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Prey material, which was collected from beneath the nests of
two pairs of crowned hawk-eagles (Stephanoaetus corona-
tus) in the Ngogo study area, Kibale National Park, Ugan-
da, was analyzed to identify the taphonomic features diag-
nostic of eagle predation. Material from a recent three-year
collection interval was compared to an earlier three-year
collection subsample to determine signal consistency over
time. The bulk of the assemblage is comprised of cercopith-
ecoid monkey remains, reflecting the taxonomic composition
of the Ngogo area. Taxonomic composition of the assem-
blage remains highly consistent over the collection period.
Bone survivability and fragmentation profiles, as well as
damage patterns, also were investigated. Crowned hawk-
eagles inflict much less damage to prey skeletons than do
mammalian carnivores. Crania, scapulae, and hindlimb
elements are most likely to survive predation by crowned
hawk-eagles and to be concentrated at nest sites, but these
elements (especially crania) show age-specific patterns of
fragmentation and damage. Bone survivability profiles re-
main highly consistent throughout the duration of the col-
lection period. Fragmentation and damage patterns—when
tallied quantitatively—are more variable, but do not resem-
ble those expected under predation by mammalian carni-
vores. Regurgitated elements in hair boluses also were ex-
amined; when compared with the rest of the assemblage,
they show very different patterns. In summary, crowned
hawk-eagle predation provides a taphonomic signature dis-
tinguishable from those of other predatory accumulating
agents (e.g., non-human mammalian carnivores, owls, and
humans), and this signal remains consistent over time,
leading to the expectation that it may remain intact in fossil
assemblages.

INTRODUCTION

Determining the agent or agents responsible for accu-
mulation of a fossil assemblage is a key component of re-

constructing its taphonomic history. Much work has been
done, largely in actualistic or experimental settings, to de-
velop criteria that characterize the signatures of various
accumulating agents (e.g., Brain, 1981; Andrews, 1990;
Lyman, 1994c; Denys, 2002). One class of such accumulat-
ing agents is carnivorous animals, whose prey remains
may constitute partial or complete fossil assemblages.
Most research has concentrated on carnivorous mammals,
but diurnal raptors (hawks, eagles) also may constitute
important accumulators of bone in fossil assemblages
(Stewart et al., 1999), including the late Pliocene Taung
site in South Africa, famous for providing the type infant
skull of Australopithecus africanus (Berger and Clarke,
1995).

In addition to characterizing the signature of tapho-
nomic agents with as much precision as possible, it is also
important to know—especially for attritional assemblag-
es—whether specific signals remain consistent over time.
If single taphonomic agents provide temporally variable
signatures, the characterization of these signatures be-
comes more difficult. Moreover, the phenomenon of time-
averaging, which is a major concern in taphonomic studies
(e.g., Aslan and Behrensmeyer, 1996; Cutler et al., 1999;
Olszewski, 1999; review in Behrensmeyer et al., 2000),
may result in possible conflation with other signals in the
fossil assemblage. Another danger is that temporally or
spatially restricted sampling of an assemblage accumulat-
ed by a taphonomic agent with a variable signal may be
misleading, and lead to erroneous interpretations. Ideal
test cases for signal consistency are assemblages known to
be accumulated by a single agent over a known period of
time that are collected frequently.

In this study, the taphonomic signature of predation by
crowned hawk-eagles (Stephanoaetus coronatus) from two
nests in the Ngogo study area, Kibale National Park,
Uganda, is investigated. Crowned hawk-eagles are large,
diurnal raptors found in a variety of environments
throughout much of Africa (Boshoff and Palmer, 1994).
These birds are territorial (Tuer and Tuer, 1974); they do
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FIGURE 1—Location of Kibale National Park, Uganda. Blowup of Kibale shows Ngogo study area and location of eagle nests where collections
were made.

not migrate outside their territories, and pair for life
(Brown, 1971; Brown et al., 1982). Both male and female
birds help build and maintain nests, which may be large
(.2 m across and .2 m high), and most often are con-
structed in large trees in river valleys at heights of 12–40
m above the ground (Tuer and Tuer, 1974; Steyn, 1983). In
East Africa, crowned hawk-eagle pairs use only one nest
(Brown et al., 1982), and nests may be used continuously
by successive eagle pairs for periods .50 years (Steyn,
1983). The nests studied here were occupied by the same
pairs of birds throughout the duration of the study.

Pairs produce small clutches (1–2 eggs), with never
more than one eaglet surviving, usually every other year
(Tuer and Tuer, 1974; Skorupa, 1989). Incubation lasts
approximately 50 days; most incubation is done by the fe-
male, while the male hunts every three to four days and
brings food to the nest (Snelling and Barbour, 1969; Steyn,
1983). Life-history parameters vary somewhat over this
species’ range, but at Kibale, Skorupa (1989) estimated a
post-nestling parental care stage of at least 280 days, and
a breeding cycle of at least 460 days. Sexual maturity is
reached at about five years, and lifespan ranges from 12–
16 years (Brown, 1971).

The Ngogo area has been well studied in terms of prey
(mostly cercopithecoid monkeys) population dynamics
over a period of more than 20 years (Mitani et al., 2000),
and material for this study was collected over a period of
nearly six years, comprising two subsamples from nearly
equal three-year time slices. Material is highly unlikely to
come from any source besides eagle predation; first, be-
cause the only other large predators in the Ngogo area are
chimpanzees, which exhibit very different hunting pat-
terns (Tappen and Wrangham, 2000; Watts and Mitani,
2002); and second, because material was collected from di-
rectly below nests (Mitani et al., 2001). Collections oc-

curred frequently enough to provide strong temporal con-
trol over the sample. Signature criteria of crowned hawk-
eagle predation are characterized, and signal consistency
is compared between the two three-year collection periods
and the entire assemblage.

