3,50,51 � Flaked cores
� Probe5,96 � Large flakes
� Nut50,51 � Cobbles
� Fruit51 � Body parts of herbivores
� Carcass5

How far are things carried? How far did they carry things?80,82,83,86,89

� Nut – 265 m � Mostly a few hundred meters from nearby streams or
� Hammer – 500 m conglomerates
� Probe – 1 km � Occasionally as far as 13 km
� Carcass – 6 km

Chaines operatoires (example of termite extraction,
distilled from Haidle93)

Chaines operatoires (example of meat cutting,
distilled from Haidle93)

� 7 phases � 7 phases
� 4 foci � 4 foci
� 9 steps � 14 steps
� 4 shifts in focus � 4 shifts in focus
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Kanzi does not examine cores
closely. If true, this could be a differ-
ence in spatial perception (ability to
isolate patterns in complex back-
grounds91) or directed attention.
There are other equally plausible
explanations: Perhaps Kanzi lacks
anatomical and neuromotor features
that have evolved in hominins along
with stone knapping or perhaps
Kanzi is less able to copy a complex
motor sequence. From refits, we
know that the hominin knappers at
Lokalalei 2C all used the same or
very similar procedures of platform
identification and core rotation,84

which suggests that these hominins
may have been more adept at copy-
ing motor procedures than are Kanzi
and Panbanisha.
In sum, the tool-based activities of

Oldowan hominins fit easily into the
pattern of technology-based adapta-
tions documented for modern apes.
Indeed, tool-based activities appear
to be an important component of the
ape adaptive grade, with Oldowan
hominins being a derived variant.
We are not arguing that there were

no differences between early homi-
nins and other apes. The ape adapt-
ive grade encompasses gorillas and
bonobos, who demonstrate little tool
use; orangutans, who regularly make
and use tools; and chimpanzees, who
exhibit a great deal. One advantage
of an ape’s perspective is that it facil-
itates identification of characteristics
that were different. As in 1989, two
stand out: Oldowan hominins regu-
larly carried tools farther than any
living ape, occasionally much far-
ther; early hominins were either
direct or indirect competitors with
members of the carnivore guild,
which living apes are not.14 These
differences are not trivial. However,
they do not indicate that these homi-
nins were behaving in significantly
human-like ways. ‘‘At most one can
argue that the Oldowan pushed the
limits of ape grade adaptations; it
did not exceed them.’’1:394

Implications for Understanding
Early Hominin Evolution

The Oldowan was not a proto-
human technology. Indeed, there

was nothing uniquely or even espe-
cially humanlike about it, unless one
wishes to define human as the ability
to knap invasive flakes. The implica-
tions of this conclusion for the
understanding of human evolution
are significant:

The Oldowan was not a new
adaptive grade, but a variation on an
old one. As Wynn and McGrew
observed in the original article, this
assessment does not disparage Oldo-
wan hominins. Apes had been very
successful and very varied for mil-
lions of years before the advent of
flaked stone technology, and it is
likely that several were tool-users. It
is within this context that the Oldo-
wan should be understood.

Human-like technical elements
made their appearance after the Old-
owan. A noncomprehensive list
would include: curated tools
intended for repeated future use;
shape imposition and shared stand-
ards for shape; semiotic load, or the
use of tools to communicate infor-
mation about the tool user to other
tool users; linguistic instruction for
tool fabrication.

In a techno-behavioral sense, Homo
erectus sensu lato was the intermediate
form between ape and human. As an
extension of the ape adaptive grade,
the Oldowan can accommodate multi-
ple hominin agents, including Australo-
pithecus, Paranthropus, and Homo.
This perspective predicts that there
may have been technological traditions
developed by members of an ape clade
that produced an archeological record.
Not all archeological remains must be
assumed, a priori, to have been pro-
duced by hominins. Indeed, distin-
guishing ape from hominin archeologi-
cal records may be a problem.88 The
technology of Pan troglodytes and other
nonhuman primates offers a rich
source of ideas for modeling not only
the earliest hominin technology, but
also ape and hominin technology that
antedated 2.6 Ma.
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