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Abstract

This study provides a taphonomic analysis of the largest known sample of bone fragments collected from chimpanzee hunts. The entire sam-
ple consists of 455 bone fragments from 57 chimpanzee hunting episodes of 65 prey individuals at Ngogo, Kibale National Park, Uganda. It has
low taxonomic diversity, consisting overwhelmingly of primates, especially red colobus monkeys. The age distribution of the prey remains is
skewed towards pre-adults. Cranial bones are the dominant element, followed by long bones. Axial postcranial elements have low survivorship,
with a complete absence of pre-caudal vertebrae. Bone is damaged in distinct ways, such as: destruction of long bone ends, typically with intact
but chewed shafts; fragmentation and compression cracking of crania; and preservation of only the iliac blades of the innominates. Tooth marks
are present but uncommon (4.4% of total NISP).

These analyses enable us to: 1) describe and characterize consistent patterns of bone damage inflicted by chimpanzees across a much larger
prey sample than has been previously studied; 2) make a preliminary comparison of the generalized chimpanzee taphonomic signature to that of
leopard and eagle consumption of primates, as well as modern human consumption of small mammals; and 3) assess the utility of such samples
for recognition of early hominin small mammal carnivory. We present a model that may be useful for detecting a pre-technological hominin
carnivory and suggest some fossil locales at which close inspection of cercopithecoid remains for the above patterns might reveal traces of hom-
inin hunting, though we caution that a pre-technological hominin hunted ‘‘assemblage’’ is not likely to be archaeologically visible.
� 2007 Elsevier Ltd. All rights reserved.
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Introduction

Studies of chimpanzee hunting behavior in the wild have
yielded considerable information about prey selection and
hunting participation, frequency, and success (e.g., Uehara,
1997; Stanford, 1998; Mitani and Watts, 1999; Boesch and
Boesch-Achermann, 2000; Watts and Mitani, 2002). Chimpan-
zees hunt vertebrate prey everywhere that they have been stud-
ied in any detail (Uehara, 1997; Table 1). While 38 species of
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nonhuman primates hunt and/or eat vertebrate prey, only
chimpanzees and baboons hunt in groups, stalk their prey,
and share meat (Strum, 1981, 1983; Butynski, 1982; Boesch
and Boesch, 1989; Stanford, 1998; Mitani and Watts, 1999).
The close evolutionary relationship between chimpanzees
and humans, as well as anatomical and possible niche similar-
ities, provides the rationale for using chimpanzee predatory
behavior to model the hunting ecology and behavior of pre-
technological hominins (e.g., Stanford, 1996, 1999).

Little is known about prey remains from chimpanzee hunts.
Analyses of such remains might provide insights into potential
early hominin prey remains in the paleontological record. Ob-
servations of chimpanzee predation at the Mahale Mountains
made note of bone refuse, but this was not systematically
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Table 1

Mammalian species eaten by chimpanzees

Family Species Location Country Chimp species

Insectivora Rhynchocyon cirnei Mahale Tanzania P.t schweinfurthii

Budongo Uganda P.t.schweinfurthii

Rodentia Cricetomys emini Mahale Tanzania P.t schweinfurthii
Thryonomys swinderianus Mahale Tanzania P.t schweinfurthii

Protoxerus and/or Heliosciurus Mahale Tanzania P.t schweinfurthii

Funisciurus sp. Gombe Tanzania P.t schweinfurthii

Unidentified small mouse or rat Gombe Tanzania P.t schweinfurthii
Squirrel Kahuzi-Biega Congo P.t schweinfurthii

Flying squirrel (Anomaluridae sp.) Nouabale-Ndoki Congo P.t.troglodytes

Anomalurus derbianus Tenkere Sierra Leone P.t.verus
Rat Ta€ı Ivory Coast P.t.verus

Anomalurus sp. Wamba and Lilungu Congo P. paniscus

Unidentified large squirrel Lomako Congo P. paniscus

Pholidota Pangolin? Nouabale-Ndoki Congo P.t schweinfurthii
Manis tricuspis Bossou Guinea P.t.verus

Chiroptera Eidolon sp. Lilungu Congo P. paniscus

Hyracoidea Heterohyrax brucei Mahale Tanzania P.t schweinfurthii

Artiodactyla Cephalophus monticola Mahale Tanzania P.t schweinfurthii
Budongo and Kibale Uganda P.t schweinfurthii

Lope Gabon P.t schweinfurthii

Cephalophus callipygus Kibale Uganda P.t.schweinfurthii
Cephalophus sp. Tenkere Sierra Leone P.t.verus

Nouabale-Ndoki Congo P.t.troglodytes

Lomako Congo P. paniscus

Tragelaphus scriptus Gombe and Mahale Tanzania P.t schweinfurthii
Potamochoerus porcus Gombe and Mahale Tanzania P.t schweinfurthii

Kibale Uganda P.t.schweinfurthii

Phacochoerus aethiopicus Mahale Tanzania P.t schweinfurthii

Carnivora Bdeogale, Mungos, Ichneumia sp. Mahale Tanzania P.t schweinfurthii
Viverra civetta Mahale Tanzania P.t schweinfurthii

Primates Procolobus badius Gombe and Mahale Tanzania P.t schweinfurthii

Kibale Uganda P.t schweinfurthii

Nouabale-Ndoki Congo P.t.troglodytes
Ta€ı Ivory Coast P.t.verus

Colobus guereza Budongo and Kibale Uganda P.t schweinfurthii

Colobus polykomos Ta€ı Ivory Coast P.t.verus
Tenkere Sierra Leone P.t.verus

Colobus satanus Lope Gabon P.t.troglodytes

Procolobus verus Ta€ı Ivory Coast P.t.verus

Cercopithecus mitis Gombe and Mahale Tanzania P.t schweinfurthii
Budongo and Kibale Uganda P.t schweinfurthii

Kahuzi-Biega Congo P.t schweinfurthii

Cercopithecus ascanius Kasakati, Gombe and Mahale Tanzania P.t schweinfurthii

Kibale Uganda P.t schweinfurthii
Chlorocebus aethiops Mahale Tanzania P.t schweinfurthii

Cercopithecus lhoesti Kahuzi-Biega Congo P.t schweinfurthii

Cercopithecus cephus Nouabale-Ndoki Congo P.t.troglodytes
Cercopithecus pogonias Nouabale-Ndoki Congo P.t.troglodytes

Cercopithecus diana Ta€ı Ivory Coast P.t.verus

Cercopithecus campbelli Tankere Sierra Leone P.t.verus

Lophocebus albigena Kibale Uganda P.t.schweinfurthii
Lope Gabon P.t.troglodytes

Cercocebus atys Ta€ı Ivory Coast P.t.verus

Papio anubis Gombe Tanzania P.t.schweinfurthii

Kibale Uganda P.t.schweinfurthii
Galago crassicaudatus Mahale Tanzania P.t.schweinfurthii

Galago senegalensis Mahale Tanzania P.t.schweinfurthii

Mt. Assirik Senegal P.t.verus
Perodicticus potto Ta€ı Ivory Coast P.t.verus

Mt. Assinik Senegal P.t.verus

Data from Uehara, 1997; Mitani and Watts, 1999; Newton-Fisher et al., 2002.
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recorded (Nishida et al., 1979; Kawanaka, 1982; Takahata
et al., 1984). More recent work documented: 1) bone modifi-
cation inflicted by captive chimpanzees on bovid and cervid
bones (Pickering and Wallis, 1997: hereafter called the ‘‘cap-
tive’’ sample); 2) damage to bones found in chimpanzee feces
at Kibale National Park (Tappen and Wrangham, 2000: the
‘‘fecal’’ sample); and 3) the bony remains of five red colobus
monkeys captured in a single hunting bout at the Gombe Na-
tional Park (Plummer and Stanford, 2000: the ‘‘Gombe’’
sample).

The most comparable of these studies to the hunting behav-
ior of pre-technological hominins is the Gombe sample. Plum-
mer and Stanford (2000) found that crania and mandibles had
high survivorship, followed by scapulae and long bones. They
observed a high proportion of crenulation and step fracturing
on long bones and ribs, and a tooth puncture in one of the cra-
nial specimens. As we will outline, their descriptions of chim-
panzee-hunted faunal assemblages are similar to ours: small
prey size, low taxonomic diversity, a focus on immature indi-
viduals, and a high frequency of skull bones. Our study sup-
ports all of these observations with a much larger sample size.

Chimpanzees of the Ngogo community, Kibale National
Park, Uganda, hunt frequently and are unusually successful
predators compared with chimpanzees at other sites (Mitani
and Watts, 1999; Watts and Mitani, 2002). The frequency
and success of hunting by chimpanzees at Ngogo furnish an es-
pecially good opportunity to collect bones modified by preda-
tion. In this paper, we describe the species composition, age
distribution, skeletal element distribution, and bone damage
patterns of a very large sample of prey remains from Ngogo.
The bone assemblage we analyze here is the largest chimpan-
zee-hunt refuse collection assembled to date. Our results permit
us to make generalizations about what chimpanzees do to prey
remains, compare these results to those from other small mam-
mal predators, and speculate about the utility of these remains
for recognizing small mammal hunting by early hominins.

Materials and methods

Study site and subjects

At an altitude of about 1400 meters above sea level, Ngogo
(Kibale National Park, Uganda) lies at an interface between
lowland and montane rainforest. Old growth forest,
characterized by a continuous canopy 25e30 meters high,
covers most of the Ngogo community territory, but human dis-
turbance has created some spots of regenerating forest and
grassland. At Ngogo, chimpanzees live sympatrically with
six other common diurnal primates who form their primary
prey (Table 2). These include two colobines (Procolobus bad-
ius and Colobus guereza) and four cercopithecines (Cercopi-
thecus ascanius, Cercopithecus mitis, Lophocebus albigena,
and Papio anubis). Three artiodactyls (Cephalophus monti-
cola, Cephalophus callipygus, and Potamochoerus porcus)
are frequently encountered at Ngogo and represent additional
potential prey for chimpanzees there.