MATERIALS AND METHODS

Sample and Collecting Methods

The kill sample was collected between July 1996 and
May 2002 from below the nests of two pairs of crowned
hawk-eagles in the Ngogo study area, Kibale National
Park, Uganda (Fig. 1). Assemblages from both nests were
grouped for analyses. The total assemblage was divided
into two temporal subsamples, with August 1999 as the
break point, for many subsequent analyses. The first sam-
ple encompasses a collection period of approximately 37
months (July 1996–early August 1999). This sample (see
Mitani et al., 2001; Sanders et al., 2003) includes material
consumed by eagles prior to July 1996 that had accumu-
lated below the nests at that time. The second sample en-
compasses a collection period of approximately 34 months
(late August 1999–May 2002), and its material is previ-
ously unreported.

Throughout the entire course of collection, searches
were conducted approximately once a week during periods
of nestling and eaglet dependence, and bi-weekly at other
times. Searches were conducted carefully and involved re-
petitive, comprehensive surveying and collecting around
the nest. Although screening was not attempted, the re-
covery of diminutive specimens such as individual decid-
uous monkey teeth, Cephalophus (duiker) hooves, manual
and pedal sesamoids, and nails attests to the diligence of
the searches, and provides confidence that the study sam-
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ple closely reflects the production of bone from the nests.
The total sample was comprised of 626 individual skeletal
specimens (NISP: number of individual specimens), of
which 387 were collected between July 1996 and early Au-
gust 1999 (first sample), and 239 were collected between
late August 1999 and May 2002 (second sample).

The assemblages collected below the nests are com-
prised of bone, hair, eggshell, feather, and boluses, which
are compressed balls of hair and other materials digested
or partially digested by the birds and then regurgitated.
Seven boluses were recovered from below these nests dur-
ing the second collection period. Boluses were teased apart
carefully with tweezers; where present, insect, plant, and
skeletal materials were removed for identification. To in-
vestigate etching of ingested bone by digestive acids, sev-
eral specimens from surface collections (undigested) and
from boluses (digested) were prepared for scanning elec-
tron microscopy by gold-coating, and imaged using the Hi-
tachi S32000N scanning electron microscope at the Elec-
tron Microbeam Analysis Laboratory (EMAL) in the De-
partment of Geological Sciences at the University of Mich-
igan.

Identification of Material

Specimens included complete and incomplete bones, as
well as articulated sets. Where possible, the following at-
tributes were noted for each specimen: identity, side (left
or right), taxon, age-sex class, dimensions, association,
and damage. Age classes were assigned as adult, subadult,
juvenile, and infant 1 neonate on the basis of size, degree
of epiphyseal union to diaphyses, degree of fusion of cra-
nial bones, and tooth eruption. For example, crania were
considered to be adult if all molars had erupted, or, in the
absence of relevant dentition, if cranial sutures had
closed. Because of the difficulties involved in separating
some juvenile from subadult material and some infant
from juvenile material, specimens were assigned to either
preadult or adult categories for analysis. Kill specimens
were sexed by criteria of size and robustness (e.g., Gautier-
Hion, 1975), and identifications were confirmed by obser-
vations made on specimens in museum collections of the
same taxa as those in the study and of known sex. The cer-
copithecoid species in the kill sample all display moderate-
to-strong sexual dimorphism, particularly in length and
robustness of skeletal elements such as long bones, scap-
ulae, and innominates, as well as in tooth size, particular-
ly canines.

Taxonomic determination of cercopithecoid specimens
was made on the basis of size and morphology in compari-
son with skeletal material of wild-caught individuals
housed at the American Museum of Natural History (New
York), with field-identified remains of observed chimpan-
zee and eagle kills, and with published observations (e.g.,
Gebo and Sargis, 1994). Skeletal elements of adult Cerco-
pithecus ascanius are smaller than those of the colobine
and mangabey species at Ngogo. Additionally, colobine
crania differ from those of cercopithecines in having
broader interorbital spaces, narrower nasal apertures,
and stronger supraorbital tori. Colobines also have hypo-
conulids on their lower third molars. Crania of Piliocolo-
bus badius are distinguishable from those of Colobus guer-
eza in having some midfacial hollowing, lacrimals not as

anteriorly set and without a large contribution from the
maxillary, supraorbital tori that are especially strong lat-
erally, and a post-supraorbital trough that is not continu-
ous. Crania and dentaries of Lophocebus albigena also are
distinctive, but none was recovered. Dentaries of C. guer-
eza generally are longer and less robust in corporal
breadth relative to height, compared with those of P. bad-
ius (Daegling and McGraw, 2001). Postcranially, skeletal
elements of C. ascanius are distinguished readily from
those of the larger colobines and mangabeys. While the
femora of the largest C. ascanius individuals may ap-
proach those of the smallest colobines in length, their ar-
ticular surfaces are substantially smaller. Limb bones of
the larger monkeys in the sample were sorted primarily
using a host of morphological criteria (e.g., P. badius fem-
ora with a shallower, anteroposteriorly less extensive fo-
vea capitis femoris, lower greater trochanters that have
more anteroposteriorly extensive muscle attachment are-
as, cranially more open space between the greater tro-
chanter and head, and broader condyles than femora of C.
guereza, and lower greater trochanters and shorter necks
than femora of L. albigena; Schultz, 1986; Nakatsukasa,
1994a,b, 1996). In a number of cases, adherent pelage also
was useful for species identification.

A list of the material studied is reposited online at:
,http://www.sepm.org/archive/index.html.. Material is
stored at the University of Michigan Museum of Paleon-
tology; requests for study may be directed to WJS.

Analysis

Quantitative analysis of the assemblage follows Sand-
ers et al. (2003). Briefly, minimum number of elements
(MNE) was calculated for each element from each taxon
and age-sex class. This calculation follows Badgley (1986)
and Lyman (1994a) in defining a skeletal element as a sin-
gle, complete bone or tooth. Only a small proportion of the
bones in this assemblage was fragmented, and there was
usually little question as to whether fragments represent-
ed the same or different elements; thus, this calculation
usually was simple. Minimum numbers of individuals
(MNI: see Grayson, 1984; Klein and Cruz-Uribe, 1984)
were calculated from MNE values.

