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Highlights

� A taphonomic analysis is applied to the study of modern prey samples from Egyptian Vulture nests.
� A substantial diversity of taxa is represented in Egyptian Vulture nest accumulations.
� Anatomical representation varies greatly depending on the taxonomic group.
� A low rate of bone breakage and digestion was recorded.
� Many bones display beak marks. Birds were more affected by bone surface modifications than other prey.
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a b s t r a c t

The Egyptian Vulture (Neophron percnopterus) is one of the smallest vultures in the Old World. Today, this
vulture is seasonal in Europe, spending winter in North Africa and returning to Europe in spring;
however, some permanent populations reside in the south of the Iberian Peninsula and the Balearic
Islands. These birds feed mainly on carrion but are opportunistic and will prey on small mammals, birds
and reptiles. The remains of Egyptian Vultures have been found on archaeological sites dated to the
Pleistocene and Holocene, raising the possibility that they may have been active bone accumulating
agents in caves and shelters, a practice evidenced by contemporary observation. Taphonomic studies on
prey remains consumed by this vulture are very scarce and its role as an agent responsible for bone
accumulations on archaeological sites is not fully understood. In this paper, we analyse bone remains
recovered from three well known Egyptian Vulture nests situated in cliff rock shelters from Osona and
Ripollès regions (Northeast Spain) with the aim of characterising their accumulations. Specifically, we
detail taxonomic and anatomical representation, bone breakage, beak marks and digestion damage.
Results show that very diverse taxonomic groups can be accumulated in Egyptian Vulture nest assem-
blages. The anatomical representation pattern varies greatly depending on the size of prey. Skeletal
remains show a low degree of fragmentation and digestion, whilst the proportion of beak marked bones
is high. Comparisons with other agents of bone accumulation (birds of prey and terrestrial mammalian
carnivores) reveal that the taphonomic signature of Egyptian Vultures differs from most predators.

� 2014 Elsevier Ltd. All rights reserved.

1. Introduction

The Egyptian Vulture (Neophron percnopterus) is a medium-
sized avian scavenger which is widely distributed through the
Palearctic, from southern Europe through sub-Saharan Africa and
the Middle East into central Asia and India (Cramp and Simmons,
1980). Most of these vultures are seasonal in Europe, spending
the winter in North Africa and breeding in Europe in spring; 80% of
the European population inhabits the Iberian Peninsula (Del Moral,
2009). Egyptian Vultures migrate to Iberia at the end of February,
the chicks are born between April and May, and in September they

return to Africa. However, some permanent populations reside in
the south of the Iberian Peninsula and the Balearic Islands (Del
Moral, 2009; Ferguson-Lees and Christie, 2001).

The Egyptian Vulture is the smallest of the European vultures
and with an average weight of 2 kg it cannot compete with larger
scavengers such as the Griffon Vulture (Gyps fulvus), the Black
Vulture (Aegypius monachus) and the Bearded Vulture (Gypaetus
barbatus). For this reason, Egyptian Vultures have a more general-
ised diet: they mainly exploit carcasses of small and medium-sized
mammals and birds; but eggs, fish, snails, even mammal scats are
also part of their diet (Donázar and Ceballos, 1988; García-Heras
et al., 2013; Margalida et al., 2012). Moreover, some cases of
hunting behaviour (i.e., small birds, rabbits, rodents and insects)
have also been observed (Donázar and Ceballos, 1988; Margalida
et al., 2012).

* Corresponding author. School of Archaeology and Ancient History, University of
Leicester, University Road, Leicester LE1 7RH, UK.
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The Egyptian Vulture is gregarious and usually roosts
communally on large trees in numbers that can be very high. In
the North of Spain communal roosts of 200 individuals have been
registered (Ceballos and Donázar, 1990; Donázar et al., 1996).
Breeding takes place in holes in cliffs rock shelters of variable size
where food leftovers and pellets can accumulate (Ceballos and
Donázar, 1990; Donázar et al., 2002). In fact, bone remains of
Egyptian Vultures have been identified in some Pleistocene
archaeological faunal deposits from the Iberian Peninsula at
Urtiaga Würm (Deba, Gipuzkoa) (Elorza, 1990) and Boquete de
Zafarraya in Andalusia (Hernández Carrasquilla, 1994). Thus,
vulture nests can occur in the same spaces frequented by pre-
historic hunter-gatherer populations and the food remains of both
may become intermingled. Indeed, at the base of the same cliff in
which some of the nests we analysed are situated, several
archaeological sites with late Pleistocene and early Holocene
hunter-gatherers occupations have been discovered and exca-
vated (El Castell, Cingle Vermell and Roc del Migdia (Vila, 1985)).
This demonstrates the importance of recognising the taphonomic
signature of this avian scavenger in order to distinguishing be-
tween human and vulture bone accumulations.

In the last few years, assessment of the origin of bone accu-
mulations from archaeological sites has become an important line
of research in taphonomic studies. Following the pioneering

research of Andrews (1990) on small prey remains accumulated by
different predators, several actualistic taphonomic studies have
been conducted for terrestrial carnivores (Álvarez et al., 2012;
Cochard, 2004a; Esteban-Nadal et al., 2010; Lloveras et al., 2008a,
2012a; Mallye et al., 2008; Mondini, 2002; Rodríguez-Hidalgo et al.,
2013; Sanchis, 2000; Sanchis Serra and Pascual Benito, 2011;
Schmitt and Juell, 1994; Stiner et al., 2012) and nocturnal and
diurnal raptors (Bochenski, 2005; Cochard, 2004b; Costamagno
et al., 2008; Hockett, 1996; Laroulandie, 2002; Lloveras et al.,
2008b, 2009, 2012b; Marín Arroyo et al., 2009; Sanchis, 2000;
Schmitt, 1995) to identify the agent responsible for medium and
small-sized prey bone assemblages. These studies provide infor-
mation regarding skeletal representation, fragmentation and
digestion corrosion patterns, which have proved critical in the
analysis and interpretation of sub-fossil bone assemblages thatmay
have been accumulated by different agents. Only one recently
published paper has focused on the Egyptian Vulture (Sanchis Serra
et al., 2013). In their study, Sanchis Serra et al. (2013) analysed prey
remains accumulated in an historical nest that was presumed to
have been occupied by Egyptian Vultures since the medieval
period. For comparison, we provide data about three active and
controlled nests recently occupied by the vultures.

The aims of our work are to: deepen our understanding of the
taphonomic patterns left on prey remains recovered from modern

Fig. 1. Location of the three Egyptian Vulture nests where the samples analysed in the present study were collected. SBG: Sant Bartomeu del Grau, VS: Vilanova de Sau, SM: Serra de
Milany.
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nests of Egyptian Vultures; and provide new data that establishes
criteria by which their role as agents of bone accumulations in
archaeological faunal assemblages can be evaluated.