The Ngogo chimpanzee community is extremely large and
included approximately 150 individuals between 1997e2004,
when behavioral observations and bone collections were con-
ducted. Like chimpanzees at other sites, the Ngogo chimpan-
zees form temporary parties that fluctuate in size. While mean
party size at Ngogo is 10 individuals (Mitani et al., 2002),
chimpanzees there congregate in much larger parties when
they hunt monkeys (mean¼ 24, SD¼ 9; Mitani and Watts,
1999).

Sample collection and bone identification

Bone fragments were collected at Ngogo by J.C.M. and col-
leagues while conducting behavioral observations of chimpan-
zees. Observers in the field recorded the date of the
chimpanzee kill, prey species, relative age, and where possi-
ble, the sex of the species being consumed. The chimpanzee
that made the kill and all others who participated in the con-
sumption of the animal were noted. The remains were col-
lected after the chimpanzees had finished eating and had
discarded the bone fragments on the ground. Although frag-
ments of small bones like phalanges and caudal vertebra
may have escaped detection, efforts were taken to collect the
bones as thoroughly as possible.

The entire sample was divided into two sub-samples col-
lected between 1997e2001 and 2002e2004, respectively.
Taxonomic and skeletal element identifications for some bones
were done in the field. Bone fragments from the 1997e2001
sub-sample were identified by B.L.P. with the assistance of
S. C. Antón using modern primate comparative material at
Rutgers University. Bone fragments from the 2002e2004
collection were identified by J.D. by comparing the bones to
Table 2

Diurnal primate species killed by chimpanzees at Ngogo

Species name Common name Density at Ngogo, Kibale

National Park (groups/km2)

Number of observed

kills (1995e1998)þ
Number of individuals present in this

bone assemblage (1997e2004)

Pan troglodytes Chimpanzee n/a 1 (infanticide) 1

Papio anubis Olive baboon 0.63 1 1

Colobus guereza Black and white colobus 0.55 11 3

Procolobus badius Red colobus 2.92 258 58

Cercopithecus ascanius Red-tailed monkey 6.23 10 5

Cercopithecus mitis Blue monkey 0.08 1 0

Lophocebus albigena Gray-cheeked mangabey 2.76 1 0

Data from Uehara, 1997; Mitani and Watts, 1999; Watts and Mitani, 2002; Sanders et al., 2003.
þ In addition, 10 ungulates and one guinea fowl were killed during this time.



Table 3

Bone modification identification criteria

Type of bone modification Description/identification criteria Reference

Mashed edges/ragged-edged

gnawing or chewing/

crenulated edges*

Uneven, irregular, jagged edges of long bones caused by intense,

sustained chewing, resulting in destruction of epiphyses

Binford, 1981: 51

Brain, 1981: 71e72

Maguire et al., 1980: 79e80

Lyman, 1994: 206e7

Fisher, 1995: 30

Pickering and Wallis, 1997: 1118

(photograph in Pickering and Wallis,

1997: 1119, Fig. 1)

Step fractures Static loading causes fracture fronts to ‘‘jump’’ when they contact

pre-existing split line cracks on bone cortices

Binford, 1981

Shipman et al., 1981

Johnson, 1985: 184

Marshall, 1989

Pickering and Wallis, 1997: 1118

(photograph in Pickering and Wallis,

1997: 1120, Fig. 2)

Peeling back of cortical

layers

Ragged, uneven surface with stepped layers of lamellae; can be

similar to weathering damage stages 1 and 2 (Behrensmeyer, 1978)

but does not cause flaking of cortical bone layers and does not

cause cracking parallel to the fiber of the bone structure;

individuals strips of bone are grasped between incisors and pulled

White, 1992: 140e143

Pickering and Wallis, 1997: 1119

(photograph in Pickering and Wallis,

1997: 1121, Fig. 3)

Fraying Crushed and cracked edges with a fringed appearance caused by

heavy mastication and probably accompanying slight dissolution

from sucking; similar to crenulated edges but 1) more likely to

occur on smaller, thinner bones, 2) resulting in deeper longitudinal

fissures emanating from bone edges towards center of bone, 3) often

with thin bone ‘‘peninsulas’’ jutting out at a parallel or oblique angle

to the rest of the bone (see Figs. 11 and 12)

Tappen and Wrangham, 2000: 227

(photograph in Tappen and Wrangham,

2000: 227, Fig. 7)

Tooth pits or punctures Circular to oval in plan form; crushed internal surface; decreasing

diameter as depth from bone surface increases.

Punctures (versus pits) occur when bone collapses under pressure

of teeth, often with flakes of the outer wall of the bone pressed

into the puncture

Maguire et al., 1980

Binford, 1981

Blumenschine and Selvaggio, 1988: 763

Lyman, 1994: 206

Blumenschine et al., 1996: 496

Tappen and Wrangham, 2000: 226

Tooth scores, striations,

gouge marks, scratches**

Short to elongated grooves; high breadth:depth ratio; shallow

U-shaped cross section; crushed internal surface; usually linear or

straight and perpendicular or transverse to the long axis of the bone.

Tooth scores occur when a tooth is dragged along the surface of a

bone leaving this elongated indentation

Maguire et al., 1980: 79e80

Haynes, 1980, 1983

Binford, 1981: 44e48

Bunn, 1981

Potts and Shipman, 1981

Shipman, 1981: 365

Shipman and Rose, 1983

Eickhoff and Herrmann, 1985

Lyman, 1994: 210

Blumenschine et al., 1996: 496

Tappen and Wrangham, 2000: 226

Tooth notches Lunate or crescent-shaped scars; semi-circular to arcuate shaped

indentations on fracture edges with corresponding negative flake

scars on medullary surfaces. Tooth notches are caused by static

loading by carnivore teeth during bone fracture

Maguire et al., 1980: 83

Binford, 1981: 66

Brain, 1981: 141

Bunn, 1982: 44

Haynes, 1982: 269

Potts, 1988: 113e116

Blumenschine and Selvaggio, 1991: 30

Capaldo and Blumenschine, 1994: 725e729

Lyman, 1994: 212

* In this paper, we include these previous descriptions of damage into a single damage category, crenulated edges.
** In this paper, we include these previous descriptions of damage into a single damage category, tooth scores.
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a complete juvenile red colobus monkey (Procolobus badius)
skeleton found at Ngogo and housed at the Paleontology Mu-
seum at the University of Michigan. The entire sample is now
housed at this museum under the care of W.J.S.

The original collection consists of bone fragments from 57
hunting episodes. Two kills were red duikers (Cephalophus
natalensis), each leaving one specimen, an innominate frag-
ment and a single tooth. These remains are not included in
the analyses here to insure the smallest possible variation in
damage patterns due to taxonomic, density, or structural differ-
ences. However, the damage to the red duiker innominate is
similar to the damage to the red colobus innominates. In the
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latter, the pelvic bone is broken and we recovered iliac blades;
in the former, we recovered the part of the ilium between the
acetabulum and iliac blade. The preserved fragments are sim-
ilar in size, and the differences in specific parts of the ilium
preserved probably relate to differences in the overall anatomy
in the two taxa, as the iliac blade is more capacious in mon-
keys. The third sample excluded from the present analysis
was the kill of a juvenile red colobus monkey which yielded
only hair. The analyzed sample, then, consists of 453 bone
fragments from 54 kills of 64 individuals.

Bone cleaning and bone damage identification

Most of the specimens from the 1997e2001 sub-sample
(hunts 1e30, N¼ 262 bone fragments) were at least partially
cleaned by B.L.P. with the aim of removing tissue in order to
inspect bone damage more closely. Bone fragments with ad-
hering flesh were soaked for up to a few hours in cool water.
Following this, adhering tissue was removed with care taken to
avoid inducing any further damage. Bones connected by soft
tissue were disarticulated and re-bagged with original articu-
lating units. We did not clean bone fragments from the
2002e2004 sub-sample (hunts 31e57, N¼ 192) to preserve
the original condition and flesh distribution for further study.
However, many specimens from this subsample have very lit-
tle flesh still adhering to them. Bone damage on all of the
specimens was investigated separately and then together by
B.L.P. and J.D. without magnification. B.L.P. then used
a 10X hand lens under high incident light to examine possible
damage to all bone fragments more closely. Bone damage was
identified according to previously published criteria (Table 3).
We quantify and refer separately to gross bone damage (cren-
ulated edges, peeling, fraying, step fractures, and tooth
notches) and tooth marks (pits, punctures, and scores).

Results

Chimpanzee prey consumption

Teleki (1973: 141) vividly described chimpanzee prey con-
sumption at Gombe National Park, Tanzania:

‘‘Small bones are thoroughly cleaned by sucking and scrap-
ing and are then chewed apart or discarded (and collected
by others); large bones such as those of arms and legs are
cracked between the molars, and the marrow sucked out
while bones themselves are gradually consumed.’’

At Ngogo, chimpanzees typically process bones in the same
manner. Ngogo chimpanzees often begin by disemboweling
adult prey and feeding on their viscera, sometimes while the
prey is still alive. They devour meat on the upper and lower
long bones and chew on the articular ends of each before suck-
ing out the marrow. Brains of adult prey are consumed last.
Processing an entire carcass is time consuming; it takes several
chimpanzees several hours to eat an adult monkey (Fig. 1).
Chimpanzees typically share meat acquired at hunts (Mitani
and Watts, 2001), and in such situations, hundreds of meters
can separate small clusters of individuals who consume differ-
ent parts of the same carcass.