To investigate bone survivability, relative abundances
of bones were calculated using the formula:

R 5 N /(MNI 3 E )i i i

where Ri is the relative abundance of element i, Ni is the
MNE of a particular element in the taxon of interest, MNI
is the minimum number of individuals in the taxon of in-
terest, and Ei is the number of skeletal element i expected
in a complete skeleton (Andrews, 1990; Lyman, 1994b). Ri

values are expressed as percentages representing bone
survivability relative to what would be expected if com-
plete skeletons of all individuals had been preserved. It is
important to point out that because MNI values some-
times were summed over different age-sex classes, in
many cases no Ri value approaches 100% (this results
from different elements having the highest survivability
in different age-sex classes).

Bone fragmentation was investigated by calculating the
percentage of each element that was whole (unfragment-
ed). For each taxon of interest, the number of whole bones
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TABLE 1—Taxonomic composition of the Ngogo crowned hawk-eagle assemblage.

Taxon

July 1996–August 1999

NISP %NISP MNI %MNI

August 1999–May 2002

NISP %NISP MNI %MNI

Total assemblage

NISP %NISP MNI %MNI

Cercopithecus ascanius (red-tailed monkey) 182 47.0 31 36.9 150 62.8 13 31.7 332 53.0 44 35.2
Cercopithecus lhoesti (L’hoest’s monkey) 10 2.6 3 3.6 1 0.4 1 2.4 11 1.8 4 3
Piliocolobus badius (red colobus) 26 6.7 7 8.3 5 2.1 2 4.9 31 5.0 9 7.2
Colobus guereza (black and white colobus) 3 0.8 3 3.6 1 0.4 1 2.4 4 0.6 4 3.2
Lophocebus albigena (gray-cheeked

mangabey) 10 2.6 2 2.4 1 0.4 1 2.4 11 1.8 3 2.4
Papio anubis (olive baboon) 2 0.5 1 1.2 0 0.0 0 0.0 2 0.3 1 0.8
Unidentified cercopithecines 101 26.1 19 22.6 33 13.8 14 34.1 134 21.4 33 26.4
Unidentified colobines 9 2.3 2 2.4 25 10.5 3 7.3 34 5.4 5 4.0
Cephalophus monticola (duiker) 17 4.4 3 3.6 13 5.4 2 4.9 30 4.8 5 4.0
Nandinia binotata (civet) 4 1.0 2 2.4 5 2.1 1 2.4 9 1.4 3 2.4
Megachiroptera 2 0.5 1 1.2 0 0.0 0 2 0.3 1 0.8
Rodentia 1 0.3 1 1.2 0 0.0 0 1 0.2 1 0.8
Mammalia: Indeterminate 13 3.4 5 6 2 0.8 2 4.9 15 2.4 7 5.6
Aves 7 1.8 4 4.8 3 1.3 1 2.4 10 1.6 5 4.0
TOTAL 387 84 239 41 626 125

of each element was divided by the NISP to arrive at a val-
ue, which is expressed as a percentage. One hundred per-
cent means that the number of whole elements equals the
NISP for that element, and there was no fragmentation.

These analyses were performed for each three-year
sample separately, as well as for the entire assemblage. To
test consistency between samples, the strength and signif-
icance of the correlations between survivability and frag-
mentation values between the two intervals was exam-
ined.

Damage Patterns

Damage patterns were established by: type(s) of dam-
age inflicted by the hawk-eagles on the skeletal elements
of the prey species (e.g., types and sizes of punctures and
other ravages inflicted on bone); location of damage (e.g.,
where punctures are situated on adult crania, whether
long bones are broken proximally, distally, mid-shaft, or
some combination); and degree of specimen completeness
(e.g., whether crania remain essentially whole or are miss-
ing the splanchnocranium or reduced to calottes). Records
were kept of the damage to each specimen collected, not-
ing the location of the damage, type of damage, diameter
of perforations, and whether parts of elements are miss-
ing.

CROWNED HAWK-EAGLE PREDATION AS A
TAPHONOMIC SIGNAL

Taxonomic Composition of the Assemblage

Taxonomic composition of the entire assemblage is
shown in Table 1. The bulk of the assemblage is composed
of primates (cercopithecoid monkeys), with six identifiable
species represented; primate material comprises nearly
90% of the assemblage (based on NISP). The only primate
species present in Ngogo and elsewhere in Kibale not
found in the assemblage are the chimpanzee (Pan troglo-
dytes) and the blue monkey (Cercopithecus mitis). The ab-
sence of the former is consistent with a lack of observed ea-
gle attacks on chimpanzees (Mitani et al., 2001). The ab-

sence of the latter may be due to its rarity in the Ngogo
area (Mitani et al., 2001); it is possible that it may be rep-
resented in the assemblage by material difficult to distin-
guish from other species in the genus. By far the most
common taxon is Cercopithecus ascanius (redtail monkey),
which alone comprises 53% of the total assemblage (based
on NISP). Much of the primate material is from immature
individuals that are difficult to identify to species; uniden-
tified cercopithecines and colobines comprise a combined
26.8% of the total assemblage. Other primate species com-
prise 9.5% of the total assemblage. Non-primate taxa pre-
sent include artiodactyls (the duiker Cephalophus), carni-
vores (the civet Nandinia), chiropterans (bats), rodents,
and birds, which together comprise approximately 11% of
the total assemblage.