2. Materials and methods

The skeletal remains analysed in this study come from three
Egyptian Vulture nests located in the North-east of the Iberian
Peninsula (Fig. 1), specifically at: Sant Bartomeu del Grau (Barce-
lona, Spain), Vilanova de Sau (Barcelona, Spain) and Serra deMilany
(Girona, Spain); henceforth SBG, VS and SM respectively. This
geographical area is characterized by a landscape dominated by
high limestone cliffs and outcrops. Large forested areas alternate
with agricultural fields and meadows where livestock farming
predominates.

The samples were collected by members of the Grup de
Naturalistes d’Osona (GNO) with the help of professional
climbers during the winter of 2012, before the breeding season,
to avoid disturbing the birds. The nests were situated in pro-
tected shelters (Fig. 2) and the accumulated remains did not
display any signs of disturbance by other predators. The rocky
substrate in which the cavities had formed is limestone in SBG
and SM, and sandstone in VS. At the VS nest site, a sample
consisting of skeletal remains fallen from the nest was recovered
at the bottom of the cliff, in addition to the materials collected in
the nest. The Egyptian Vulture nests were identified by direct
observation. All nests are active at present, VS has been occupied
since 1999, SBG and SM since 2010. Thus, the samples here
analysed correspond to a 13-year accumulation at VS, and two-
year accumulations at SBG and SM. No occupations of these

nests by Egyptian Vultures or other birds of prey are documented
before prior to these dates.

The recovered material comprised sediment from the rock
shelter (sand and small rocks), wool and twigs (nest construction
materials) and skeletal prey remains of Egyptian Vultures
comprising uneaten and regurgitated bones that are the focus of
this study (Fig. 2). Pellets were found disaggregated, therefore
counts were not possible. Material was dry-sieved through a
1.5 mm mesh in order to recover all prey remains.

Skeletal remains were identified to element, side and taxon
whenever possible. Identifications were made using the animal
bone reference collection of the Departament de Prehistòria,
Història Antiga i Arqueologia, University of Barcelona. The
Number of skeletal elements (N), Number of Identified Speci-
mens (NISP), Minimum Number of Elements (MNE) and Mini-
mum Number of Individuals (MNI) were calculated and relative
frequencies plotted.

The age at death of the preymammals was estimated taking into
account the state of epiphyseal fusion of long bones (humerus, fe-
mur and tibia), metapodials, scapula, calcaneus and innominate, as
well as tooth eruption and wear (Barone, 1976; Grant, 1982; Payne,
1987; Rogers, 1982).

To facilitate comparison of the taphocoenosis of the Egyptian
Vultures with other predators, we follow the same criteria applied
in previous works (Lloveras et al., 2008a, 2008b, 2009, 2012a):

2.1. Anatomical representation

Relative abundance was calculated using the formula advocated
by Dodson and Wexlar (1979):

Fig. 2. Views of the cliff where the VS nest is located and the material accumulated on the surface of the SBG nest before and after collection.
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RAi ¼ MNEi=MNI� Ei

(RAi ¼ the relative abundance of element i; MNEi ¼ the minimum
number of skeleton element i; MNI ¼ the minimum number of
individuals based on the highest number of any single element in
the assemblage; Ei ¼ the number of elements i in the prey
skeleton).

Proportions of skeletal elements in mammals were evaluated
using the following ratios (Andrews, 1990; Lloveras et al., 2008a):

(a) PCRT/CR e the total number of postcranial elements (limbs,
vertebrae and ribs) compared with the total number of cra-
nial elements (mandibles, maxillae and teeth);

(b) PCRAP/CR e the total number of limb elements (long bones,
scapulae, innominate, patellae, metapodials, carpals, tarsals
and phalanges) compared with the total number of cranial
elements (mandibles, maxillae and teeth);

(c) PCRLB/CRe the total number of long bones (humerus, radius,
ulna, femur and tibia) compared with the total number of
cranial elements (mandibles and maxillae).

The following ratios were calculated for birds:

(a) To assess the differential representation of wings and legs
(following Ericson, 1987), the number of wing fragments
(humerus, ulna, carpometacarpus) was divided by the sum of
wing and leg fragments (femur, tibiotarsus, tarsometa-
tarsus), and expressed as a percentage.

(b) To evaluate the proportion of proximal and distal elements
skeleton represented (Bochenski and Nekrasov, 2001), the
number of proximal elements (scapula, coracoid, humerus,
femur, tibiotarsus) was divided by the sum of proximal and
distal fragments (ulna, radius, carpometacarpus, tarsometa-
tarsus), and expressed as a percentage.

(c) To evaluate the proportions of core and limb elements
(Bochenski, 2005), the number of core elements (sternum,
pelvis, scapula, coracoid) was divided by the sum of core and
limb elements (humerus, ulna, radius, carpometacarpus, fe-
mur, tibiotarsus, tarsometatarsus), and expressed as a
percentage.

2.2. Breakage

The breakage pattern was described by the maximum length of
all identified skeletal elements. Percentages of complete elements,
isolated teeth (for mammals) and articulated elements were also
calculated (Andrews, 1990). Fragmentation of bones was analysed
using separate categories for mammals and birds. In the case of the
mammals (small-mammals included), bone fragments were cat-
egorised according to bone type:

- Patellae, carpals, tarsals and ribs were classified as complete (C)
or fragmented (F).

- Phalanges were recorded as complete (C), proximal (P) or distal
(D) fragments. When distinguishing between proximal or distal
was not possible, they were recorded just as fragments (F).

- Vertebrae were recorded as complete (C), vertebral body (VB),
vertebral epiphysis (VE) or spinous process (SP).

- Breakage of teeth was calculated separately for isolated and “in
situ” elements (Fernández-Jalvo and Andrews, 1992) and they
were classified as complete (C) or fragmented (F).

- Breakage categories used for long bones, metapodials, mandi-
bles, crania, scapulae and innominates follow those proposed by

Lloveras et al. (2008a) and applied in subsequent studies
(Lloveras et al., 2008b, 2009, 2012a).

For reptiles only two categories were taken into consideration
for all skeletal elements, complete (C) and fragmented (F).

Fragmentation of bird bones was analysed using the method-
ology proposed by Bochenski et al. (1993). The ratio of proximal and
distal portions of long bones (Bochenski, 2005) was calculated to
observe the difference between whole bone and proximal parts as
well as whole bone and distal parts.

2.3. Digestion

Damage to the bone surfaces was observed under light micro-
scope (�10e�40magnifications). Five degrees of digestion damage
were distinguished for bones and teeth (Fernández-Jalvo and
Andrews, 1992; Lloveras et al., 2008a, 2008b): null (0), light (1),
moderate (2), heavy (3) and extreme (4).

2.4. Beak marks

Damage to the bone surfaces caused by the predator’s beak was
also noted and counted. Following the methodology used in pre-
vious studies (Lloveras et al., 2008a, 2008b, 2009, 2012a) beak
marks were classified as scoring, notches, beak punctures/pits and
crenulated/fractured edges (Andrews, 1990; Binford, 1981; Brain,
1981). In order distinguish beak marks from carnivore marks,
punctures and pits were classified taking into account their dis-
tribution (unilateral or bilateral) and number (isolated or multiple)
(Sanchis Serra et al., 2013).