Chimpanzee prey preference: red colobus

Chimpanzees eat a wide range of mammalian prey (Table 1).
Where chimpanzees have been studied for long periods of time,
however, they preferentially hunt primates, and particularly red
colobus monkeys (Procolobus badius). Although red colobus
make up 91% of the prey at Ngogo (Table 2), they do not live
at especially high densities there (Mitani et al., 2000). Redtail
monkeys reach densities that are three times higher than red co-
lobus, but they form only 4% of the total prey (Table 2). Thus,
chimpanzees do not prey upon red colobus in direct proportion
to their population density. Recently, Stern and Goldstone
(2005) found that red colobus monkeys take twice as long as
other monkeys when they prepare to leap from one branch to
another. This delay may allow chimpanzees to catch red colo-
bus more easily than other arboreal primates and may account
for the pattern of selective predation on them.

Ngogo assemblage: prey age and sex distribution

Chimpanzees at Ngogo take more pre-adult and female mon-
keys than one would expect given their proportional representa-
tions in the forest (Mitani and Watts, 1999; Watts and Mitani,
2002). These preferences are evident in the bony assemblages
(Figs. 2 and 3). Pre-adult individuals, including subadults, juve-
niles, and infants (Struhsaker, 1975), are the vast majority of
kills at Ngogo (Table 4, Fig. 2; 74% of behavioral observations
of kills, 65% of bony remains of kills). This result accords with
observations of the Gombe and fecal samples (Plummer and
Stanford, 2000; Tappen and Wrangham, 2000). Samples from
these sites consisted of 89% and 100% pre-adults, respectively.
At Ngogo, the ratio of adult females to adult males in kills ob-
served and the bone assemblage is 2.4 to 1 and 3.75 to 1, respec-
tively. However, there is no statistical difference between the

Fig. 1. Chimpanzee at Ngogo eating the limb of a red colobus monkey.
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proportions of females to males in the observed kills and the
bone assemblage (c2¼ 0.76, df¼ 1, p¼ 0.38).

Skeletal element representation

We analyzed 453 bone fragments of 64 individual primates
from 54 observed hunting bouts (excluding the two red duiker
kills). Four hundred five (89%) of these bone fragments were
complete enough to be identifiable to skeletal element. Of the
49 remaining bone fragments, 9 could only be identified as
long bones, and 40 could not be identified to skeletal element.
Tables 5 and 6 outline the distribution of skeletal elements and
anatomical regions represented in the bony assemblage.

Cranial elements dominate in terms of NISP (Numbers of
Identified Specimens) followed by ribs, caudal vertebrae,
and then several types of long bones (Table 5, Fig. 4). Pre-
caudal vertebrae are conspicuously absent. This finding may
be explained by previous analyses of the Gombe and fecal sam-
ples (Plummer and Stanford, 2000; Tappen and Wrangham,
2000). Vertebrae were found much more frequently in the fecal
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Fig. 2. Age distribution of bony remains of chimpanzee kills (this study) and

observed kills (Mitani and Watts, 1999, 2001) of red colobus at Ngogo.
sample from Kibale compared with the bony assemblage from
Gombe. In these two samples, vertebrae are underrepresented
both in adult and immature monkey prey, indicating that the
age of prey does not contribute to this pattern. Instead, these
patterns are likely a function of the relatively low bone density
of vertebrae versus other primate skeletal elements (Carlson
and Pickering, 2003). Additionally, these patterns could have
been caused by chimpanzees chewing pre-caudal vertebrae
more in order to access spinal tissue. There are no sacra or
carpals present in the Ngogo sample. The only tarsals, and
the vast majority of metapodials and phalanges, derive from
two articulated feet: one complete foot, and one foot without
the phalanges. This is consistent with the fecal sample that
had a relatively high proportion of phalanges (Tappen and
Wrangham, 2000). It appears that hands and feet are often
eaten and digested, or possibly dropped during consumption
and not recovered.

As percentages of NISP, heads (including mandibles) are
the most common body part (31%), followed by hind limbs
(27%), and torsos (20%). Forelimbs (13%) and hands and
feet (9%) are more poorly represented (Table 6). Values of
MNE (Minimum Number of Elements) are different: torso el-
ements are most common (29%) followed closely by legs
(25%), then arms (19%), heads (14%), and hands and feet
(14%). Ribs make up the bulk of the axial elements, and the
rest are caudal vertebrae. The dominance of legs over arms
in both NISP and MNE counts may be the result of easier de-
tachment of the arms at the shoulder joint followed by more
complete consumption, especially of juvenile prey.

Crania are the most fragmented elements; this results in
a dominance of cranial bones in terms of NISP, but not MNE
(Table 5, Fig. 4). The average and range of cranial fragmentation
(NISP/MNE) are not strongly affected by prey age (Table 7).
Following the cranium, the scapula, mandible, and innominate
are the next most fragmented elements, in that order.

Calculations of bone survivorship underscore the relatively
high representation of skulls, especially crania (57%), fol-
lowed by hind limb elements, then forelimb elements, as
well as the absence of vertebrae, except caudals (Tables 5

Table 4

Red colobus skeletal remains resulting from chimpanzee hunts versus ob-

served age-sex class distribution of chimpanzee prey at Ngogo

Skeletal samples collected Observation

Females Males Sex not

noted

Total % of

total

*Observed

kills

% of

total

Infant 0 0 13 13 23% 78 30%

Juvenile 0 0 18 18 32% 74 29%

Subadult 3 1 2 6 11% 38 15%

Adult 12 3 4 19 34% 68 26%

Total 15 4 37 56 100% 258 100%

* Observed kills from Watts and Mitani, 2002. Only 10 of the observed kills

in Watts and Mitani (2002) were then collected and included in the skeletal

sample; the remaining 46 skeletal samples were from unobserved kills. Age

of infant individual was determined by observer of chimpanzee kill not by

the degree of epiphyseal fusion of the long bones. Two kills, one each of ju-

venile and infant red colobus, yielded only hair remains with no bones; these

are not included in the above chart.
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Table 5

Red colobus prey skeletal elements: number of identified specimens (NISP), minimum number of elements (MNE), bone survivorship, and bone fragmentation

(NISP/MNE)

Skeletal

element

NISP % of total

NISP

Observed

MNE

% of total

MNE

Expected

MNE

% MNE

survivorship

Fragmentation

(NISP/MNE)

Cranium 126 31% 33 1% 58 57% 3.82

Mandible 13 3% 9 3% 58 16% 1.44

Clavicle 2 <1% 2 1% 116 2% 1.00

Scapula 9 2% 6 2% 116 5% 1.50

Humerus 19 5% 17 6% 116 15% 1.12

Radius 14 4% 14 5% 116 12% 1.00

Ulna 13 3% 13 4% 116 11% 1.00

Pelvis 16 4% 13 4% 58 22% 1.23

Sacrum 0 n/a 0 n/a 58 n/a n/a

Femur 27 7% 27 9% 116 23% 1.00

Tibia 25 6% 25 8% 116 22% 1.00

Fibula 13 3% 13 4% 116 11% 1.00

Carpals 0 n/a 0 n/a 464 n/a n/a

Tarsals 13 3% 13 4% 406 3% 1.00

Metapodials 10 2% 10 3% 290 3% 1.00

Phalanges 18 4% 18 6% 870 2% 1.00

Ribs 59 15% 59 20% 1392 4% 1.00

Cervical 0 n/a 0 n/a 406 n/a n/a

Thoracic 0 n/a 0 n/a 696 n/a n/a

Lumbar 0 n/a 0 n/a 406 n/a n/a

Caudal 28 7% 28 9% 1508 2% 1.00

Total 405 300 7598 4%

Percentage of total NISP and MNE were calculated by dividing the NISP or MNE of a particular skeletal element by the total NISP (405) or MNE (300) of the

entire sample. Percentage MNE survivorship was calculated by dividing the observed MNE value of a particular skeletal element by its expected MNE value. The

expected value is the number of times a particular skeletal element occurred in the 58 red colobus individuals in the sample including the 2 kills mentioned above

from which no remains were recovered. See Brain (1981) and Pickering (2001a) for use of this technique. Expected values for caudal vertebrae are derived from

Schultz (1961). Unidentifiable bones were excluded.
and 6, Fig. 5). Though ribs contribute disproportionately to the
overall NISP and MNE, they still have low survivorship. This
is consistent with the Gombe sample where crania have the
highest survivorship (60%) and axial postcranial elements
have the lowest survivorship (17e20%) (Plummer and Stan-
ford, 2000). However, in contrast to the Gombe sample, we
did not find mandibles or scapulae to have a particularly
high survivorship; the reason for this discrepancy is unclear.
Mandible survivorship was 40% at Gombe and 16% at Ngogo,
and scapula survivorship was 30% at Gombe and 5% at
Ngogo.

Bone damage

The low overall proportion of tooth marking (4.4% of
NISP) is consistent across the two sub-samples: the fully

Table 6

Distribution of anatomical regions represented in the red colobus prey

assemblage

Anatomical region NISP % total

NISP

MNE % total

MNE

% MNE

survivorship

Head (cranium, mandible) 139 31% 42 14% 36%

Torso (including tail) 87 20% 87 29% 3%

Arm (with scapula

and clavicle)

57 13% 55 19% 9%

Leg (with innominate) 121 27% 73 25% 13%

Hands and feet 41 9% 41 14% 2%
cleaned bone fragments (n¼ 9 tooth marked out of 262,
3.4%) and uncleaned bone fragments (n¼ 11 tooth marked
out of 192, 5.7%). Tooth marked specimens refer only to
bones with tooth pits, punctures, or scores; other types of dam-
age are analyzed separately. Table 3 outlines the criteria we
used to identify tooth marks as well as other types of bone
damage, and Table 8 lists the tooth marked bone fragments
from the Ngogo chimpanzee kill sample. It is worth noting
for comparative purposes that we found only one tooth notch,
on a subadult red colobus tibia.