The composition of the assemblage thus resembles that
of the living population at Kibale. However, a quantitative
comparison of minimum numbers of individuals of the six
primate species in the assemblage with population densi-
ties (individuals/km2) of the same species at Ngogo (from
Mitani et al., 2001) results in a significant difference (x2 5
23.72, 6 df, p 5 5.9 3 1024) between the two, with some
species overrepresented in the assemblage (e.g., C. ascan-
ius constitutes 51.6% of primate individuals/km2 but com-
prises 67.7% of the primate individuals identifiable to spe-
cies in the assemblage), and others underrepresented
(e.g., P. badius constitutes 27.4% of primate individuals/
km2 but comprises only 13.8% of the primate individuals
identifiable to species in the assemblage). Contributors to
these differences may include eagle hunting preferences
and interspecific variability in primate behavior and hab-
itat preferences. It should be pointed out, however, that
this is necessarily a rough comparison because it excludes
all material unidentifiable to species (e.g., much of the pre-
adult material) and relies upon estimates of population
densities that may fluctuate over time. More details on the
relationship between crowned hawk-eagle predation and
the Kibale fauna are available in Mitani et al. (2001).

Selectivity by Age and Sex

Table 2 shows the minimum numbers of individuals for
primate taxa found in the assemblage, separated by age
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TABLE 2—Crowned hawk-eagle hunting of primates by taxon, age, and sex; all data are minimum numbers of individuals.

Taxon Preadult Adult male Adult female Adult unknown Total

Cercopithecus ascanius 13 9 9 0 31
Cercopithecus lhoesti 3 0 0 0 3
Piliocolobus badius 1 4 2 0 7
Colobus guereza 0 1 2 0 3
Lophocebus albigena 0 2 0 0 2
Papio anubis 1 0 0 0 1
Unidentified cercopithecines 18 0 0 1 19
Unidentified colobines 1 0 0 1 2
TOTAL: first collection period 37 16 13 2 68
Cercopithecus ascanius 4 3 3 3 13
Cercopithecus lhoesti 0 0 0 1 1
Piliocolobus badius 0 1 0 1 2
Colobus guereza 0 0 0 1 1
Lophocebus albigena 0 0 0 1 1
Papio anubis 0 0 0 0 0
Unidentified cercopithecines 11 0 0 3 14
Unidentified colobines 1 0 1 1 3
TOTAL: second collection period 16 4 4 11 35
TOTAL: entire assemblage 53 20 17 13 103

and sex. Though adult individuals are more likely to be
identifiable to the species level, preadults and adults of all
primate taxa were represented in approximately equal
numbers during the first collection interval (Sanders et
al., 2003). This trend continues in the second collection in-
terval. For the entire assemblage, preadults constitute 53/
103 individuals (51.5%) and adults 50/103 (48.5%). This
does not differ significantly from the expected population
at Ngogo (see Struhsaker and Leakey, 1990 and Mitani et
al., 2001) of 44% adults and 56% preadults (x2 5 0.99, 1 df,
p 5 0.32).

Of individuals that could be identified to sex, a 20/37
(54.1%) were male, and 17/37 (45.9%) were female. More
females than males are expected in the population (Mitani
et al., 2001), leading to a significant selectivity for males
(x2 5 17.77, 1 df, p 5 2.5 3 1025), perhaps due to their larg-
er size in many species or behavioral differences between
sexes. These results match those from previous studies
(Struhsaker and Leakey, 1990; Mitani et al., 2001).

Bone Survivability

Crowned hawk-eagles consume prey in characteristic
ways that may vary by prey taxon, size, or age, but that
leave distinctive bone survivability profiles (Sanders et
al., 2003). Survivability profiles for the entire assemblage
are shown for the most common prey item, C. ascanius
(Fig. 2A), as well as for all preadult primates (Fig. 3A), all
adult primates (Fig. 4A), and all primates (Fig. 5A). In
general, survivability is low, reflecting the tendency of
crowned hawk-eagles to dismember prey items at the kill
site, and to cache prey items away from the nest (Brown,
1971; Jarvis et al., 1980; Brown et al., 1982; Steyn, 1983;
Maisels et al., 1993). For all taxa, cranial and hindlimb
material show the highest survivability; preadult pri-
mates show relatively higher survivability of cranial ma-
terial and lower survivability of other elements, which
may reflect the tendency of crowned hawk-eagles to swal-
low and digest smaller skeletal elements (Brown, 1982;
Brown et al., 1982).

Fragmentation

The percentage of whole bones from the entire assem-
blage is shown for each element for C. ascanius (Fig. 6A),
as well as for all preadult primates (Fig. 7A), all adult pri-
mates (Fig. 8A), and all primates (Fig. 9A). In adult pri-
mates, elements that tend to survive unfragmented in-
clude those of the axial skeleton (vertebrae, sacra, pelvic
bones), mandibles, and—when undigested—small, dense,
distal-limb elements (astragali, phalanges). Moderate lev-
els of fragmentation are observed in most long bones, usu-
ally due to missing ends, and in crania, which crowned
hawk-eagles tend to puncture rather than break. Axial
postcranial elements from preadult primates, when pre-
sent in the assemblage, also tend to survive fragmenta-
tion; distal limb elements are rarely preserved. Long
bones often are moderately fragmented, but juvenile cra-
nia are always fragmented because crowned hawk-eagles
either remove facial regions or break juvenile crania open
along unfused suture lines to obtain access to the brain tis-
sue inside.

Damage Patterns

Distinctive and systematic damage patterns of skeletal
specimens characterize the hawk-eagle kill sample. Dam-
age to crania differs among age classes, with the cranium
of adults remaining essentially whole, but usually marked
by talon perforations—despite evident intense manipula-
tion, the hawk-eagles seem incapable of opening the cra-
nia of adult monkeys (Fig. 10A). Crania of sub-adults and
older juveniles are usually reduced to calottes, with the
faces and basicrania torn away in order for the hawk-ea-
gles to access the brain (Fig. 10B). Crania of younger ju-
veniles and infants are usually reduced to individual
bones (frontal, parietals, etc.), which are sometimes found
close to one another (Fig. 10C). The force of the talons ex-
erted on these crania is evidenced in the occasional plastic
deformation and stress cracking of these individual bones
as they were squeezed apart. Damage to crania and other
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FIGURE 2—Bone survivability (percent survivorship) for Cercopithecus ascanius material. (A) Entire data set (July 1996–May 2002). (B) July
1996–early August 1999. (C) Late August 1999–May 2002.

