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We examined the production of stone tools by capuchins (Cebus apella). 
Eleven subjects used five reduction techniques to produce 346 stone tools (48 
cores and 298 flakes). They produced a sharp edge on 83% of the cores and 
largest flakes. Three monkeys later used a sample of these objects as cutting 
tools. These results demonstrate that monkeys produce lithic tools analogous 
to those produced by Oldowan hominids. 
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INTRODUCTION 

A tool is an object which has been modified. The modification may 
or may not have been intentional, and the object itself may or may not 
have been used for a specific purpose (Schick and Toth, 1993). The ar- 
chaeological record indicates that hominids first produced stone artifacts 
approximately 2.5 million years ago, during the Oldowan technological 
stage. Oldowan artifacts include cores, flakes, and battered stones (Leakey, 
1971). Absent are the large biracial forms that characterize the Acheulean 
technological stage, which emerged approximately 1.5-1.7 million years ago 
(Isaac, 1982). 

The most widely used system for classifying Oldowan tool assemblages 
was developed by Leakey (1971). This system is based on the morphological 
characteristics and presumed functions of cores and flakes. Toth (1985) 
conducted replication experiments to determine the level of expertise that 
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is required for modern humans to produce Oldowan forms. He found that 
novice stoneworkers could produce most of the forms in Leakey's system 
and concluded that Lower Pleistocene hominids (Homo habilis and perhaps 
Australopithecus robustus) may have created similar forms simply as a con- 
sequence of flake production. Toth concluded that Oldowan artifacts 
represent technological "paths of least resistance" rather than preconceived 
"stylistic norms." 

Wynn and McGrew (1989) compared the material culture of Oldowan 
hominids with that of wild chimpanzees. The most striking difference was 
that Oldowan hominids used flaked stone tools, whereas most tools used 
by wild chimpanzees are produced from vegetation (Boesch and Boesch, 
1990). The authors noted many similarities between the two material cul- 
tures, including modes of artifact production, application of relatively 
simple spatial concepts, and gradation of manufactured tools. They con- 
cluded that all behavior patterns which can be inferred from the artifacts 
of early hominids fall within the range of the ape adaptive grade. In other 
words, Oldowan artifacts do not have characteristics that require human- 
like language abilities, shared knowledge of arbitrary design, or other 
sophisticated cognitive processes (Davidson, 1991). 

Capuchins (Cebus apella) use tools in numerous contexts. Instances of 
tool use that have been observed among wild capuchins include clubbing 
a snake with a stick and cracking open an oyster with a shell (Boinski, 
1988; Fernandes, 1991). In captivity capuchins use stones as pounding and 
cutting tools and as throwing implements (Westergaard and Suomi, 1994a- 
c). They employ several stone-reduction techniques and sometimes modify 
stones immediately before using them as tools (Westergaard and Suomi, 
1994b). 

We examined the production of stone tools by capuchins. Specifically, 
we sought to determine the characteristics of stone tools that they produce. 
Based on the extensive manipulative and tool-using propensities that have 
been demonstrated in capuchins (Beck, 1980; Chevalier-Skolnikoff, 1990; 
Visalberghi, 1990; Westergaard, 1994), we predicted that the monkeys 
would produce objects analogous to those that have been attributed to Ol- 
dowan hominids. 

METHOD 

Subjects. The subjects were 17 capuchins (Cebus apella) in four well- 
established groups. Included were 12 adults (7 males and 5 females), 4 
juveniles (3 males and 1 female), and an infant. Adults ranged in age from 
5.5 to 30 years, and juveniles from 1.5 to 3 years. The infant was 4 months 
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old. The subjects were experienced in experiments on the use and modifi- 
cation of stone tools (Westergaard, 1994). They were housed in indoor 
cages (2 x 1 x 2 m), which are constructed of metal beams and bars with 
hard plastic perches. The cage flooring consists of metal beams and solid 
mesh. We occasionally placed wooden dowels (2.5 x 10 cm) inside the 
cages. Food and water were available ad libitum. 