Crania. Crania, especially cranial vaults, are highly frag-
mented resulting in many isolated pieces. All parts of the cra-
nium are present, but no single intact cranium is present. This
fragmentation probably occurred when the chimpanzees were
attempting to access the brain. Isolated maxillae are fairly
common, but no isolated primate teeth were recovered. Cranial
fragments are broken both between bones (along sutures) and
within individual cranial bones. The only three mainly intact
splanchnocrania (faces) are from adult prey (Fig. 6a). On these
specimens, all crania (especially orbits) are damaged even
more extensively than in crowned hawk-eagle kill samples
from Ngogo and the Tai forest in West Africa (Sanders
et al., 2003; McGraw et al., 2006).

Only 4 of the 126 cranial fragments exhibit chewing dam-
age (2 cleaned, 2 not cleaned). However, 27 specimens (21%)
have incipient fractures where fracture lines, likely from frag-
mentation, perpetuate incompletely through the bone (Fig. 6b).
This type of damage was described as compression cracking
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Fig. 4. Skeletal element abundance (MNE: black; NISP: grey) of bony remains from primate kills at Ngogo studied in this analysis.
and was observed on a single young juvenile cercopithecine
eaten by a crowned hawk-eagle (Sanders et al., 2003: 98).
Older juveniles and sub-adults in the eagle sample did not suf-
fer damage to their crania in the same way, but several cranial
remains show obvious signs of having been deformed by pres-
sure. Compression cracking is also observed in the Gombe as-
semblage (Plummer and Stanford, 2000: 358). Compression
cracking is found on both adult and pre-adult monkey speci-
mens from Ngogo, and may be indicative of, though certainly
not exclusive to, monkey bones modified by chimpanzees.

A single adult red colobus monkey cranial specimen has
a tooth puncture in the thin zygomatic bone posterior to the zy-
gomatic arch (Fig. 6c). The other tooth punctures in the cranial
sample are on an infant chimpanzee that was killed and
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cannibalized, rather than hunted, as are monkey prey. This
specimen has three tooth punctures: one in the occipital, one
behind the right supraorbital rim, and one above the right su-
praorbital. The total tooth-marked cranial NISP and MNE are
1.6% and 6.1%, respectively. All tooth marks on crania are
tooth punctures.

Mandibles. Mandibular breakage by Ngogo chimpanzees
generally resembles chewing damage by larger carnivores on
medium to large prey and by smaller carnivores on small
prey (Fig. 7; Blumenschine, 1986; Andrews, 1990: 56, mandi-
ble damage category C). Mandibular condyles are often miss-
ing, and coronoid processes, the attachment sites for the
temporalis muscles, are either entirely destroyed or damaged.
The lingual and inferior surfaces of several mandibular speci-
mens have damage consistent with the muscles of the floor of
the mouth (anterior digastric, mylohyoid, and the geniohyoid;
Swindler and Wood, 1982) being pulled away from the bone.
This damage pattern is consistent with consumption of the
tongue. On two of the mandibles, the inferior aspect of the
horizontal ramus is completely chewed off, presumably to ac-
cess the marrow under the cheek teeth. Three of the 13

Table 7

Fragmentation of primate crania by age class

Age class N Cranial NISP

Average Range

Infant 12 3.1 1e10

Juvenile 2 3.5 3e4

Subadult 5 4.6 1e12

Adult 12 3.7 1e10

N¼Number of individuals in that age class that had any cranial remains. The

average cranial NISP was calculated by summing the total number of cranial

specimens from all individuals in that age class and dividing by the number of

individuals in that age class. Two kill samples contained remains of two indi-

viduals with indistinguishable cranial elements, a juvenile and an infant; these

are not included.

Fig. 5. Percentage MNE survivorship of primate kills at Ngogo. See Table 5

for details on how percentage MNE survivorship was calculated. Skeleton out-

line from Kingdon (1974: 168), drawing of a black and white colobus monkey

skeleton.
mandibles (23%) exhibit tooth marks (Table 8): one has a score
on the lateral side of the left horizontal ramus; one has two pits
on the medial side of the horizontal ramus; and one has three
punctures on the left horizontal ramus (one on the medial side
and two on the lateral side).

Clavicles. The two clavicles in the Ngogo sample are from
two different adult red colobus monkeys. The cleaned clavicle
exhibits chewing damage on both ends (one end is crenulated
and the other frayed); the other clavicle that is not cleaned is
undamaged.

Ribs. Ribs are generally nearly complete with damage con-
centrated on one or both ends. Out of 59 ribs, only 19 (32%) do
not exhibit any damage; 13 of those 19 ribs are not cleaned.
Sixteen rib ends are frayed, one is peeled, one is step-fractured,
and 21 are crenulated. Both caudal and cranial ends are dam-
aged. Fourteen specimens (24%) exhibit transverse incipient
breaks. This may result from the chimpanzees swinging the
monkeys around and hitting them on trees or other objects
while killing them, especially younger prey (J.C.M., pers. ob-
serv.; Fig. 8). Surprisingly, there are no tooth marks found on
any ribs; it might be expected that removing the relatively
thin overlying muscle bodies from the rib cage would have
caused tooth marks.

Vertebrae. The only vertebrae present in the assemblage are
caudal (tail) vertebrae. Twenty-one of the 28 caudal vertebrae
(75%) come from two individual prey animals. These bones
are still articulated to each other and fleshed, making damage
on these specimens impossible to see. Of the remaining seven
isolated and cleaned specimens, six (86%) have longitudinal
fractures. None of these seven vertebrae examined exhibit
tooth marks.

Scapulae. Regardless of whether the scapulae are cleaned
(n¼ 7) or not (n¼ 2), they are damaged in a consistent man-
ner: the glenoid is missing, possibly consumed while access-
ing the arm, with either incipient fractures and/or crenulated
edges present around the margin of the scapular blade
(Fig. 9). Similar damage is illustrated in a figure but not de-
scribed by Plummer and Stanford for the Gombe sample
(2000: 357). The scapulae do not exhibit any tooth marks.

Innominates. The innominates exhibit distinctive damage.
Every one of the 16 innominates (5 cleaned, 10 not cleaned)
is reduced to its iliac blade (Fig. 10). Presumably, the pubes
and ischia were consumed while the chimpanzees were access-
ing the monkeys’ pelvic organs and abdominal tissues. Six of 16
ilia (37.5%) exhibit crenulated edges or fraying on the posterior,
superior, and lateral edges where the gluteus medius muscles
originate. Also, the superior aspect of the acetabulum, where
femoris and gluteus minimus muscles originate in cercopithe-
coids, is often frayed. Some of this damage may have occurred
while lower limbs were being disarticulated from the rest of the
carcass. Four of the 16 (25%) ilia are tooth marked (one cleaned,
three not cleaned). The five tooth marks on these ilia, including
one puncture, one pit, and three scores, are located on or near the
auricular surface on the medial side of the iliac blade (Table 8).

Long bones. As reported in other studies (Pickering and
Wallis, 1997; Plummer and Stanford, 2000), long bones
chewed by chimpanzees at Ngogo exhibit distinctive damage
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Table 8

Tooth marked bones from chimpanzee kills at Ngogo

Skeletal element Prey (kill number) Type and location of tooth mark(s)

Cranium (face) Adult female red colobus (#10) Tooth puncture on thin bone (lateral)

Cranium (top) Infant chimpanzee (#57) Three tooth punctures: one in the occipital, one

behind the right supraorbital rim, and one

above the right supraorbital

Mandible Adult female red colobus (#1) Tooth score on lateral side of left horizontal ramus

Mandible Adult female redtail (#3) Two pits on medial side of the horizontal ramus

Mandible Adult male black and white colobus (#4) Three punctures on left horizontal ramus

(one medial, two lateral)

Innominate Adult female red colobus (#31c) Tooth score, near margin

Innominate Juvenile red colobus (#11) Tooth pit on iliac tuberosity, anterior

Innominate Subadult female red colobus (#51) Tooth score, lateral

Innominate Subadult female red colobus (#51) Two tooth scores, lateral

Femur Adult male red colobus (#42) Three tooth scores, shaft

Femur Juvenile red colobus (#34) Tooth score, shaft

Femur Subadult female red colobus (#33) Three tooth scores, all associated with chewed

metaphysis end

Humerus Adult female red colobus (#10) Two tooth pits on humeral head

Humerus Infant red colobus (#5) Tooth score near chewed metaphysis end

Humerus Infant red colobus (#18) Tooth score, shaft

Radius Adult female red colobus (#2) Tooth pit, associated with chewed metaphysis end

Fibula Adult female redtail (#49) Two tooth scores, one shaft, one near chewed

metaphysis end

Long bone Adult male red colobus (#32) Tooth score near frayed edge

Non-identifiable bone Adult male red colobus (#55) Two scores in association near broken edge of bone
patterns. At least one end of nearly all long bone specimens
from Ngogo is destroyed (117 out of 120; 98%), leaving char-
acteristic fraying, step fracturing, and crenulation on the ends
of the remaining diaphyses (Fig. 11). The Ngogo sample has
a higher frequency of missing limb ends (98%) than the
Gombe sample where 62.5% of the long bone ends were
chewed off (Plummer and Stanford, 2000). This damage pat-
tern seems to result from chimpanzees chewing off the greasy,
less-dense limb ends in order to suck out the marrow from the
long bone shafts (J.C.M., pers. observ.).

Nearly half of the total sample of tooth marked specimens
from Ngogo (9 out of 20; 45%), defined as a specimen with at
least one tooth mark present, are long bones (four cleaned, five
not cleaned; Table 8). These include three femora (not
cleaned, with seven scores); three humeri (all cleaned, with
three pits and two scores); one radius (cleaned, with one
pit); one fibula (not cleaned, with two scores); and one long
bone (cleaned, with one score).

We can relate long bone damage patterns, particularly
on the tibiae, to removal of particular muscles during con-
sumption. On the majority of the tibiae present in the assem-
blage, the proximolateral side of the bone was broken away,
but the proximomedial side was still present and usually
bent posteriorly (Fig. 12). The lateral side of the proximal
end of the tibia is where the tibialis anterior, fibularis longus,
and extensor digitorum longus muscles originate. Damage on
the medial side may be a product of the chimpanzee pulling on
the semimembranosus or popliteus muscles that insert on the
medial side, and would result in a posterior bending of the
bone if the muscles were torn from their origins.