FIGURE 3—Bone survivability (percent survivorship) for preadult primate material. (A) Entire data set (July 1996–May 2002). (B) July 1996–
early August 1999. (C) Late August 1999–May 2002.
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FIGURE 4—Bone survivability (percent survivorship) for adult primate material. (A) Entire data set (July 1996–May 2002). (B) July 1996–early
August 1999. (C) Late August 1999–May 2002.

bones includes nicks, punctures (complete, rounded
holes), and can-opener perforations; in the cranium they
occur principally in the orbits, sphenoids, maxillae, and
parietals—convenient sites for gaining a grip with the tal-
ons. The size of these perforations varies between 2–10
mm, with most having a diameter of 4–6 mm.

Scapulae are nearly always heavily raked by the talons,
resulting in destruction of a good part of the scapular
blade, especially toward the vertebral border (Fig. 10D).
This occurs during the opening of the body cavity to ex-
tract the heart and lungs (Brown, 1971; Andrews, 1990).
Innominates, while less heavily damaged, exhibit perfo-
rations and shattering of their iliac blades and pubic ar-
cades (Fig. 10E).

Damage to long bones is shown in Figure 10F and sum-
marized for the entire assemblage in Figure 11A. Between
approximately 50% and 70% of each long-bone type is un-
damaged, with more robust hindlimbs less frequently
damaged than forelimbs. Crowned hawk-eagles more eas-
ily damage the softer proximal and distal ends of long
bones; incidences of mid-shaft breakage are relatively rare
for all elements.

SIGNAL CONSISTENCY OVER TIME

Taxonomic Composition of the Assemblage

Taxonomic composition of the sample, both in terms of
NISP and MNI, remains relatively stable between the two
collection periods (Table 1). Despite a difference in sample
size of nearly 150 specimens (and more than 40 individu-

als) between the two periods, only taxa represented by an
NISP of two or less (and one individual) during the first
collection period (Papio anubis, Megachiroptera, Roden-
tia) were unrepresented during the second. Cercopithecus
ascanius remained the most common taxon during both
collection periods, and the percentage of the total NISP
comprised of unidentifiable (mostly preadult) primates
(28.4% and 24.3%) and of nonprimate mammals (9.6% and
8.3%) both remained relatively consistent.

Bone Survivability

Survivability of skeletal elements within the two collec-
tion intervals are shown in the B (July 1996–August 1999)
and C (August 1999–May 2002) panels of Figures 2–5.
Survivability of particular elements in particular taxa re-
main extremely consistent between time slices (Table 3),
with R2 values ranging from 0.6899 to 0.9331, and with all
relationships highly significant. This likely reflects crown
hawk-eagles’ highly stereotyped manner of consuming
prey.

Fragmentation

Fragmentation of skeletal elements within the two col-
lection intervals are shown in the B (July 1996–August
1999) and C (August 1999–May 2002) panels of Figures 6–
9. Fragmentation patterns are more variable than the sur-
vivability profiles shown in Figures 2–5, and are not sig-
nificantly correlated between collection intervals (Table
3). In part, this reflects the relatively small number of
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FIGURE 5—Bone survivability (percent survivorship) for all primate material. (A) Entire data set (July 1996–May 2002). (B) July 1996–early
August 1999. (C) Late August 1999–May 2002.

fragmented bones in the total sample (i.e., a small differ-
ence in number of fragmented bones of particular ele-
ments between the two collection periods may cause a
large difference in the percent whole figure). Also, the ap-
pearance of these figures may be affected drastically by
the fragmentation patterns of elements regardless of their
survivability (e.g., one clavicle versus 64 femora). Yet,
even with these caveats in mind, fragmentation patterns
remain more variable than survivability profiles between
the two time slices.

Damage Patterns

Damage types described above and shown in Figure 10
remained consistent throughout both collection intervals.
Relatively more long bones show damage in the second
sample (Fig. 11B, C), but most of this damage is to proxi-
mal and/or distal ends. If the NISP and MNI differences
between the two samples reflect a real difference in num-
ber of prey items obtained, perhaps the higher proportion
of damaged long bones in the smaller, later sample indi-
cates that eagles are expending more effort to extract as
many nutrients as possible from each prey individual (this
difference also may result from accumulation of material
prior to the onset of collection). However, incidences of
mid-shaft breaks remain low in both samples and are, if
anything, lower in the later sample, reflecting the difficul-
ty eagles have in breaking long-bone diaphyses.

BOLUS MATERIAL

Seven hair boluses were collected from around these
two nests and dissected. Six of the seven boluses contained
skeletal material, and yielded 115 individual specimens.
Individual boluses included up to 41 individual skeletal
specimens. No articulated elements were found within the
boluses, though it is quite likely that groups of bones found
within single boluses had been swallowed together. Bolus-
es contained material from the artiodactyl Cephalophus,
as well as preadult and adult C. ascanius; in addition to
skeletal material and hair, a claw sheath also was recov-
ered from the civet Nandinia, as well as primate nails, and
insect and plant material. Non-skeletal material was not
included in analyses.

Figures 12 and 13 compare survivability and fragmen-
tation of the entire assemblage from the second collection
period (A panels) with bolus material (B panels) and non-
bolus material (C panels). Bolus and nonbolus material
exhibit very different survivability and fragmentationpro-
files, and differ significantly in both (Table 3). Boluses con-
tain craniofacial and mandibular fragments—including
isolated teeth—from preadult primates, as well as distal
limb elements from adult animals. Crowned hawk-eagles
are known to bite off and swallow hands and feet of prey
(Brown, 1982; Brown et al., 1982), and rip the faces off ju-
venile individuals (Sanders et al., 2003); they apparently
may swallow fragmentary or crushed juvenile facial re-
gions in the process of accessing the brain. Survivability of
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FIGURE 6—Fragmentation (percent whole bones) for Cercopithecus ascanius material. (A) Entire data set (July 1996–May 2002). (B) July
1996–early August 1999. (C) Late August 1999–May 2002.