3. Results

A total of 327 skeletal remains were analysed: 99 from SBG; 37
from SM; and 191 from VSwhere 131 remains came from inside the
nest and 60 were recovered from nest materials at the bottom of
the cliff. The samples are small and given the time spansmentioned
above, it is clear that the rate of accumulation at Egyptian Vulture
nests is low. This is particularly so when compared to the frequency
of bones occurring in assemblages accumulated by other diurnal or
nocturnal raptors, such as the Eagle Owl, the Golden Eagle or the
Bearded Vulture (see for instance Lloveras et al., 2012b; Marín-
Arroyo and Margalida, 2012).

The data from the three nest sites have been combined and
analysed as a single assemblage; since the accumulating agent is
the same for the three original samples it was assumed that the
taphonomic pattern would not differ between them.

3.1. Taxonomic representation

Despite the small sample size a wide range of taxa was recorded
(Table 1). They are grouped according to their taxonomic status:
small-mammals (insectivores, rodents and bats), carnivores, lep-
orids, domestic mammals, birds and reptiles. Carnivores were
represented by fox (Vulpes vulpes), beech marten (Martes foina),
badger (Meles meles) and European polecat (Mustela putorius).
Domestic mammals were represented by cattle (Bos taurus), cap-
rines (Ovis/Capra) and suid (Sus sp.) remains. The leporids, with the
exception of one hare (Lepus sp.) bone, are rabbits (Oryctolagus
cuniculus). The birds recovered include domestic chicken (Gallus
domesticus), pigeon (Columba sp.), Yellow-legged Gull (Larus
michahellis) and some unidentified corvid and passerine remains.
Reptiles were mainly represented by Montpellier snake (Malpolon
monspessulanus); a small species of an unidentified colubrid was
also present.
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The most abundant skeletal remains by group were leporids
(40.7%) followed by reptiles (18.6%) and domestic mammals (17.7%)
(Table 1). The best represented species wereO. cuniculuswith 40.4%
of the total remains, M. monspessulanus (18.3%), Sus sp. (10%) and
Columba sp. (8.3%). The greatest Minimum Number of Individuals
(MNIs) was provided by O. cuniculus (9), Columba sp. (5) and Sus sp.
(5).

Table 2 shows the taxa and the number of remains separately for
each of the nests samples. Carnivores, domestic mammals and birds
are represented in all of them. Colubrids and small mammals were
not present at the SM nest site.

3.2. Age at death

Age at death varied among the mammalian taxa (Table 1). All
carnivore and leporid individuals that could be aged were adult.
However, domestic mammals were mostly represented by

immature individuals, with four out of the six estimated individuals
being neonates, one an infant and the other an adult.

3.3. Taphonomic analysis

Almost all skeletal elements were present, although their
presence and frequency varied depending on the taxonomic group.
Observation of breakage patterns revealed that prey remains were
minimally fragmented. Only 7.8% of remains measured less than
10 mm and the average percentage of complete bones was 72.3%.
Additionally, 30% of bones were still articulated and all teeth
remained within their alveoli.

Only 6.1% of bones were affected by digestion damage and no
teeth were digested. The low frequency of digested remains implies
that very few derived from pellets and that most elements repre-
sented non-ingested remains. Most of the digested bones (50%)
showed a moderate degree of digestion corrosion.

A high percentage of remains (16.4%) displayed beak damage.
Punctures, beak pits, notches, crenulated and fractured edges and
scores were registered on the surfaces of the recovered bones in
frequencies that varied by taxonomic group. Birds, leporids and
domestic mammals showed the highest frequency of beak marks.
Pits and punctures were mostly isolated (80%) and unilateral

Table 2
N, NISP, MNE and MNI by taxa recovered at each nest sample. SBG: Sant Bartomeu
del Grau. VS: Vilanova de Sau. SM: Serra de Milany.

<!–Col Count:5–> N NISP MNE MNI

SBG Taxa
Rattus 1 1 1 1
Erinaceus 1 1 1 1
Rodentia 1 1 1 1
Vulpes vulpes 1 1 1 1
Oryctolagus cuniculus 52 52 52 3
Sus sp. 16 16 16 2
Gallus 1 1 1 1
Passeriformes 4 4 4 1
Malpolon 21 21 21 1
Colubridae 1 1 1 1
Total 99 99 99 13
SM Taxa
Micromammal unident. 2 2
Vulpes vulpes 1 1 1 1
Oryctolagus cuniculus 14 14 14 2
Bos taurus 1 1 1 1
Ovis/Capra 5 5 5 1
Sus sp. 6 6 6 1
Domestic mammal unident. 6 6
Gallus gallus 2 2 2 1
Total 37 29 37 7
VS Taxa
Muridae 1 1 1 1
Rattus norvegicus 4 4 4 2
Rattus sp 1 1 1 1
Chiroptera 13 13 13 1
Martes foina 1 1 1 1
Meles meles 1 1 1 1
Mustela putorius 1 1 1 1
Oryctolagus cuniculus 66 66 66 4
Lepus europaeus 1 1 1 1
Ovis/Capra 3 3 3 1
Sus sp. 11 11 5 2
Domestic mammal unident. 10 10
Phasianidae 1 1 1 1
Gallus 4 4 3 1
Corvidae 5 5 5 1
Columba sp 27 27 26 5
Larus michahellis 1 1 1 1
Bird unident. 1 1
Malpolon 39 39 39 1
Total 191 180 183 26

Table 1
Summary of the analysed sample. Key: Ne number of specimens; NISPeNumber of
Identified Specimens; MNE e Minimum Number of Elements; MNI e Minimum
Number of Individuals; % e percentage of bone remains (N) recovered in each
taxonomic group; Neoe neonate; Infe infantile; Juve juvenile; Ade adult. The age
at death values were determined using the MNIQ1 .

Taxa N % NISP MNE MNI Age at death

Neo. Inf. Juv. Ad.

Small mammals
Erinaceus europaeus 1 1 1 1
Chiroptera 13 13 13 1
Rodentia 1 1 1 1
Muridae 1 1 1 1
Rattus norvegicus 4 4 4 2
Rattus sp. 2 2 2 2
Unidentified 2 2
Total 24 7.3 22 24 8
Carnivores
Vulpes vulpes 2 2 2 2

1
Mustela putorius 1 1 1 1

1
Martes foina 1 1 1 1

1
Meles meles 1 1 1 1

1
Total 5 1.5 5 5 5
Leporids
Lepus europaeus 1 1 1 1

1
Oryctolagus cuniculus 132 132 132 9

9
Total 133 40.7 133 133 10
Domestic mammals
Bos taurus 1 1 1 1
Ovis/Capra 8 8 8 2 1
Sus sp. 33 33 27 5 3 1
Unidentified 16 16

1
Total 58 17.7 42 52 8
Birds
Phasianidae 1 1 1 1
Gallus domesticus 7 7 7 3
Columba sp. 27 27 26 5
Larus michahellis 1 1 1 1
Corvidae 5 5 5 1
Passeriformes 4 4 4 1
Unidentified 1 1
Total 46 14.1 45 45 12
Reptiles
Malpolon monspessulanus 60 60 60 2
Colubridae 1 1 1 1
Total 61 18.6 61 61 3
Total whole sample 327 100 308 320 46
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(90.5%). Although previous access to the bones by terrestrial car-
nivores cannot be completely excluded, the lack of characteristic
carnivore damage (such as gnawing and high rate of scrapes), as
well as the characteristics and location of the mechanical alter-
ations, indicate that bone surface damage was inflicted by Egyptian
Vulture’s (Lloveras et al., 2008a,b, 2009; Sanchis, 2012; Sanchis
Serra et al., 2013).