Tarsals, metapodials, and phalanges. All of the tarsals and
nearly all of the metapodials and phalanges in this sample derive
from two articulated feet of adult red colobus that still have some
fascia covering the bones. The single metapodial from a different
individual is crenulated on the ends, and one of the metapodials
from the foot missing the phalanges has a small amount of bone
missing on the distal end. Besides the articulated feet, there are
three phalanges from two different juvenile red colobus individ-
uals. Two of these from one individual, an intermediate and dis-
tal phalanx, exhibit longitudinal fracturing and fraying,
respectively. The third, a distal phalanx from a different individ-
ual, has no damage. None of the tarsals, metapodials, or phalan-
ges exhibit tooth marks.

The fecal sample also had a low proportion of modified or
gastrically corroded hand and foot elements (17%; Tappen and
Wrangham, 2000). Interestingly, there is also an absence of
corrosive damage from digestion on baboon hand and foot
bones fed to leopards and hyenas (Pickering, 2001b), but the
mechanisms accounting for the lack of damage on hand and
food bones in the Ngogo sample versus the carnivore and fecal
samples are different. In the Ngogo sample, the low damage
on these elements is probably due to chimpanzees dropping
or abandoning these parts, while in carnivore scat, it is proba-
bly because the skin acted as a protective barrier during inges-
tion (Tappen and Wrangham, 2000; Pickering, 2001a,b).

Discussion

The Ngogo sample exhibits specific taphonomic patterns that
we contend are characteristic of a chimpanzee-modified prey as-
semblage. These patterns include low taxonomic diversity (in
this case, with a predominance of red colobus monkeys) and
an age distribution skewed towards pre-adults. The skeletal re-
mains are dominated by cranial bones, followed by long bones,
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Fig. 6. (a) All of the relatively intact red colobus cranial (face) specimens from the Ngogo assemblage. (b) The entire sample of cranial remains from a single adult

red colobus from the Ngogo assemblage. Note conspicuous compression fracturing on the second specimen from the left. (c) Maxilla of an adult female red colobus

with two tooth punctures indicated by the arrows.
and ribs. Pre-caudal vertebrae are absent. Long bone epiphyses
are usually chewed off, leaving fraying, peeling, and crenulated
edges on the diaphyseal ends. Cranial bones are highly frag-
mented and often exhibit compression cracking, and innomi-
nates are destroyed except for iliac blades. Tooth marks are
uncommon (4.4% of total NISP; 3.4% of cleaned bone frag-
ments, 5.7% of uncleaned bone fragments).
The comparative approach

Three factors make it difficult to compare frequencies of
particular types of bone modification among studies of chim-
panzee taphonomy. First, some publications did not describe
particular categories of bone damage. For example, Tappen
and Wrangham (2000) do not report peeling, but did report
Fig. 7. A series of mandibles from the Ngogo sample. Note the destruction of most of the vertical rami (white arrows) and the damage to some of the inferior

aspects of the horizontal rami (grey arrow), both leaving crenulated edges.
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fraying; the opposite is the case for Pickering and Wallis
(1997) and Plummer and Stanford (2000). Whether this is be-
cause these types of damage were not present in the Gombe
assemblage, or because the researchers called them something
else, is unclear. Pickering and Wallis reported all damage they
observed in the captive assemblage (Pickering, pers. comm.),
and this is presumed for the other studies. Second, previous
studies did not consistently state whether a bone fragment
could exhibit more than one damage category (e.g., Pickering
and Wallis, 1997, Table 2), making cross-assemblage patterns
of overall damage frequencies, defined by NISP with damage,
problematic.

Third, for the purpose of establishing a recognizable taph-
onomic signal of chimpanzee consumption of small prey, it is
necessary to compare damage patterns from the Ngogo assem-
blage to that of other predators on similar sized prey. These
predators include small carnivores (Andrews and Nesbit-
Evans, 1983; Andrews, 1990; Elkin and Mondini, 2001),

Fig. 8. A series of ribs from the Ngogo sample. Note the transverse incipient

fractures on all of the specimens indicated by the white arrows.

Fig. 9. Scapulae from the Ngogo sample (left from a juvenile, right from an

adult). Note the absence of the glenoids (white arrows) and chewing damage

resulting in crenulated edges (grey arrows) on the scapular blades.
leopards (Simons, 1966; Brain, 1981; de Ruiter and Berger,
2000; Pickering and Carlson, 2002; Carlson and Pickering,
2003, 2004), black and crowned hawk-eagles (Brain, 1981;
Berger and Clarke, 1995; Sanders et al., 2003; McGraw
et al., 2006), and humans (Binford 1978, 1981; Maguire
et al., 1980; Brain, 1981; Gifford-Gonzalez, 1989; Oliver,
1993; Elkin and Mondini, 2001; Landt, 2004). Comparing
general skeletal element patterns or tooth mark frequencies
among prey assemblages of very disparate sizes is inappropri-
ate because mammalian predators normally have specific prey
size ranges. Even if overall skeletal element profiles and dam-
age patterns are similar, the prey size ranges from which the
skeletal element profiles are generated are not. For example,
it is uninformative to compare bone damage patterns of lions
and hyenas to that of chimpanzees with the aim of identifying
unique taphonomic aspects of each predator. Lions and hyenas
almost always completely consume prey the size of red colo-
bus monkeys (B.P., pers. observ.). For these reasons, we com-
pare the damage on primates inflicted by chimpanzees to
damage on similar sized prey inflicted by leopards, hawk-
eagles, and humans.

Skeletal element frequencies. Skeletal element frequency
data are useful for cross-assemblage comparisons. Naturally,
though, there may be taphonomic factors that affect assem-
blages in different ways. For instance, while skeletal element
profiles of leopards feeding on baboons are conditioned by in-
trinsic properties of bones, such as bulk mineral density and
volume, there is a bone size threshold beneath which density
contributes little to mediating predator damage to and destruc-
tion of skeletal elements (Carlson and Pickering, 2003). We
think that skeletal element frequency comparisons are most
useful between assemblages that 1) include full versus partial
carcasses in order to maximize skeletal element profile compa-
rability; 2) are based on the same type of collection (e.g., scats,
dens) in order to minimize possible differences based on col-
lection type versus predator identity; and 3) report systematic

Fig. 10. A series of innominates from the Ngogo sample. Note the consistent

damage and how ilia are the only bones present. Also note the chewing dam-

age leaving crenulated edges around the superior margins of some of the ilia

(white arrows).



626 B.L. Pobiner et al. / Journal of Human Evolution 52 (2007) 614e636
Fig. 11. A series of limb bones from Ngogo with the characteristic damage pattern of chewed off epiphyses and damaged (frayed e white arrows, peeled e white

triangles, and crenulated e grey arrows) limb bone cylinder ends.
NISP or MNE data, or derivations of these counts, making
direct comparisons possible.

For the Ngogo sample, given the above recommendations,
the only possible comparisons are with 1) baboon bones found
in leopard-inhabited caves in Kenya (Simons, 1966), and 2)
a ‘‘refuse’’ assemblage derived from 10 baboons fed to captive
leopards (Pickering, 2001a). In both instances, the prey bones
are from a single species of primate, eliminating potential bias
due to differences between prey species. Additionally, similar
kinds of data are available for the assemblages including each
skeletal element’s percentage of the total NISP (Simons, 1966;
Fig. 13) and percentage of MNE survivorship (Pickering,
2001a; Fig. 14). However, if any dismemberment of the ba-
boons occurred prior to their carcasses reaching the caves,
skeletal element frequency would have been altered by trans-
port rather than consumption, making this a more problematic
comparison. Also, the assemblage from the caves in Kenya is
likely a palimpsest with multiple unrelated samples that accu-
mulated over a significant time interval.

Many similarities exist between these chimpanzee- and
leopard-modified primate assemblages including: 1) a predom-
inance of cranial remains; 2) higher representation of hind
limb versus forelimb elements; 3) more upper (femur, hu-
merus) versus intermediate (tibia, fibula, radius, ulna) limb
bones. The leopard cave and Ngogo chimpanzee kill assem-
blages are especially similar in the absence or low preservation
of carpals and poor preservation of pre-caudal vertebrae, and
the rank orders of the proportions that each skeletal element
contributes to the total NISP in the two samples are similar
(Rs¼ 0.6110, p¼ 0.0025; Fig. 13). However, the relatively
high representation of ribs in the Ngogo sample differs from
the leopard cave sample. The rank orders of percentage
MNE survivorship of skeletal elements from the Ngogo sam-
ple and the refuse assemblage are also similar (Rs¼ 0.8023,
p< 0.0001; Fig. 14).

Bone damage patterns. Several authors have cautioned
against the automatic attribution of all mastication damage
at early archaeological sites to carnivores, and have suggested
that there could be convergence of hominin and carnivore
chewing damage patterns (e.g., Pickering and Wallis, 1997;
White, 1992). While we agree that further investigation of
bone damage patterns by different taphonomic agents to iden-
tify unique taphonomic ‘‘signatures’’ of involvement by differ-
ent predators is useful and commendable, we cannot
overemphasize the necessity of considering prey size in taph-
onomic analyses. While the overall ‘‘patterns’’ of bone dam-
age (e.g., skeletal element profiles and intra- and inter-bone
damage patterns such as a preponderance of limb shafts versus
limb ends) by chimpanzees, eagles, some smaller carnivores,
and humans may be similar, most larger carnivores that have
been implicated in the formation of archaeological sites, espe-
cially spotted hyenas, possess completely different bone de-
struction capabilities than other predators. Therefore, we
fully agree with Pickering and Wallis (1997) that a contextual
or configuration approach must be taken when analyzing bone
damage patterns to include variables such as site setting, prey
species, and prey size. To this end, we also stress the utility of
naturalistic observations of predator bone modification
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whenever possible over experiments employing artificial prey
samples that predators are not expected to encounter naturally.