FIGURE 7—Fragmentation (percent whole bones) for preadult primate material. (A) Entire data set (July 1996–May 2002). (B) July 1996–early
August 1999. (C) Late August 1999–May 2002.
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FIGURE 8—Fragmentation (percent whole bones) for adult primate material. (A) Entire data set (July 1996–May 2002). (B) July 1996–early
August 1999. (C) Late August 1999–May 2002.

FIGURE 9—Fragmentation (percent whole bones) for all primate material. (A) Entire data set (July 1996–May 2002). (B) July 1996–early
August 1999. (C) Late August 1999–May 2002.
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FIGURE 10—Typical damage patterns of crowned hawk-eagle predation. (A) Adult cercopithecoid skull, intact except for puncture marks within
eye orbits (not shown); scale bar 5 2 cm. (B) Juvenile cercopithecoid cranium; basicranium and face have been removed by eagles; scale
bar 5 1 cm. (C) Infant cercopithecoid, isolated parietal bone. Cranium was cracked along sutures by eagle; arrow indicates talon puncture;
scale bar 5 1 cm. (D) Cercopithecoid scapula, showing damage caused by raking; scale bar 5 2 cm. (E) Cercopithecoid innominate, with
talon damage to pubis and ilium, the latter including can-opener perforations (arrow); scale bar 5 2 cm. (F) Cercopithecoid long bones, showing
representative damage to proximal and distal ends; scale bar 5 2 cm.

all elements within boluses is extremely low and fragmen-
tation much higher than in the non-bolus and entire sec-
ond collection period samples (Fig. 13), even though the
skeletal material within boluses is dominated by small,
dense bones that are difficult to break. This likely reflects
the action of digestive acids.

Figure 14A shows an example of an undissected hair bo-
lus with skeletal material visible. As shown in Figures 12–
13, much of this material is fragmented and heavily dam-
aged by digestive acids. SEM images of distal limb ele-
ments from boluses (Fig. 14B, close-up in 14D) and the
surface collection (Fig. 14C, close up in 14E) show that the
damage to the bones caused by acid etching is severe, and
may lead to extensive dissolution and weakening of bone
material.

DISCUSSION
Patterns of Prey Consumption by Crowned Hawk-eagles

and Other Raptors
Crowned hawk-eagles are large birds (weight, 3.4–4.1

kg; wingspan may exceed 1.9 m) and voracious predators,

capable of killing animals up to ;30 kg body mass, and
lifting animals heavier than themselves (Brown, 1971;
Steyn, 1973; Brown et al., 1982; Steyn, 1983; Maclean,
1993). Attacks by crowned hawk-eagles on juvenile and
adult humans have been recorded, and part of a juvenile
human skull was recovered from a crowned hawk-eagle
nest (see Steyn, 1983; Berger and Clarke, 1995, and ref-
erences therein).

Like many other diurnal raptors, the composition of
crowned hawk-eagle diets varies with, but does not pre-
cisely reflect, local faunal composition (e.g., Boshoff et al.,
1990; Boshoff and Palmer, 1994; Schultz, 2002). There has
been some debate in the literature as to the predominance
of primates in the diet of crowned hawk-eagles, but this,
too, seems dependent upon local availability. The most
common primate species in the Ngogo area (C. ascanius) is
also the most popular crowned hawk-eagle prey item, but
is actually more numerous in the prey assemblage than
would be expected based on actual population sizes (Mi-
tani et al., 2001). In more open habitats, crowned hawk-
eagles prey preferentially on hyraxes and small antelopes
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FIGURE 11—Damage to long bones, shown as percents. Tallies are
recorded for bones with no damage (black), with damage to only the
proximal (diagonal lines) or the distal (vertical lines) end, with damage
to both ends (white), and with mid-shaft breaks (horizontal lines). (A)
Entire data set (July 1996–May 2002). (B) July 1996–early August
1999. (C) Late August 1999–May 2002.

TABLE 3—Correlation between bone survivability and fragmentation during the two collection intervals, and between bolus and nonbolus
material collected during the second collection interval.

Survivability Fragmentation

C. ascanius R2 5 0.7335 R2 5 20.0002
p 5 7.25 3 1027 p 5 0.955

Preadult primates R2 5 0.9044 R2 5 20.0011
p 5 3.91 3 10211 p 5 0.886

Adult primates R2 5 0.6899 R2 5 0.0031
p 5 3.14 3 1026 p 5 0.811

All primates R2 5 0.9331 R2 5 0.0158
p 5 1.29 3 10212 p 5 0.587

Bolus vs. nonbolus material R2 5 0.0051 R2 5 0.0450
p 5 0.759 p 5 0.356

(Brown, 1971; Boshoff and Palmer, 1994; Berger and
Clarke, 1995; Cruz-Uribe and Klein, 1998); however, in
forest habitats where cercopithecoids are common, they
are the predominant prey of crowned hawk-eagles
(Brown, 1971; Skorupa, 1989; Struhsaker and Leakey,
1990; Mitani et al., 2001). Frequencies of non-primate
taxa at Kibale have not been studied, but primates consti-
tute a substantial portion of the mammalian biomass
(Skorupa, 1989; Mitani et al., 2001). Skorupa (1989), who
studied crowned hawk-eagle behavior at Kibale, noted
that antelopes, hyraxes, and primates tend to constitute
the bulk of the diet of this species wherever it occurs, and
that the relative proportions of these three components
tend to reflect local prey availability. The bulk of the prey
remains he identified were also primates.