Henceforth, each group was treated separately in the analysis to
account for the potential that different taxa might exhibit different
taphonomic patterns.

3.3.1. Carnivores
3.3.1.1. Anatomical representation. Cranial remains were not
recovered; the only skeletal elements present were long bones (2),
scapula (1), innominate (1) and vertebrae (1) (Tables 3 and 4). The
numbers are too small to establish a specific pattern for anatomical
representation.

3.3.1.2. Breakage. The average maximum length of the recovered
remains was 60.4 mm, with values ranging between 49.3 and
81.7 mm. They were all complete (Table 5), with the exception of a
M. meles scapula, which was partially damaged on the infraspinous
fossa.

3.3.1.3. Digestion and beak marks. No digestion damage was
observed on the surfaces of the carnivore skeletal remains. Traces
left by beaks of Egyptian Vultures were observed on two bones
(40%). They occurred on a scapula and a pelvis and the damage
registered on each was in the form of fractured/crenulated edges
and scoring.

3.3.2. Domestic mammals
3.3.2.1. Anatomical representation. The best represented skeletal
elements were cranial and mandible fragments, vertebrae and ribs
(Tables 3 and 4). Appendicular bones were very scarce, especially
autopodia, only two metapodials were recovered. Relative

abundance was calculated for Sus sp. because it is the taxon with
the highest number of remains. Results show (Table 4, Fig. 3) that
cranial fragments dominate (RA% ¼ 80), followed bymandibles (RA
% ¼ 20) and innominates (RA% ¼ 20). Indices that compare post-
cranial to cranial elements indicate that fewer postcranial elements
were present than would be expected (PCRT/CR ¼ 10.9, PCRAP/
CR ¼ 9.7, PCRLB/CR ¼ 10).

3.3.2.2. Breakage. The size of the recovered remains varied with
maximum lengths between 8.1 and 138.6 mm (average 47.5 mm).
The average percentage of complete elements was 36.8%, which
mainly corresponds to teeth and ribs (Table 5). Articulated ele-
ments were not found in this sample.

Breakage categories (Table 6) show that:

- skulls were never complete and they were always identified on
parts of the neurocranium (NC);

- mandibles are represented by body fragments including the
incisive part (MBI);

- all teeth were recovered in situ and they were always complete
(100%);

- vertebrae were complete in 18.2% of cases, the most common
fragments being vertebral bodies (VB); ribs were complete in
53.8% of cases;

- innominates were represented by fragments containing the
acetabulum and ilium (AIL);

- scapulaewere represented by only one fragment comprising the
fossa;

- long bones and metapodials were complete in 28.6% of cases;
different breakage categories, including fragments of proximal
epiphysis (PES), shaft (S) and distal epiphysis (SDE) were
recorded (Table 6).

A total of 11 bone fragments (19.3%) displaying butchery marks
from amechanical saw, included six vertebrae, and single examples
of rib, humerus, femur, tibia and metapodial. This demonstrates

Table 3
Number of skeletal elements recovered by taxonomic group and species. Abbreviations: man e mandible; cra e cranium; inc e incisors; can e canines; mol emolars; hum e

humerus; rad e radius; uln e ulna; fem e femur; tib e tibia; pat e patella; sc e scapula; inn e innominate; mtc e metacarpals; mts e metatarsals; mt e metapodial; phal e
phalanges; cal e calcaneum; ast e astragalus; c/t e carpal/tarsal; ver e vertebrae; rib e rib; ind e indeterminate.

Mammals and reptiles

Taxa man cra inc can mol hum rad uln fm tib pat sc inn mtc mts mt phal cal ast c/t ver rib ind

Small mammals
Muridae 1
Rattus norvegicus 1 3
Rattus sp. 1 1
Erinaceus europaeus 1
Rodentia 1
Chiroptera 1 5 7
Unident. 2
Carnivores
Vulpes vulpes 1 1
Martes foina 1
Meles meles 1
Mustela putorius 1
Leporids
Oryctolagus cuniculus 12 4 10 81 1 2 4 7 11
Lepus europaeus 1
Domestic mammals
Bos taurus 1
Ovis/Capra 1 1 1 3 2
Sus sp. 2 10 6 1 4 1 2 1 4 2
Unident. 1 1 1 4 8 1
Reptiles
Malpolon monspessulanus 52 8
Colubridae 1
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that most of the scavenged domestic mammals had previously
been fragmented as a result of human activity. It is likely that these
elements were acquired from a rubbish dump situated near the
study area at which scavenging by Egyptian Vultures has been
documented.

3.3.2.3. Digestion and beak marks. Digestion corrosion was
observed on the surface of only four (7%) small fragments of long
bones and vertebrae (Fig. 4). The degree of damage registered was:
light (1); moderate (1); and strong (2).

Traces left by beaks were observed in eight bones (14%) from
this sample (Fig. 5). Most were on ribs (4) and long bones (2); the
rest were located on crania (1), mandible (1), and pelvis (1). Beak
punctures (3) and crenulated/fractured edges (3) were the most
common traces, followed by notches (2) and scoring (1).

3.3.3. Leporids

3.3.3.1. Anatomical representation. This sample was mainly
composed of mandible and cranial fragments (accounting for over
80% of the remains), followed by ribs (8.3%) and vertebrae (5.2%).
The appendicular skeleton was only represented by one femur, one
scapula, two innominate and four metatarsals (Tables 3 and 4). The
relative abundance of skeletal elements (RA%) is shown in Table 4
and Fig. 6. Results confirm that the skull (mandibles, cranium and
teeth) was the best represented element. Innominate, scapula, fe-
mur, metatarsals, ribs and vertebrae were rarely preserved. Indices
to evaluate the relative proportions of skeletal elements indicate far
fewer postcranial compared to cranial remains (PCRT/CR ¼ 4.8,
PCRAP/CR ¼ 2.1, PCRLB/CR ¼ 2.9).

3.3.3.2. Breakage. The size of the leporid remains ranges between
26.3 and 70.1 mm; the average maximum length was 52.4 mm.
Complete elements constituted 81.2%. The highest values were
obtained for the small elements such as teeth, metapodials and
vertebrae (Table 5). Breakage was more frequent on crania and
mandibles. In the latter, fragmentation was mostly concentrated in

the condylar process (Tables 5 and 6). A total of 21 (15.8%) skeletal
remains within the entire leporid sample were recovered in
articulation.