1. Small carnivore bone damage. In an experiment feeding
sheep bones to Pampa or Azara’s red foxes, Elkin and Mondini
(2001) found tooth marks on 3 of 12 ribs (25%), 2 of 3 scap-
ulae (66%), 2 of 3 humeri (66%), 2 of 3 ulnae (66%), 1 of 3
radii (33%), 2 of 6 carpals (33%), and none of the vertebrae.
The total tooth marked NISP is 12 out of 30 (40%), much
higher than the tooth-marked NISP at Ngogo (4.4%).

2. Leopard bone damage. Simons (1966) noted leopard
chewing damage on various parts of baboon crania from caves
in Kenya including the lateral pterygoid plates (68%), zygo-
matic arches (54%), and supraorbital rims (36%). He also
noted tooth marks in the outer borders (63%) and inner walls
(45%) of the orbits and on one or both sides of the rostrum
(54%). He also observed a number of skulls with small tooth
pits on the occipitals, parietals, and temporals. The high pro-
portion of damage by leopards on baboon crania relative to
other skeletal elements is similar to that of chimpanzees that
inflict significant amounts of damage on colobus monkey cra-
nia, though leopards inflict even higher damage frequencies to
crania (up to 68% for leopards versus 24% for chimpanzees,

Fig. 12. The two tibiae from an adult red colobus from the Ngogo sample, an-

terior view. Note the consistent damage including the missing epiphyses and

fraying (white arrows) and the pulling outwards of the proximomedial limb

ends (grey arrows).
including incipient fractures). Simons (1966) noted that only
one juvenile baboon brain was accessed indicating an inability
of the leopard to fragment adult baboon crania. Simons (1966)
mentioned that 13 of the 14 mandibles examined had one or
both of their ascending rami chewed off, similar to the Ngogo
assemblage, but with a higher proportion of damage on man-
dibles in the leopard sample. He observed chewing damage on
‘‘several’’ baboon vertebrae, noted that scapular blades were
‘‘usually’’ chewed, and noted that the ends of the limb bones
were ‘‘usually’’ chewed off. In Simons’ (1966) sample, 21 of
32 (66%) proximal femora, 20 of 32 (63%) distal femora, 7 of
8 (88%) proximal tibiae, and 5 of 8 (63%) distal tibia ends
were missing. He did not note any damage on the few hand
and foot bones recovered. Brain (1981: 296e297) also listed
skeletal elements present for four leopard lair assemblages,
and noted damage to some, but did not describe this damage
in detail.

Leopard damage to baboons shares many similarities to
chimpanzee damage to red colobus monkeys. However, the
size difference between larger baboons (11e50 kg, Kingdon,
1974) and smaller red colobus monkeys (7.5e12.5 kg, King-
don, 1974) suggests that characterizing leopard damage to
smaller primate prey would be an even more useful comparison.

3. Eagle bone damage. The remains of hyraxes, the pre-
ferred prey of black eagles in more open country or rocky set-
tings, include mainly cranial parts, innominates, and a few
limb bones (Brain, 1981). Their crania exhibit characteristic
damage where the braincases are opened from the back or
side by the eagles’ beaks to remove the brain. This pattern
is unique to these birds of prey and not seen in the Ngogo
chimpanzee kill sample. Damage to hyrax mandibles by black
eagles is also common. Berger and Clarke (1995) observed
similar damage by black eagles to vervet monkey skulls as
Brain (1981) saw on hyraxes, and their description of damage
by black eagles to vervets is largely consistent with Brain’s
(1981) descriptions of damage to hyraxes.

Sanders et al. (2003) recorded very low frequencies of bone
damage by crowned-hawk eagles to cercopithecoid prey at
Ngogo (<50% for nearly all skeletal elements of all prey spe-
cies; cf. McGraw et al., 2006, in the Tai forest sample). At
Ngogo, most adult crania were intact but damaged and accom-
panied by mandibles, though maxillae were sometimes missing
(Sanders et al., 2003). Adult monkey crania in the Ngogo
eagle kill sample, which have the highest bone survivability
of all of the skeletal elements (especially in pre-adult individ-
uals), show only subtle signs of damage with few notable
marks except for punctures around the orbits and breakage
to access the brain. An independently collected prey sample
from the Tai forest had signs of slightly more aggressive ma-
nipulation from eagle talons and beaks (McGraw et al., 2006),
but this is still minimal compared with the chimpanzee-
damaged sample from Ngogo.

Signs of eagle manipulation at Ngogo and Tai included
punctures, talon nicks, and ‘‘can-opener’’ perforations. The
latter two are apparently unique to eagle-modified prey
(Brown, 1971; Andrews, 1990; McGraw et al., 2006; Trapani
et al., 2006). At Ngogo, eagles tore open juvenile and infant
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splanchnocrania, one of which showed compression cracking
similar to that seen in the Ngogo chimpanzee-modified assem-
blage (Sanders et al., 2003; Trapani et al., 2006). Mandibles at
Ngogo were commonly left undamaged (78%), and the two
mandibles that were damaged each had only one modified ra-
mus (Sanders et al., 2003). At Tai, nearly all mandibles were
undamaged (McGraw et al., 2006). In contrast, nearly all scap-
ulae from assemblages at Ngogo and Tai had a unique damage
pattern of shattering and raking (Sanders et al., 2003; McGraw
et al., 2006) not seen in the Ngogo chimpanzee kill assem-
blage, but observed in other predatory bird assemblages
(Andrews, 1990).

Long bones at Ngogo are mostly undamaged by eagles, and
a few are minimally damaged on their articular ends (32 to
46% and 24 to 34% in forelimbs and hind limbs, respectively).
This is very different from the Ngogo chimpanzee kill
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assemblage where 98% of limb articular ends are chewed off.
Also, there are occasionally midshaft fractures on forelimbs
(17e23%) and hind limbs (11e16%) in the eagle sample.
This is not observed in the chimpanzee kill assemblage from
Ngogo, nor is the unique damage described above to crania
and scapulae.

4. Human bone damage. Modern human damage to the
skeletal remains of small prey has not been investigated as
systematically as in carnivores, but there are several relevant
studies. We do not here consider human and chimpanzee
experimental gnawing damage to bird bones (e.g., Weisler
and Gargett, 1993; Landt, 2004) because of structural differ-
ences in mammalian versus avian bones. In addition, many
of the human groups studied used metal knives and sometimes
boiled the small mammals they ate to extract the marrow and
grease (e.g., Oliver, 1993; Landt, 2004; Nicholson, 2005). This
changes how they process these prey animals and renders
strict, quantitative comparisons of bone damage patterns inap-
propriate. For instance, in only 39% of the marrow-bearing
long bones in Landt’s (2004) small mammal sample (which
included blue duikers, brush-tailed porcupines, giant pouched
rats, and murid rats and mice) was access to marrow attained,
and very few long bone cylinders were present. This propor-
tion is much lower than in the Ngogo chimpanzee kill assem-
blage where 98% of long bones had missing ends indicative
of marrow exploitation. This difference is probably because
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metal knife technology precludes the removal of edible tissue
using only hands and teeth, the latter likely causing higher
levels of bone damage.

Still, descriptive accounts of human gnawing damage on
cooked bones are useful to determine what humans can do
to small mammal bones. Binford (1978, 1981) observed Nuna-
miut chewing the margins of vertebrae, ribs, innominates, and
scapulae, which sometimes resulted in mashed edges and
pitting. He also observed the Nunamiut fairly commonly
gnawing on short rib sections during fresh meat consumption.
He noted human gnaw marks on spinous processes of thoracic
vertebrae and proximal margins of scapulae on ‘‘soft’’ bones
of immature individuals. He found punctures to be rare and
scoring absent but noted crenulated edges and step fractures.
Gifford-Gonzalez (1989) noted bone damage to 10 caprine
limb bones consumed and discarded by Kenyan pastoralists
with one tooth score (0.5%, N¼ 2010 identifiable bones).
Rather than a particular pattern of damage or observed con-
sumption, Gifford-Gonzalez (1989) attributes the damage on
these bone specimens, nine of which were bone cylinders, to
humans based on 1) lack of evidence for carnivore consump-
tion, and 2) bones with similar damage in her sample of
human butchered and consumed bones. She does not describe
the human chewing damage, but notes that it is always on the
ends of the bone cylinders. Brain (1981) noted that Khoikhoi
people gnawed and swallowed goat caudal vertebrae and
severely damaged the ends of limb bones such as femora
and metapodials. Maguire et al. (1980) found ragged-edged
chewing damage (similar to that caused by hyenas) on goat
bones eaten by Khoikhoi, especially on scapulae and pelves.
They also noted crushing damage by human teeth on some
of the goat bones. Elkin and Mondini (2001) found human
tooth marks on 48% of bones from a ‘‘barbecue’’ feeding
experiment: 9 of 12 ribs, 2 of 12 vertebrae, 2 of 3 scapulae,
2 of 3 humeri, and 1 of 3 ulnae. Three radii and 6 carpals
were undamaged. Gnawing by Hadza foragers prior to scaven-
ger activity produced high frequencies of postcranial damage
with almost 79% of dik-dik bones (54 ribs and 2 metapodials)
broken (Oliver, 1993).

In a sample of capuchin monkeys roasted and eaten by Aché
foragers, damage to most of the crania was similar to that seen
in the Ngogo sample. In this sample, access to the brain left the
face relatively intact with breaks along the sagittal suture and
the braincase fragmented or missing (Nicholson, 2005: 41,
Fig. 5.1). Tooth marks and chewing damage were not studied,
but 33% of all monkey and coati long bone specimens (N¼ 73)
were modified into bone cylinders for bone marrow access
mainly by breakage with metal tools. Long bone cylinders
with cut or sawed ends have been recognized as a human-
induced damage pattern in other small mammal faunal assem-
blages (e.g., Jones, 1983; Gifford-Gonzalez, 1989; Hockett,
1991).