Materials. We collected quartz and quartzite stones (PeUant, 1992) 
near the National Institutes of Health Animal Center in Poolesville, Mary- 
land (U.S.A.). They weighed from 24 to 228 g (mean weight = 69 g). We 
chose to limit stone weight in order to avoid injury to animals on the cage 
floor when other animals dropped or threw stones from perches. 

Procedure. At the onset of each test session we placed between one 
and four stones on the floor inside a group's cage. We collected the stone 
material at the end of each session. We provided individual stones to the 
animals for <__33.5 hr in nine sessions (mean duration per stone = 8.0 hr 
and 2.4 sessions). We provided 48 stones over a 4-week period. An observer 
recorded the identities of subjects that used the reduction techniques de- 
fined in Table I. No human provided guidance to the subjects at any time. 

One week after the stone-reduction sessions were completed, we pre- 
sented 10 monkeys in two groups with a sample of stone artifacts and a 
container that held peanut butter that could be obtained only if the animals 
used a stone tool to cut through a plastic barrier (Westergaard and Suomi, 
1994a, b). We conducted 20 trials over a 2-hr period to demonstrate that 
the capuchins could use their flakes and cores as cutting tools. 

Analysis. We defined flakes as pieces removed from a stone core. We 
defined flaked cores as stones from which at least one flake >1 cm in width 
had been removed. Battered cores are stones with incidental damage. We 
considered the heaviest piece from each stone to be the stone's core. We 
determined the percentage difference in weight between cores and the 

Table I. Operational Definitions of Stone=Reduction Techniques 

Technique Operational definition 

Anvil 

Bipolar 

Throw 

Hard-hammer percussion 

Soft-hammer percussion 

Striking a stone against a cage structure 

Striking a stone against another stone positioned on a flat 
surface 

Throwing a stone against the floor 

Striking together stones held in each hand 

Striking a stone with a piece of wood (either held in each 
hand or positioned on a fiat surface) 
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stones from which they were produced, the number of flakes that originated 
from each stone, and the maximum dimension of each flake. We then 
tested the sharpness of the most acute flaked edge on each core and large 
flake (flakes with a maximum dimension >4 cm). A flaked edge was sharp 
if we could use it to cut cleanly through a sheet of plastic (0.1 mm thick). 

RESULTS 

The capuchins exhibited five stone-reduction techniques (Table II). 
They produced larger flakes when they used the anvil, bipolar, and throw 
techniques than when they used the hard-hammer and soft-hammer per- 
cussion techniques. Eleven subjects (seven adults and four juveniles) flaked 
stone. The infant struck stones against hard cage surfaces (perches, bars, 
and support structures). However, the infant's striking actions were not 
forceful enough to produce flakes. 

The capuchins modified each stone that we presented to them (Fig. 
1). They flaked 41 stones (85%) and battered 7 others (15%). On average, 
the monkeys reduced flaked stones 33% (range = 2 to 75%), and battered 
stones 3% (range = 0 to 13%), in weight. An independent group's t test 
indicates that the difference in weight reduction between flaked and bat- 
tered stones is statistically significant [t(46) = 4.08, p ___ 0.0002]. The subjects 
produced a sharp edge on 93% of the flaked cores and 29% of the battered 
cores. 

Table II. Stone-Reduction Techniques of Capuchins 

Percussion 

Age Hard Soft 
Subject class a Sex/' Anvil Bipolar Throw hammer  hammer  

Virgil A M x x x x x 
Morris A M x x x x x 
Pierce A M x 
Simon A M x x x 
Asian A M x 
Tigger A F x 
Carlina A F x 
Willie J M x x x x x 
Corey J M x x x x 
Mowgli J M x x x x 
Verner  J F x x x x 

aA, adult; J, juvenile. 
bM, male; F, female. 
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Fig. 1. A sample of stone tools produced by capuchins: (a) a core from which a single flake 
has been removed; (b) a core that has been flaked along two opposite edges; (c) a core that 
has been flaked along three adjoining edges; and (d) a core (right) and four flakes. The scale 
is in centimeters. 

We recovered 298 flakes (mean number of recovered flakes per stone 
= 6.2; range = 0 to 20). The maximum dimension of individual flakes 
ranged from 0.1 to 5.3 cm (Table III). The capuchins produced a sharp 
edge on all flakes >4 cm in length. 