Breakage categories (Table 6) show that:

- skulls were complete in 25% of cases and their fragments were
identified by parts of neurocranium (NC) and maxilla (M);

- mandibles were complete in 33.3% of cases, their fragments
were represented by body portions including the incisive part
(MBI and MBIB);

- all teeth remained in situ and they were always complete
(100%);

- vertebrae were complete in 85.7% of cases, their fragments are
represented by vertebral body (VB); ribs were never complete;

- innominates were complete in 50% of cases and their fragments
were represented by portions containing the acetabulum,
ischium and ilium (AISIL);

- scapulae were represented by only one complete element;
- long bones were represented by one femur fragment including
the proximal epiphysis and shaft (PES), all metapodials were
complete.

3.3.3.3. Digestion and beak marks. Only one fragmented scapula
showed digestion (0.8% of leporid remains) with a moderate degree
of damage.

Beak marks were observed on ten specimens (7.5%). Most of
them occur on mandibles (5) and vertebrae (3), the rest being
located on the innominate (1) and femur (1). Beak punctures (9)
and beak pits (4) were the most common damage, followed by
crenulated/fractured edges (2) and notches (1) (Fig. 5).

3.3.4. Small-mammals and reptiles

3.3.4.1. Anatomical representation. The autopodium, specifically
carpal (31.8%) and metacarpal (22.7%) bones, is the best repre-
sented part in the small-mammal sample. This is due to the

Table 4
Skeletal elements recovered from Egyptian Vulture nests by taxonomic group. Key: Ne number of skeletal elements; N%e percentage of skeletal elements percentage; MNEe

minimum number of elements; RA e relative abundance. *Molars and premolars were counted together. For abbreviations see the caption for Table 3.

Small mammals Carnivores Leporids Domestic mammals Reptiles

N N% MNE N N% MNE N N% MNE RA% N N N% MNE RA% N N% MNE

man 0 0 0 0 0 0 12 9 12 60 12 12 9 12 60 0 0 0
cra 1 0 0 0 0 0 4 3 2 20 4 4 3 2 20 0 0 0
inc 0 0 0 0 0 0 10 7.5 10 16.7 10 10 7.5 10 16.7 0 0 0
can e 0 0 0 0 0 e e e e e e e e e 0 0 0
mol 0 0 0 0 0 0 e e e e e e e e e 0 0 0
upper mol e e e e e e 21 15.8 21 17.5 21 21 15.8 21 17.5 e e e

lower mol e e e e e e 60 45.1 60 60 60 60 45.1 60 60 e e e

hum 0 1 1 1 20 1 0 0 0 0 0 0 0 0 0 e e e

rad 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 e e e

uln 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 e e e

fem 2 0 0 0 0 0 1 0.8 1 5 1 1 0.8 1 5 e e e

tib 1 1 1 1 20 1 0 0 0 0 0 0 0 0 0 e e e

pat 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 e e e

sc 0 1 1 1 20 1 1 0.8 1 5 1 1 0.8 1 5 e e e

inn 3 1 1 1 20 1 2 1.5 2 10 2 2 1.5 2 10 e e e

mtc 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 e e e

mts 1 0 0 0 0 0 4 3 4 5 4 4 3 4 5 e e e

mt 0 0 0 0 0 0 0 0 0 e 0 0 0 0 e e e e

phal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 e e e

cal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 e e e

ast 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 e e e

c/t 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 e e e

ver 1 1 1 1 20 1 7 5.2 7 1.5 7 7 5.2 7 1.5 53 86.9 53
rib 0 0 0 0 0 0 11 8.3 11 4.6 11 11 8.3 11 4.6 8 13.1 8
Total 22 5 5 5 e 5 133 e 131 e 133 133 e 131 e 61 e 61
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recovery of an articulated bat wing (Tables 3 and 4). Innominate
(13.6%) and some long bones (18.1%) were also present. Only one
cranial fragment was recovered and the axial skeleton was repre-
sented by one vertebrae.

The skeletal profile of the reptiles is mainly based on the pres-
ence of vertebrae (86.9%), although a few ribs (13.1%) were also
recovered. No cranial remains were found (Tables 3 and 4).

3.3.4.2. Breakage. The average maximum length of remains in the
small-mammal group was 11.9 mm (values range 2.0 mme

45.2 mm). Most remains were recovered complete (i.e., all carpals
and the metatarsal), the average percentage was 72.7%. In the case
of the long bones and innominate the frequency of complete re-
mains was 75% and 50%, respectively (Table 5). Innominate frag-
ments were represented by portions containing the acetabulum,

ischium and ilium (AISIL). The only cranial fragment recovered was
a partial maxilla (M).

The maximum length of Colubrid remains was between 4.3 and
15.2 mm (averagemaximum length 6.7 mm). With the exception of
two ribs, all the remains were complete (96.7%) with 85.2% being
articulated (N ¼ 52) (Table 5).

3.3.4.3. Digestion and beak marks. The surface of three small-
mammal bones displayed signs of digestion (13.6%). The degrees
of damage registered were: moderate (1); and extreme (2). In
addition, the only remains damaged by vulture beak were the three
innominates of the common rat (13.6%). They showed crenulated
and fractured edges.

The reptile remains were not digested nor was there any beak
damage.

3.3.5. Birds

3.3.5.1. Anatomical representation. With the exception of the
furcula all parts of the avian skeleton were recovered (Table 7). The
pectoral arch and wing bones showed the highest values, specif-
ically scapula (13%), humerus (13%), coracoid (10.9%) and ulna
(10.9%). Pelvis (10.9%) and tibiotarsus were also abundant (8.7%).
Scapulae and coracoids were usually articulated. Relative abun-
dance varied by skeletal element (Table 7, Fig. 7): fragments of the
trunk (sternum and pelvis) were abundant (25% and 33% respec-
tively), pectoral arch and wing bones also prevailed (Fig. 7). Crania
were also well represented (25%) but only for G. domesticus, for
which the other skeletal elements were rare.

Relative abundance was calculated separately for Columba sp.
because this was the best represented taxon. Results show that the
sternum, pelvis, scapula, coracoid and humerus were the most
frequent elements; the femur and tibiotarsus were scarce, and
other skeletal elements were absent (Table 7, Fig. 7).

The ratio of wing to leg elements indicates that wing bones
account for 66.7% of the sum of wing and leg bones. The deviation

Table 5
Numbers and percentages of complete skeletal remains by taxonomic group. For abbreviations see the caption for Table 3.