Central African Republic Bofi foragers boiled blue duikers,
brush-tailed porcupines, and giant pouched rats they hunted,
but they roasted the murid rats and mice over open flames
(Landt, 2004). For all prey, frequencies of tooth-marked
bone specimens ranged from 12.0% to 34.8%. Ribs, thoracic
vertebrae, and innominates of all prey were the most often
damaged during mastication (based on NISP counts). Unlike
the Ngogo assemblage, in which 98% of the long bones
were missing at least one epiphysis, very few long bones in
the Bofi assemblages (2/119, 1%) were classified as true
bone cylinders or had both ends removed yet retained some
cancellous matrix (6/119, 5%). The remaining long bones
were either complete, sometimes with minimal damage on
the epiphyses (68/119, 57%), or exhibited midshaft breaks
(43/119, 36%).

Clearly, boiling and pot-sizing strongly affect these human-
modified samples likely resulting in the low frequency of dam-
age on limb ends compared to the Ngogo assemblage. How-
ever, the above studies find a much higher overall proportion
of tooth marking on human-chewed samples compared with
Ngogo. More systematic studies of human mastication damage
to small mammals, especially without the assistance of metal
knives or boiling, would help demonstrate unique versus
shared features of human and chimpanzee chewing damage
patterns.

5. Synthesis. We did not set out to undertake a comprehen-
sive comparative study of chimpanzee, raptor, and non-pri-
mate mammalian predator taphonomy of kill assemblages.
Nonetheless, we note that there are salient differences in taph-
onomic kill signatures made by mammalian and avian preda-
tors. We focus here on raptors, leopards, and chimpanzees.
Studies of modern human mastication damage to small prey
are largely distinguishable by metal knife cut marks and traces
of burning or boiling on bones; these are not described in de-
tail here. Additionally, human bone modification of small prey
tends to leave a much lower frequency of long bone cylinders
than does chimpanzee mastication (6e38% in the former versus
98% in the latter; Landt, 2004; Nicholson, 2005; this study).

Studies of raptor predation on mammalian prey, particularly
of crowned hawk-eagles killing cercopithecoid monkeys, show
that they have a distinctive taphonomic signal. Their kill as-
semblages are generally comprised of materials that drop
from their nests, representing the best chance for a substantial
accumulation of bones. These remains are characterized by:
a high survivability of cranial and limb elements, particularly
hind limb bones (especially the femur and tibia); poor surviv-
ability of axial postcranial elements, small bones from the ma-
nus and pes, and clavicles; scapulae with raking damage to the
vertebral border of the blade; long bones remaining largely
whole except for occasional damage to epiphyseal ends; crania
showing punctures, nicks, and ‘‘can-opener’’ perforations pro-
ducing bony flaps; adult crania remaining essentially com-
plete; subadult and juvenile crania frequently having the
skull base (and sometimes the splanchnocrania) removed; in-
fant crania disarticulated along sutural lines and frequently
missing their facial elements; mandibles with a lower survival
rate than crania (thus, not very many associated crania and
dentaries); and cranial perforations concentrated in and around
the orbits, laterally behind the orbits, and in the basicranium
(Sanders et al., 2003; McGraw et al., 2006; Trapani et al.,
2006). In addition, their kill assemblages usually are domi-
nated by one type of animaldat Ngogo, Uganda, and Tai
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Forest, Ivory Coast, these are small-medium-sized cercopithe-
coid monkeys, and in more open country settings the preferred
prey is hyraxes (Cruz-Uribe and Klein, 1998; references in
Sanders et al., 2003).

Leopards often stash prey in caves or in trees (de Ruiter and
Berger, 2000), providing good opportunities for the accumula-
tion of bone. Leopards fragment skeletal remains of their prey
much more severely than do raptors. Their damage to adult
crania of prey species is also more comprehensivedfor exam-
ple, the skulls of adult hyraxes killed and devoured by leop-
ards have their anterior facial regions and mandibular
corpora separated from the rest of the cranium and mandibular
ramidand bones in these assemblages are frequently tooth-
marked (Simons, 1966; Brain, 1981; Pickering et al., 2004;
Trapani et al., 2006). Thus, even when mammalian predators
such as leopards take prey of similar size to that hunted by rap-
tors, and even though the resulting kill assemblages may be
alike in terms of bone element survivorship, the resulting dam-
age patterns are very distinctive.

Damage to monkey skeletons resulting from chimpanzee
predation resembles both leopard and eagle assemblages in
bone survivorship profiles but seems distinctive in: being
skewed towards skeletal remains from immature individuals;
exhibiting little tooth marking; and exhibiting less damage
to long bone diaphyses than in other mammalian carnivores.
Chimpanzees also do not seem to exhibit caching behavior
or to carry their prey back to particular sites or sleeping nests,
meaning that the remains of their kills are likely to be more
scattered. Clearly, these comparisons are not exhaustive or
extensive, but they are suggestive and encouraging that the
involvement of specific classes of predators might be deci-
phered from fossil kill assemblages.

Applicability to fossil sites: cautions

It is currently not known if early hominins hunted. The re-
sults of this paper present a model that may be useful for de-
tecting occasional early hominin carnivory. However, we
caution against using this taphonomic model without the fol-
lowing considerations:

1. Human and chimpanzee hunting may not be homologous
behaviors. Chimpanzee hunting does not necessitate small
mammal hunting in the last common ancestor of humans
and chimpanzees, nor in the earliest hominins.

2. Stone tools change how a carcass is processed. This taph-
onomic model may therefore only be applicable to pre-
technological hominin sites.

3. These results derive from an occasionally arboreal homi-
noid hunting arboreal prey. The utility of this taphonomic
model may be limited to hominins that were at least occa-
sionally arboreal.

4. Hunting in modern chimps and modern hunter-gatherers is
part of a broader dietary regime, and is also increasingly
seen to play important social roles (e.g., as in models of
costly signaling; Hawkes and Bliege Bird, 2002). Treat-
ment of prey may have been quite different among earlier
hominins with different dietary regimes where these social
roles were different or absent altogether.

5. Preservation biases and the low likelihood of bone concen-
tration may limit the direct comparison of these results to
fossil assemblages.

Early hominin carnivory: the hard evidence

The earliest stone tool artifacts are from the 2.6 Ma site of
Gona in the Afar region of Ethiopia (Semaw et al., 2003).
Butchered ungulate bones have also been recovered from other
2.5e2.6 Ma sites at Gona (Domı́nguez-Rodrigo et al., 2005)
and the nearby 2.5 Ma site of Bouri (de Heinzelin et al., 1999).
These sites mark the origin of archaeologically visible large
mammal carnivory by early hominins. This archaeological evi-
dence is penecontemporaneous with the origin of the genus
Homo at 2.3 Ma (Kimbel et al., 1996). However, most molecu-
lar estimates (Kumar and Hedges, 1998; Stauffer et al., 2001)
and fossil evidence (Hailie-Selassie, 2001; Senut et al., 2001;
Brunet et al., 2002) suggest that the hominin and chimpanzee
lineages diverged at least six to eight million years ago.
Therefore, there is considerable time during which the human
lineage potentially was practicing some degree of pre-stone
tool carnivory that may be difficult to detect in the archaeolog-
ical record.

Chimpanzees as a model for pre-technological hominins

There is considerable debate as to whether Oldowan hom-
inins relied more on hunting or on scavenging medium to large
mammalian prey (e.g., Bunn and Ezzo, 1993; Blumenschine,
1995; Domı́nguez-Rodrigo, 2002; Domı́nguez-Rodrigo and
Pickering, 2003). However, less prevalent in the zooarchaeo-
logical literature are taphonomic test criteria for recognizing
early hominin hunting and consumption of small prey. Chim-
panzee dietary behavior can inform this argument because al-
though chimpanzees have been observed to occasionally
scavenge (Hasegawa et al., 1983; Nishida, 1994; Muller
et al., 1995), they acquire most of their meat by hunting (Ue-
hara, 1997; Stanford, 1998; Mitani and Watts, 1999; Boesch
and Boesch-Achermann, 2000), and therefore may provide
an example of the bony assemblage produced by a primate
that hunts small-sized vertebrate prey.

Although they have been observed to utilize stone artifacts
(Boesch and Boesch, 1983) that can accumulate over time (Mer-
cader et al., 2002), chimpanzees do not use stone tools to butcher
animal prey. While a single chimpanzee has been observed to
use a stick to pry a single squirrel out of its tree hole (Huffman
and Kalunde, 1993), and another was observed to use a stick
tool to extract marrow after the removal of a long bone epiphy-
sis (Boesch and Boesch, 1989), chimpanzees do not typically
use any form of technology during their hunting or feeding
bouts.

Additionally, several early hominin specimens, including
a pre-Oldowan Hadar fossil, have been estimated to have
a bite force equivalent to that of modern apes (Demes and
Creel, 1988). Therefore, if pre-stone tool-using hominins
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processed small prey in a manner similar to chimpanzees, we
would expect to find similar patterns of chewing damage on
that prey. Chimpanzees and humans are unique among mam-
malian predators in their frequent removal of limb bone ends
via chewing in order to suck out the marrow without always
fragmenting the limb shafts. This also makes it reasonable to
suggest that chimpanzees may provide a good model for the
damage expected on bones modified by pre-stone tool-using
hominins. However, as some early hominins (such as Orrorin)
do not possess some of the unique dental traits of chimpan-
zees, which may be adaptations to meat-eating, they may
not have incorporated meat into their diet on the same scale
as do chimpanzees (Pickford, 2005).