Three capuchins (Jeb, Morris, and Virgil) used stone tools--flakes and 
flaked cores--for cutting in each of the 20 trials. They inserted artifacts 
into the apparatus and then pushed down in a back-and-forth motion 
(Westergaard and Suomi, 1994b). The sharp edges of flaked artifacts were 
most effective for cutting acetate. The animals did not show an obvious 
preference for selecting stone flakes versus flaked stone cores; however, 
larger artifacts (>4 cm in length) appeared to be most effective for use as 
tools in this experiment. 
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Table IlL Relative Distribution of Flake Sizes 

Maximum dimension N Relative percentage 

>4 and <6 cm 10 3 

>2 and <4 cm 59 20 

> 1 and ~2cm 85 29 

<1 cm 144 48 

Total 298 -- 

DISCUSSION 

Calvin (1992) suggested that throwing facilitated the use of tools by 
hominids because stone missiles would sometimes have fractured in close 
proximity to fallen prey. The sharp edges of these artifacts would then have 
been readily accessible for carcass processing activities. Our capuchins pro- 
duced stone artifacts by throwing, as well as by techniques which involved 
direct percussion. These techniques are believed to have been used by the 
earliest toolmaking hominids (Schick and Toth, 1993). It should be noted 
that throwing is the favored stone-flaking technique of a captive bonobo 
(Toth et al., 1993). Further research will be useful for determining the ex- 
tent to which throwing and other stone-flaking techniques are behavioral 
characteristics shared among phylogenetically diverse primate species. 

In many ways the capuchins' stone tool production skills were unso- 
phist icated relative to those of Ho m o  habilis as man i fe s t ed  in the  
archaeological record. The monkeys did not consistently search for acute 
core angles, use flake scars as striking platforms, or produce large flakes 
through direct hand-held percussion. Many of the capuchins' stone cores 
retain a high proportion of their original cortex and show marginal (non- 
invasive) flake scars. Most of their flakes are <_2 cm long, and only a few 
show evidence of retouching (modification after detachment). Toth et aL 
(1993) have noted similar limitations in the stone-flaking activities of a 
bonobo, and Wright (1972) described limited stone-flaking by an orangutan. 
These findings indicate that nonhuman primate stone-flaking skills are sim- 
pler than those of Homo habilis and other toolmaking hominids. We 
hypothesize that the earliest hominid or protohominid toolmakers were 
similarly constrained and that their artifacts would probably resemble stone 
tools produced by great apes and capuchins. Later refinement of relatively 
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simple stone-reduction techniques would have facilitated production of 
larger, more complex biracial forms. 

Paleoanthropologists have largely ignored the activities of nonhuman 
primates in reconstructing archaeological sites (McGrew, 1993). This is sur- 
prising because fossilized primates have been found at several locations 
where stone tools are believed to have been used in prehistoric times (Potts, 
1988). Wild capuchins consume a broad variety of foods and extract prey 
while foraging (Fragaszy, 1986; Izawa, 1979; Janson, 1985). Several authors 
have hypothesized that the destructive foraging habits of capuchins underlie 
their tool-using and toolmaking abilities (Parker and Gibson, 1977; Wester- 
gaard and Fragaszy, 1987). Wild capuchins use tools at least occasionally 
(Boinski, 1988; Chevalier-Skolnikoff, 1990; Fernandes, 1991), and we 
speculate that capuchins may produce and use stone tools within their New 
World habitat. 

We plan to conduct additional research on the lithic capacities of capu- 
chins. One project will illuminate more fully the range of contexts in which 
capuchins produce and use stone artifacts. A second project will examine 
the capuchins' abilities to transport and to cache stone material, a third 
will examine the archaeological sites that they produce when they use and 
manufacture stone tools (McGrew, 1992), and a fourth will examine the 
range of materials that capuchins will use as tools. We believe that the 
tool-using and toolmaking skills of capuchins provide an interesting model 
of analogous capabilities in prehistoric hominids and extant great apes. 
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