Small mammals Carnivores Leporids Domestic mammals Reptiles

N C C% N C C% N C C% N C C% N C C%

man 0 e e 0 e e 12 4 33.3 2 0 0 0 e e

cra 1 0 0 0 e e 4 1 25 10 0 0 0 e e

inc 0 e e 0 e e 10 10 100 6 6 100 0 e e

can 0 e e 0 e e e e e 1 1 100 0 e e

mol 0 e e 0 e e e e e 4 4 100 0 e e

upper mol e e e e e e 21 21 100 e e e e e e

lower mol e e e e e e 60 60 100 e e e e e e

hum 0 e e 1 1 100 0 e e 2 0 0 e e e

rad 1 1 100 0 e e 0 e e 1 1 100 e e e

uln 0 e e 0 e e 0 e e 0 e e e e e

fem 2 2 100 0 1 100 1 0 0 1 0 0 e e e

tib 1 0 0 1 1 100 0 e e 1 0 0 e e e

pat 0 e e 0 e e 0 e e 0 e e e e e

sc 0 e e 1 0 0 1 1 100 1 0 0 e e e

inn 3 1 33.3 1 1 100 2 1 50 2 0 0 e e e

mtc 5 5 100 0 e e 0 e e 0 e e e e e

mts 1 0 0 0 e e 4 4 100 1 0 0 e e e

mt 0 e e 0 e e 0 e e 1 0 0 e e e

phal 0 e e 0 e e 0 e e 0 e e e e e

phal3 0 e e 0 e e 0 e e 0 e e e e e

cal 0 e e 0 e e 0 e e 0 e e e e e

ast 0 e e 0 e e 0 e e 0 e e e e e

c/t 7 7 100 0 e e 0 e e 0 e e e e e

ver 1 0 0 1 1 100 7 6 85.7 11 2 18.2 53 53 100
rib 0 e e 0 e e 11 0 0 13 7 53.8 8 6 75
Total 22 16 72.7 5 4 80 133 108 81.2 57 21 36.8 61 59 96.7

Fig. 3. Relative abundance of different parts of the skeleton for Sus sp. remains. For
abbreviations see the caption for Table 3.
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from the expected 50% (1:1 proportion) evidences a higher repre-
sentation of wing bones. The ratio of proximal to distal bones was
73.3%, so the predominance of proximal bones is confirmed. Finally,
the ratio of the core to limb elements was 78.6%, pointing to amajor
presence of central elements.

3.3.5.2. Breakage. The size of the recovered remains ranged be-
tween 5.1 and 82.2 mm (average maximum length 38.1 mm). The
degree of fragmentationwas low; on average 58.7% of the elements
were complete, with mandibles, crania and sternum being the least
fragmented (Table 7). Ten (21.7%) skeletal remains (Passeriformes
and Columba sp.) were articulated; most being coracoids articu-
lated to scapulae (N ¼ 6; 13%).

Breakage categories (Table 8) show that:

- most long bones (including the scapula and coracoid) were
recovered complete (73.3%);

- percentages of proximal and distal ends (data pooled for all long
bones: Table 8) were low (13.3% and 6.7% respectively), shafts
(fragments without articular ends) were also poorly represented
(6.7%), and fragments of scapula were always proximal;

- skulls were represented by different type of fragments including
always the brain case;

- mandibles were represented by only one fragment of pars
symphysialis;

- all pelvis fragments included the synsacrum and both ilium-
ischia-pubis bones;

- all sternum fragments included the rostrum and more than half
of the element.

3.3.5.3. Digestion and beak marks. Birds were the taxa most
affected by digestion damage (Fig. 4): 11 remains (23.9%) that
include mostly long bones (90.9% of cases). All showed a light
(36.4%) or moderate (63.6%) degree of digestion.

Traces left by beaks were observed in 13 bones, 28.3% of the
sample (Fig. 5). Most of them occurred on the pelvis (4) and ster-
num (3). The rest were located on crania (1), coracoid (1), scapula
(1), humerus (1), tibiotarsus (1) and vertebrae (1). Beak punctures
(11) were the most common damage, followed by beak pits (3),
crenulated/fractured edges (3) and notches (2).

4. Discussion

Biological studies conducted on the feeding habits of the
Egyptian Vulture have described its diet as extremely varied
(Ceballos and Donázar, 1990). Our results match with the taxo-
nomic representation presented in these works (Ceballos and
Donázar, 1990; Donázar and Ceballos, 1988; Hidalgo et al., 2005;
Oró, 1992). Depending on the area of study, the dominant prey
varies according to the availability of food and opportunities for
scavenging. However, all studies include remains of wild animals,
probably from naturally dead animals, road kills and predation
upon ill or immature/old individuals; which always includes car-
nivores, leporids (rabbits usually form a significant part of Iberian
vultures diets), small-mammals, birds and reptiles. The most
common domestic mammals are caprines and pigs, while cattle
and horses are less well represented. A considerable proportion of
domestic prey is most likely taken from feeding points and rubbish
dumps (Hidalgo et al., 2005).

Sanchis Serra et al. (2013) also found a great diversity of taxa in
Egyptian Vulture nest accumulations. The same taxonomic groups
are represented in our samples; however, the relative importance
varies: leporids, birds and large domestic mammals (in this order)
are the best represented (byMNI) in this study, whilst Sanchis Serra
et al. (2013) observed that large domestic mammals, carnivores and
leporids were most abundant. This confirms that taxonomic rep-
resentation in this raptor nests varies according to the area of study
and prey availability. However, our study also revealed (Table 2)
that taxonomic diversity increases over time : the 13-year

Table 6
Numbers and percentages of parts of the skeleton included in each breakage cate-
gory for domestic mammals and leporids. Long bones, metacarpal and metatarsal
bones were classified as: complete (C); proximal epiphysis (PE); proximal
epiphysisþ shaft (PES); shaft (S); shaft þ distal epiphysis (SDE); and distal epiphysis
(DE). Mandible as: complete (C); incisive part (IP); mandible body þ incisive part
(MBI); mandible body (MB); mandible bodyþ branch (MBB); and condylary process
(CP). Cranium as: complete (C); incisive bone (IB); incisive bone þ maxilla (IBM);
maxilla (M); zygomatic arch (ZA); and neurocranium (NC). Innominate as: com-
plete (C); acetabulum (A); acetabulum þ ischium (AIS);
acetabulum þ ischium þ ilium (AISIL); acetabulum þ ilium (AIL); ischium (IS); and
ilium (IL). Scapula as: complete (C); glenoid cavity (GC); glenoid cavity þ neck
(GCN); neck þ fossa (NF); and fossa (F). Vertebrae as: complete (C); vertebral body
(VB); vertebral epiphysis (VE); and spinous process (SP). Phalanges as: complete
(C); proximal fragment (P); distal fragment (D); and fragment (F). Patella, carpal/
tarsal, calcaneum, astragalus, ribs and teeth as: complete (C); and fragment (F).