Finally, pre-technological hominins were similar in body
size to modern chimpanzees (McHenry, 1992), lived in more
closed environments than later hominins (WoldeGabriel et al.,
1994; Pickford and Senut, 2001; WoldeGabriel et al., 2001;
Vignaud, et al., 2002), and may have retained some tree-climb-
ing adaptations (Richmond, 1998; Hailie-Selassie, 2001; Senut
et al., 2001; Ward, 2002). We suggest that if pre-stone tool-
using Pliocene hominins hunted and consumed small sized
prey, the taphonomic signature of that hunting behavior would
be more similar to chimpanzee consumption of small prey than
Oldowan hominin stone tool-assisted butchery of larger prey.

Preservation biases

There is a bias against animals weighing less than 15 kg ac-
cumulating in modern surface bone assemblages (Behren-
smeyer et al., 1979). Not only are bones from smaller
animals less likely to accumulate, but they are also less likely
to preserve (Gordon and Buikstra, 1981). This could affect red
colobus monkey prey remains, as adults generally weigh only
7.0e12.5 kg (Kingdon, 1974).

An additional problem is the preservation potential, or lack
thereof, of some of these bone modification patterns. For in-
stance, it can be difficult to document patterns of crenulation
on fossil long bone ends. This is especially true in samples
that are derived from hard breccia and prepared mechanically
versus those prepared in acid, since this technique tends to
leave breccia occupying the ends of broken long bones (D.
deRuiter, pers. comm.). Still, we expect that skeletal element
profiles and more gross damage, such as removal of long
bone ends, will be preserved even if more detailed damage
is not.

Is this set of bone specimens a true ‘‘assemblage’’ or a ‘‘col-
lection’’ derived from a larger area than most fossil assem-
blages? In prehistoric studies, an assemblage is generally
something that is all found in the same place, regardless of
its level of autochthony. The likelihood that bone specimens
derived from chimpanzee hunts will be first concentrated,
and then buried, is low. The bony refuse left behind by the
Ngogo chimpanzees after hunting was scattered throughout
their 20 km2 territory (Fig. 15). Because of the highly dis-
persed distribution of bone remains, this collection would
most likely be archaeologically invisible. We argue that apply-
ing the taphonomic test criteria outlined here to assemblages
with low time averaging from a single locality is important.
Treating mixed assemblages as a single sample will invariably
affect data such as prey size range, prey age distribution, skel-
etal element representation, and damage patterns. This would
make comparisons between the Ngogo chimpanzee kill assem-
blage and fossil assemblages less useful.

Arboreal predators hunting arboreal prey

The taphonomic signals outlined here can only be confi-
dently extrapolated to an at least occasionally arboreal homi-
nin hunting arboreal prey. We do not know if or how
terrestriality of predator or prey species might change some
of the taphonomic signals in the prey assemblage. We suspect
that the degree of terrestriality at least partially dictates what
species are usually taken by a predator. It would be far less
likely to find small- and medium-sized monkeys in the kill
sample of a committed terrestrial predator (an obligate biped
such as Homo erectus) because of the ability of the monkeys
to escape into trees. The question of how arboreally adept
late Pliocene hominins might have been, and thus how profi-
cient they were at catching and killing agile monkeys in wood-
land and forest settings, remains open. Early Pleistocene, fully
bipedal, stone-tool-wielding hominins living in wooded to
open savannas are unlikely to have been fast enough to run
down small, agile animals. But they could fill a niche of con-
suming meat and marrow from long bones of carcasses of
large to very large animals, some of which were inaccessible
even to hyaenids. This seems to have been the case at many
of the earliest sites with butchered bones (e.g., de Heinzelin
et al., 1999; Domı́nguez-Rodrigo et al., 2005).

Fig. 15. Map of 37 bone collection sites throughout the Ngogo chimpanzee

territory. The bones are scattered throughout the w20 km2. The random

distribution of bony refuse makes it likely that this collection would be

archaeologically invisible.
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Therefore, to maximize comparability of behavioral and
ecological contexts when examining collections for these taph-
onomic signals, we suggest focusing on assemblages prior to
the anatomical evidence for hominin obligate terrestriality. Al-
though the degree to which early hominins were arboreal is cur-
rently unresolved, it is reasonable to suggest from the anatomy
of the earliest hominins that they were at least occasionally in
the trees (Richmond, 1998; Hailie-Selassie, 2001; Senut et al.,
2001; Ward, 2002). We also suggest investigating sites with en-
vironments reconstructed as more wooded and wet with the
trees necessary for arboreal monkeys and at least partially arbo-
real hominins, and particularly those sites where hominins and
colobine monkeys co-occur. While it has been suggested that
some larger-bodied early Pliocene colobines were predomi-
nantly terrestrial (Harris et al., 2003; Leakey et al., 2003),
more recent analysis of the largest early Pliocene colobine in-
dicates that this species, and the majority of early Pliocene co-
lobines, were in fact arboreal (Hlusko, 2006).

The two earliest hominin sitesdthe Sahelathropus tchaden-
sis site of Toros-Menalla, Chad (at about 6e7 Ma), and the
Orrorin tugenensis site of Kapsomin, Tugen Hills, Kenya (at
about 6 Ma)dincluded gallery forest components, and fossil
evidence for the presence of colobus monkeys has been found
at these sites (Pickford and Senut, 2001; Vignaud, et al., 2002).
The colobine remains from Toros-Menalla is a single damaged
maxilla (Vignaud et al., 2002), but the faunal assemblage from
Kapsomin is dominated by small to medium ruminants and co-
lobine monkeys that Pickford and Senut (2001) interpret to be
the prey remains of a leopard-like cat. Ardipithecus ramidus
kadabba specimens from the Central Awash Complex (at
5.54e5.77 Ma) were deposited in a wooded and possibly hu-
mid environment (WoldeGabriel et al., 2001). The fauna asso-
ciated with Ardipithecus ramidus from Aramis, Ethiopia (at
4.4 Ma) is dominated by colobine monkeys (over 30% of all
identifiable vertebrates in the assemblage) in a closed, wooded
environment (WoldeGabriel et al., 1994). Australopithecus
anamensis specimens from Asa Issie (at 4.1e4.2 Ma) were
also deposited in a wooded environment, and the fauna is
heavily dominated by cercopithecid primates (just under
50% of all identifiable macrovertebrates; White et al., 2006).

The skeletal element profiles of colobine monkeys from
these sites have not been published, but these hominin-
colobine co-occurrences are intriguing. Taphonomic damage
to these colobines is also currently uninvestigated or unpub-
lished. The only exception is a description of carnivore
damage on two different humeri (a proximal humerus and an
upper and middle humerus shaft) of Kuseracolobus hafu,
a large colobine monkey from Asa Issie (Hlusko, 2006).

Summary and conclusions

We present a taphonomic analysis of the largest collection
of the remains of primates hunted by chimpanzees to date.
This study confirms some of the taphonomic patterns de-
scribed in an earlier study analyzing a much smaller sample
(Plummer and Stanford, 2000). The taphonomic signature of
chimpanzee kills includes a focus on colobus monkeys, an
age profile skewed towards pre-adults, and a skeletal element
profile dominated by cranial fragments (but with no complete
crania) followed by long bones, and lacking pre-caudal verte-
brae. A high proportion of limb bones had their epiphyses
chewed off, leaving intact metaphyses with gnawed ends.
We also documented chimpanzee-specific types of damage
in this collection, including: relatively low tooth mark fre-
quencies (4.4% of total NISP); compression cracking of the
crania; innominates reduced to only ilia; and transverse incip-
ient breaks on the ribs. When compared to collections of pri-
mate remains modified by other agents, including leopards and
eagles, there are similarities, especially with skeletal element
profiles of leopard assemblages, but damage patterns and
age profiles remain distinctive. Reports of damage to bones
by modern humans indicate that the Ngogo sample may be
a good model for the kinds of damage early hominins may
have inflicted on small mammal prey, since they are loosely
similar in their craniodental anatomy and biomechanics.

We agree with Pickering and Wallis (1997) that we should
not automatically assign all non-hominin masticatory damage
traces in archaeofaunas to carnivores. We disagree, however,
with their conclusions regarding the degree of similarity be-
tween hominoid and carnivore bone modification. Although
Pickering and Wallis (1997) recognized that their sample
was limited in its breadth and focused only on bone modifica-
tions, we believe that we have illustrated significant differ-
ences between bones modified by these different agents
using a diversity of taphonomic variables. A broad approach,
taking into account not only bone modification patterns but
also prey size, skeletal element profiles, and age distribution
of a fossil assemblage should help to identify the prehistoric
predator(s) responsible for the creation and modification of
a fossil assemblage. However, there is a strong possibility
that some of these patterns, including specific damage patterns
and even skeletal or age profiles, may become obscured by
subsequent taphonomic processes affecting the assemblage.
This is likely to happen, at varying degrees, to most fossil as-
semblages. Additionally, it may be difficult to identify small
primate cranial fragments or ribs, rendering skeletal element
profiles less useful for comparative analyses. Furthermore,
small animals are less likely to be preserved in the fossil re-
cord, rendering these patterns less archaeologically visible.

We are not advocating applying this taphonomic model
wholesale to identify hominin hunting of small prey at sites
post-dating the advent of stone tool technology, at about
2.5 Ma (Semaw et al., 1997). Presumably, once hominins
were using stone tools, they almost certainly processed car-
casses in different ways. We also want to underscore the
uniqueness of Oldowan hominin consumption of terrestrial
prey, which included procuring animals larger than the preda-
tor, at least sometimes incorporated tool use, and may have
incorporated complex vocal communication and bipedalism
into prey acquisition and processing (Butynski, 1982). We
think the most appropriate fossil samples to examine for these
taphonomic variables are those in which early hominins are
found with a relatively large sample of cercopithecoids in
a wetter, more wooded, or forest environment. A closer
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inspection of the taphonomy of cercopithecoid remains from
these sites is the first step towards possibly documenting early
hominin hunting in an arboreal setting.
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