Diurnal raptor hunting techniques often are described
as a mix of selectivity and opportunism (Stewart et al.,
1997), and, in fact, observed crowned hawk-eagle hunting
techniques are quite variable (Daneel, 1979; Mitani et al.,
2001; Cordeiro, 2003). In forest settings like Kibale,
crowned hawk-eagles may attack monkeys both by gliding
over the canopy and swooping down to grab prey, and by
using sit-and-wait methods to ambush prey (Schultz,
2001). Cooperative hunting by pairs also has been docu-
mented (Daneel, 1979; Steyn, 1983). Surprise or distrac-
tion often plays a role in hunting; crowned hawk-eagles
are quiet fliers, and their coloration serves as effective
camouflage in the canopy (Steyn, 1983). The hunting tech-
nique used may depend upon the individual eagle and the
prey taxon, and, at Ngogo, crowned hawk-eagle predation
levels on monkeys are high enough to constitute a nontriv-
ial population pressure (Mitani et al., 2001).

Distinguishing Taphonomic Signatures of Carnivores

Determining the agents responsible for accumulation of
an assemblage is one primary goal of taphonomic studies;
to do this, distinctive features of various potential accu-
mulating agents must be known (Brain, 1981; Lyman,
1994c, 2002). There has been a great deal of work on dis-
tinguishing the taphonomic signatures of various carniv-
orous taxa that may play roles in assemblage accumula-
tion. For example, marks on bones made by stone tools
may be distinguished from tooth marks made by non-hu-
man mammalian carnivores (Blumenschine et al., 1996),
and shapes of tooth marks may distinguish, to some de-
gree, various mammalian carnivores from each other
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FIGURE 12—Bone survivability (percent survivorship) for digested versus non-digested material from the (new data) sample. Note that axis is
scaled between 0% and 50% survivorship. (A) All material (late August 1999–May 2002). (B) Bolus material. (C) Nonbolus material.

FIGURE 13—Fragmentation (percent whole bones) for digested versus non-digested material. (A) All material (late August 1999–May 2002).
(B) Bolus material. (C) Nonbolus material.
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FIGURE 14—Crowned hawk-eagle digestion and regurgitation of bone.
(A) Bolus, with arrows showing protruding bone fragments; scale bar 5
5 cm. (B) Tarsal bone recovered from bolus, showing heavy dissolution;
scale bar 5 1 mm. (C) Undigested tarsal bone from the Kibale assem-
blage, showing some desiccation, but otherwise intact; scale bar 5 1 mm.
(D) Close-up of bone from a bolus; scale bar 5 50 mm. (E) Close-up of
undigested bone; scale bar 5 50 mm.

(Dominguez-Rodrigo and Piqueras, 2003; Pickering et al.,
2004b). These same kinds of criteria may be used to infer
the involvement of multiple carnivorous taxa, and even in-
fer a sequence of events during assemblage accumulation
(Selvaggio and Wilder, 2001).

Assemblages accumulated by raptors possess a different
taphonomic signature from those accumulated by mam-
malian carnivores (Andrews, 1990), including humans
(e.g., Hockett, 1991). This signature is on display in the Ki-
bale assemblage. Although crowned hawk-eagles are
among the strongest birds and have immense talons and
beaks, they inflict comparatively little damage to the skel-
etons of their prey (other than dismemberment) compared
with that achieved by mammalian predators (Simons,
1966; Mills and Mills, 1977; Brain, 1981). This is particu-
larly true with respect to long bones, which were usually
found complete or with damage limited to proximal and
distal ends, and did not exhibit perforations, nicks, or
punctures. Where they are not ingested or discarded prior
to being brought back to the nest, small, dense elements
such as calcanei and astragali avoid damage and usually
survive intact. Small bones, however, are swallowed easily
by the hawk-eagles and usually suffer chemical damage
before being regurgitated in hair boluses. These features
have been reported from other raptor assemblages (e.g.,
Andrews, 1990; Hockett, 1991; Cruz-Uribe and Klein,
1998; Bochenski and Tornberg, 2003).

A quantitative test of whether fragmentation patterns
differ between crowned hawk-eagle and mammalian car-
nivore-derived assemblages was performed, using the ex-
ample of baboon material (comprising parts of at least ten
individuals, including both preadults and adults) collected
from the Mount Suswa leopard lair in Kenya (Brain, 1981;
see also Pickering et al., 2004a). This example was chosen
because it involved predation by a known mammalian car-
nivore on primate prey, and because the data provided by
Brain (1981) were detailed enough that a fragmentation
profile (Figure 15) could be produced. The profile differs
considerably from those resulting from crowned hawk-ea-
gle predation, with only elements of the hands and feet
surviving unfragmented and complete fragmentation of
many elements (i.e., no elements remaining whole). This
profile differs significantly from that of the entire Kibale
primate assemblage (no correlation: p 5 0.42), as well as
from the subsets of the assemblage investigated in this
study (adult primates only: p 5 0.11; preadult primates
only: p 5 0.37; bolus material only: p 5 0.08).

Chimpanzees are the only other taxon present in the
Ngogo study area capable of hunting prey as large as those
taken by crowned hawk-eagles, and chimpanzee hunting
behavior has been well documented (Watts and Mitani,
2002). However, studies of both experimental and natural
chimp kills (Pickering and Wallis, 1997; Plummer and
Stanford, 2000) show that these bear far more resem-
blance to assemblages accumulated by other mammalian
carnivores than to raptor assemblages in terms of the high
degree of damage and fragmentation to most skeletal ele-
ments. Chimp kills also lack the characteristic puncture
marks, raked scapulae, and can-opener damage docu-
mented for eagles (Andrews, 1990; Sanders et al., 2003).