Domestic mammals

Long bones and metapodial C PE PES S SDE DE

N % N % N % N % N % N %

Humerus 0 0 1 50 0 0 0 0 1 50 0 0
Radius 1 100 0 0 0 0 0 0 0 0 0 0
Ulna 0 0 0 0 0 0 0 0 0 0 0 0
Femur 1 100 0 0 0 0 0 0 0 0 0 0
Tibia 0 0 0 0 0 0 1 100 0 0 0 0
Metapodial 0 0 0 0 0 0 1 50 1 50 0 0

Mandible N % Cranium N % Innominate N % Scapula N %

C 0 0 C 0 0 C 0 0 C 0 0
IP 0 0 IB 0 0 A 0 0 GC 0 0
MBI 2 100 IBM 0 0 AIS 0 0 GCN 0 0
MB 0 0 M 0 0 AISIL 0 0 NF 0 0
MBB 0 0 ZA 0 0 AIL 2 100 F 1 100
PC 0 0 NC 10 100 IS 0 0

IL 0 0

Vertebrae N % Ribs N % Teeth Incisors Canines Molars

N % N % N %

C 2 18.2 C 7 53.8
VB 7 63.6 F 6 46.2 C 6 100 1 100 4 100
VE 0 0 F 0 0 0 0 0 0
SP 2 18.2

Leporids

Long bones and metapodial C PE PES S SDE DE

N % N % N % N % N % N %

Humerus 0 0 0 0 0 0 0 0 0 0 0 0
Radius 0 0 0 0 0 0 0 0 0 0 0 0
Ulna 0 0 0 0 0 0 0 0 0 0 0 0
Femur 0 0 0 0 1 100 0 0 0 0 0 0
Tibia 0 0 0 0 0 0 0 0 0 0 0 0
Metacarpus 0 0 0 0 0 0 0 0 0 0 0 0
Metatarsus 4 100 0 0 0 0 0 0 0 0 0 0

Mandible N % Cranium N % Innominate N % Scapula N %

C 4 33.3 C 1 25 C 1 50 C 1 100
IP 0 0 IB 0 0 A 0 0 GC 0 0
MBI 1 8.3 IBM 0 0 AIS 0 0 GCN 0 0
MB 0 0 M 1 25 AISIL 1 50 NF 0 0
MBB 7 58.3 ZA 0 0 AIL 0 0 F 0 0
PC 0 0 NC 2 50 IS 0 0

Vertebrae N % Ribs N % Teeth Incisors Upper molars Lower molars

N % N % N %

C 6 85.7 C 0 0
VB 1 14.3 F 11 100 C 10 100 12 100 60 100
VE 0 0 F 0 0 0 0 0 0
SP 0 0
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accumulation (VS) shows a higher diversity than the two-year
accumulations.

The prey diversity identified in our three nest samples is a
characteristic feature of this avian scavenger. When analysing
archaeological samples of different periods, it should be taken into
account that such diversity may also accrue as a result of seasonal
availability of resources.

In relation to the age at death of prey, differences among diverse
mammal taxonomic groups were evident. Given the opportunistic
feeding habits of Egyptian Vulture it is to be assumed that they
would take advantage of the available prey, independently of the
age-class. Domestic mammals, especially Sus sp., were mostly
represented by very young individuals. These remains probably
came from dead individuals taken from rubbish dumps receiving
farm and slaughterhouse refuse. In contrast, carnivores and lepor-
ids were mostly represented by adult individuals. Similar mortality
profiles were registered by Sanchis Serra et al. (2013).

Body part representation at the nests varied with taxonomic
group or species. The present study recorded differential trans-
portation of parts of the prey carcasses to the nest. Domestic
mammals and rabbits were mainly represented by cranial remains
while almost all skeletal parts of birds were found. The greatest
frequency of particular skeletal elements accumulated in the nests
may be related to the availability of anatomical parts in scavengable
remains. However, the size of the prey also appears to be an
important factor. Small prey, such as small-mammals, young rab-
bits or small-sized birds, is usually transported to the nest whole,
whereas when vultures feed on medium-sized prey such as adult
rabbits or large birds they usually only transport skulls or limb
bones. When they scavenge on large prey, such as ungulates, only
isolated bones (vertebrae, ribs, appendicular bones, etc.) are
transported (J.A. Donázar, personal communication). Thus, it may
be concluded that the anatomical pattern obtained is strongly
related to the feeding behaviour of Egyptian Vultures (Hidalgo et al.,
2005).

With respect to breakage, all variables analysed indicate that
Egyptian Vultures do not frequently fragment the bones of their
prey. The percentage of complete elements is high for all taxonomic
groups (leporids: 81.2%, small-mammals: 72.7%, reptiles: 96.7%,

birds: 58.7%) with the exception of domestic mammals (36.8%)
where fragmentation relates to the anthropic activities fromwhich
they derive. The size of prey remains recovered also confirms the
low occurrence of broken elements: only 7.8% of the total assem-
blage was less than 10 mm in length. In addition, the frequency of
articulated remains was also high (30%) and all teeth were recov-
ered in situ; this is related to the fact that flesh was removed from
most bones, but that they were not ingested. The sample analysed
consisted mostly of non-ingested remains; although pellets are
commonly produced by Egyptian Vultures (see for instance
Ceballos and Donázar, 1990), very few of them are accumulated in
nests (J.A. Donázar, personal communication). Furthermore, these
vultures have a long and sharp beak, ideally adapted for picking the
small bits of meat remaining on the bones and do not break and
ingest large amounts of bones as do other larger vultures species
(Donázar and Ceballos, 1988; Hidalgo et al., 2005). Our results are
consistent with the data provided by Sanchis Serra et al. (2013),
which also showed a high proportion of complete bones (average
45.1%) and abundance of articulated skeletal remains (30.3%) as
well as the scarcity of pellets.

Bone surface alterations are undoubtedly one of the important
distinctive features used to identify accumulating agents. In the
case of Egyptian Vulture nest accumulations, the scarce number of
remains from pellets implies a low percentage of digested remains
(only 6.1%). However, differences were found between taxa; for
example, birds were the group most likely affected by digestion
damage (23.9%). This fact is related to the feeding behaviour of the
Egyptian Vulture, which usually ingests small prey bones but re-
jects the bones of larger prey (J.A. Donázar, personal communica-
tion). The percentage of digested remains recorded by Sanchis Serra
et al. (2013), although higher than the value obtained in the present
study, was also low (11%).

Beak marks mainly comprised punctures and pits, occurring on
diverse parts of skeletal remains; and fractures, crenulations and
notches affecting edges of bones (Fig. 5). All taxa, with the excep-
tion of reptiles, were affected by beak marks, but birds were again
the most damaged. Sanchis Serra et al. (2013) found a higher pro-
portion of beak marks on Egyptian Vulture accumulations from
Valencia (26.7%). We also found variation in the frequency of

Fig. 4. Examples of digestion corrosion damage caused by the Egyptian Vulture in mammal (A, B, C) and bird (D, E, F) remains. A: fragment of domestic mammal vertebrae, B:
ovicaprine metapodial, C: Rattus sp. vertebrae, D: Columba sp. coracoide, E: Corvidae tibiotarsus, F: Columba sp. femur.
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different kinds of beak damage in this study, punctures being more
abundant than pits (30% vs 10%), whereas Sanchis Serra et al.
observed the reverse pattern (39.9% vs 11.5%). Some differences can
be related to the methodological approach followed, but they are
also a result of the variability that can be found in the taphonomic
signature of this predator.

4.1. Egyptian Vulture and other predators

The main goal of this kind of actualistic taphonomic studies is to
identify the diagnostic signatures for each predator in order

identify their contributions when analysing archaeological assem-
blages. To achieve this objective, comparisons with different kind of
predators are presented below.