Assemblages created by diurnal raptors like the
crowned hawk-eagle also have been compared with those
accumulated by owls, and differences are legion. Crowned
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FIGURE 15—Fragmentation (% whole bones) for baboon material
(MNI 5 10) from leopard lair in Mount Suswa caves, Kenya (Brain,
1981).

hawk-eagles (unlike some other diurnal raptors) are ca-
pable of taking much larger prey than any owl. Owls often
swallow their prey entirely; while this may be true for
smaller prey items, crowned hawk-eagles commonly swal-
low only limb extremities, stripping the flesh off the rest of
the bones without ingesting them. Thus, regurgitated ele-
ments constitute much less of diurnal raptor assemblages
than owl assemblages (Hockett, 1996; Cruz-Uribe and
Klein, 1998). While element survivorship and fragmenta-
tion patterns may differ between owl species (Dodson and
Wexlar, 1979; Kusmer, 1990), the differences pale com-
pared with those documented between owls and diurnal
raptors. For example, Hoffman (1988) fed a controlled diet
of 50 mice to seven species, including four owls and three
hawks, and found that less than one element per prey in-
dividual survived in hawk boluses (versus 16 elements per
prey individual for the owls). This survivorship pattern
and the increased levels of damage in surviving bones in
raptor boluses (extensively documented by Andrews,
1990) reflect the more corrosive nature of raptor gastric
acids (Duke et al., 1975; Leprince et al., 1979; Andrews,

1990; Hockett, 1991; Bochenski et al., 1998; Robert and
Vigne, 2002).

In fact, it has been suggested that bones regurgitated by
raptors in some cases may resemble those found in mam-
malian carnivore scats (Hockett, 1996). Despite the poten-
tial resemblance of individual specimens, contextual is-
sues make it highly unlikely that assemblages accumulat-
ed by crowned hawk-eagles would be confused with those
from carnivore scats. This aside, the large number of axial
elements reported in leopard scats after feeding on ba-
boons (Pickering and Carlson, 2004) does not resemble the
composition of crowned hawk-eagle assemblages. Tappen
and Wrangham (2000) looked at colobus bones partially
digested by chimpanzees in Kibale; the largest fragment
they found in chimpanzee scats (mean maximum dimen-
sion of 11.8 mm) is far smaller than the maximum dimen-
sions of bones found in crowned hawk-eagles boluses
(which may reach nearly 50 mm).

Distinguishing the Crowned Hawk-Eagle Assemblage
from Owl-Pellet Assemblages

Recent actualistic work on owl-pellet assemblages
shows that skeletal specimen survivability differentially
decreases and fragmentation increases over time as pel-
lets disaggregate and bone is dispersed or subjected to oth-
er taphonomic agents such as scavenging and weathering
(Terry, 2004), some of which may mimic the effects of di-
gestion (Bochenski and Tomek, 1997). Moreover, changes
in local ecological conditions and availability of prey items
over short time-periods might be reflected in changes in
taxonomic composition of the assemblage (Lyman and Ly-
man, 2003), but likely would be time-averaged.

While confusing raptor digestion with weathering or
erosive damage is unlikely due to the strongly corrosive
nature of raptor gastric acids (Duke et al., 1975; Andrews,
1990; Bochenski and Tomek, 1997), some of the other dif-
ficulties with interpreting owl-pellet assemblages may ap-
ply to material contained in eagle boluses, and, in fact, the
problems might be magnified because of the increased di-
gestion of bones. Bones greatly weakened by digestive ac-
ids are more likely to disperse or be destroyed by subaerial
processes and eventual burial and compaction (Smoke and
Stahl, 2004). Smaller prey items and bones are more likely
to be underrepresented in raptor assemblages to begin
with because they may be swallowed and the bones entire-
ly digested (Boshoff et al., 1990). As shown in this study
and by Simmons et al. (1991), bolus material and skeletal
remains from beneath raptor nests provide very different
taphonomic signatures, each with its inherent biases.
However, these caveats apply only to the relatively small
portion of the assemblage swallowed and regurgitated.

Implications for Assemblage Interpretation: Consistency
of Signal over Time

This study examined the taphonomic signature left by
crowned hawk-eagle predation over six years of collection
below eagle nests, and compared the signatures between
two three-year collection periods to assess signal consis-
tency. Crowned hawk-eagle predation leaves a consistent
signal over time with respect to taxonomic composition of
the assemblage and bone survivorship. Damage patterns
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were somewhat different between collection periods (as-
sessed qualitatively), as were fragmentation patterns (as-
sessed by correlation). As shown above, however, this var-
iability is unlikely to lead to confusion of diurnal raptor as-
semblages with those deposited by mammalian carnivores
or with owl pellet assemblages.

How does the assemblage analyzed here, collected
mainly at bi-weekly intervals over a period of six years,
compare with what might be found in the fossil record
were these nest sites left undisturbed? As discussed above,
most prey bones in the assemblage will not be swallowed
or even extensively damaged. These assemblages certain-
ly may be subjected to other pre- or post-burial taphonom-
ic agents after initial accumulation. In particular, differ-
ential destruction of cranial material (which may not pre-
serve as well as postcranial elements, especially long
bones) may lead to a muting of the signal. However, all
else being equal, one might expect assemblages formed by
predation by raptors like crowned hawk-eagles to be
among the most likely of all carnivore-accumulated as-
semblages to survive with their taphonomic signatures in-
tact. That this signal, at least in the case of crowned hawk-
eagles at Kibale, remains consistent over time only ampli-
fies this conclusion.

CONCLUSIONS

Avian predators may be important contributors to the
fossil record, and identifying the taphonomic features di-
agnostic of diurnal raptor predation is important to as-
semblage interpretation. The results of six years of collec-
tion of prey material from beneath the nests of crowned
hawk-eagles in Kibale National Park, Uganda are report-
ed. The taxonomic composition of the assemblage, com-
posed primarily of cercopithecoid monkey material, rough-
ly resembles that of the Ngogo study area and remains
highly consistent over time. Bone survivability also re-
mains consistent; eagles consume prey in a highly stereo-
typed manner and produce distinctive damage patterns.
Fragmentation patterns are more variable, but this as-
semblage does not resemble those produced either by
mammalian carnivores or by owls. The taphonomic signa-
ture of crowned hawk-eagle predation is distinguishable
from those other predatory accumulating agents and re-
mains consistent over time, leading to an expectation that
it may remain intact in fossil assemblages.
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