4.1.1. Egyptian Vulture and other vultures
Only Bearded Vulture (G. barbatus) nest bone accumulations

have been analysed from a taphonomic point of view (Marín-
Arroyo and Margalida, 2012; Robert and Vigne, 2002; Robert
et al., 2002). Data provided in these studies showed that this
vulture can accumulate large numbers of bones, principally from
medium-sized ungulates. The skeletal profile derived from a

Fig. 5. Examples of beak marks produced by the Egyptian Vulture on the surface of bones including: punctures and pits on mammal (AeE) and bird (EeF) remains; notches and
crenulated edges on mammals (H) and birds (G). A: Sus sp. mandible, B: Oryctolagus cuniculus mandible, C: Oryctolagus cuniculus vertebrae, D: Oryctolagus cuniculus femur, E:
Columba sp. pelvis, F: Columba sp. humerous, G: Columba sp. sternum, H: Oryctolagus cuniculus innominate.
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Bearded Vulture accumulation is characterised by a higher pres-
ence of fatty and small elements, especially feet, metapodials and
long bones. A high rate of long bone breakage and digestion dam-
age was also registered. All parameters differ greatly from the re-
sults obtained in the present study with Egyptian Vultures.

Griffon Vulture (G. fulvus) has also been described as a bone nest
accumulator. Bone breakage, ingestion and regurgitation of diges-
ted skeletal elements have been documented (Benson et al., 2004;
Fernández, 1977; Richardson et al., 1986). From these data it could
be suggested that the taphonomic signature of the Griffon Vulture
also differs from the Egyptian Vulture; however, no taphonomic
study currently quantifies taphonomic variables for this predator.

4.1.2. Egyptian Vulture and other leporid remains accumulators
It should be taken into account that the leporid sample here

analysed is quite small (N ¼ 133) and results should therefore be
interpreted with caution. However, the trends observed on the
leporid sample are consistent with the feeding behaviour of this
predator and provide interesting preliminary data about this type
of accumulation. The main taphonomic features observed point to

anatomical representation characterized by an abundance of skull
remains, a low degree of breakage (81.2% of bones were complete),
a very low degree of digested remains (0.8%) and a comparatively
high incidence of beak marks (7.5%).

To facilitate comparisons, we present a summary of results ob-
tained from different leporid predators, where the data have been
collected using the same methodological approach (Table 9). This
comparison reveals that the taphonomic signature of Egyptian
Vulture nest accumulations differs from other predators. The pre-
dominance of teeth and cranial remains observed in the present
study is higher than that recorded for all other predators, even
Iberian lynx scat and Spanish Imperial Eagle pellet samples, which
are characterized by high values of cranial remains. However, our
results on anatomical representation differ from those obtained by
Sanchis Serra et al. (2013). In their sample, practically all skeletal
elements were present and femur, pelvis, radius/ulna and meta-
tarsus were the best represented. Differences could be related to
the age profile with its high frequency of immature individuals
(almost 60%), which were probably transported to the nest whole.
This highlights the important variability that leporid assemblages
accumulated by Egyptian Vulture may display, probably related to
age of prey. More studies are needed to confirm whether different
profiles of anatomical representation can be established through
the age profiles of leporids. For the time-being, the main feature of
anatomical representation in leporid remains accumulated by this
vulture seems to be variability, so this is not the best distinguishing
character from other predators.

As far as breakage patterns are concerned, the high percentage
of complete elements in the Egyptian Vulture sample is only
comparable to those obtained with terrestrial carnivore samples of
non-ingested remains. Both, Iberian lynx and fox produce similar
percentages of complete bones (73.2% and 89.4% respectively)
compared with the Egyptian Vulture (81.2%). However, in non-
ingested carnivore samples, digested remains are absent (Lloveras
et al., 2012a; Rodríguez-Hidalgo et al., 2013). In the present sam-
ple and also in the study by Sanchis Serra et al. (2013), the per-
centage of digestion was low but enough to establish a difference
(Table 9).

With regards to the percentage of bones with beak marks
(present study 7.5%; Sanchis Serra et al. (2013) 10.4%), only in non-
ingested remains accumulated by foxes was the frequency of tooth-
marked bones similar (9.5%). All other predators displayed lower
values. On the other hand, the lack of gnawing damage and location
of the puncture marks is not typical of the action of carnivores but
of birds of prey (Sanchis Serra et al., 2013).

Fig. 6. Relative abundance of different parts of the skeleton in the leporid remains
sample. For abbreviations see the caption of Table 3.

Table 7
Bird skeletal elements recovered from Egyptian Vulture nests. Key: N e number of
skeletal elements; N% e percentage of skeletal elements; MNE e minimum number
of elements; RA e relative abundance; C e numbers of complete elements; C% e

percentages of complete elements.

Birds e whole sample Columba sp.

N N% NME RA% C C% N N% NME RA%

Mandible 1 2.2 1 8.3 0 0 0 0 0 0
Cranium 3 6.5 3 25 0 0 0 0 0 0
Furcula 0 0 0 0 e e 0 0 0 0
Scapula 6 13 6 25 4 66.7 5 18.5 5 50
Coracoid 5 10.9 5 20.8 5 100 5 18.5 5 50
Humerus 6 13 6 25 5 83.3 5 18.5 5 50
Radius 1 2.2 1 4.2 0 0 1 3.7 1 10
Ulna 5 10.9 5 21 3 60 2 7.4 2 20
Carpometacarpus 1 2.2 1 4.2 1 100 0 0 0 0
Femur 1 2.2 1 4.2 1 100 1 3.7 1 10
Tibiotarsus 4 8.7 4 16.7 2 50 1 3.7 1 10
Tarsometatarsus 1 2.2 1 4.2 1 100 0 0 0 0
Sternum 3 6.5 3 25 0 0 3 11.1 3 60
Innominate 5 10.9 4 33.3 1 20 4 14.8 3 60
Phalanges 2 4.3 2 e 2 100 0 0 0 0
Vertebrae 1 2.2 1 e 1 100 0 0 0 0
Ribs 1 2.2 1 e 1 100 0 0 0 0
Total 46 45 27 58.7 27 26

Fig. 7. Relative abundance of different parts of the skeleton in the birds and Columba
sp. samples. For abbreviations see the caption for Table 3.
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4.1.3. Egyptian Vulture and other accumulators of bird remains
This study provides the first detailed observations on bird

bones accumulated by Egyptian Vultures. Among the remains
recovered pelves, sterna, scapulae, coracoids and humeri were
the most abundant. The same elements were the best repre-
sented in non-ingested assemblages from diurnal raptors (Im-
perial Eagle, Golden Eagle, Gyrfalcon, Crested Caracara) studied
by Bochenski (2005), Bochenski et al. (1998, 1999, 2009) and
Montalvo et al. (2011). Bochenski (2005) indicates that the high
frequencies of the sterna are characteristic of non-ingested prey
remains of a diurnal birds of prey. In contrast, tarsometatarsus or
cranium (or both) are the best represented on pellet assemblages

of diurnal and nocturnal raptors (Bochenski, 2005; Laroulandie,
2002).

Results from the wing/leg ratio indicate a higher abundance of
wing elements. When comparing these data with other studies
(Bochenski, 2005; Bochenski et al., 1997, 1999; Laroulandie, 2002;
Montalvo et al., 2011), it is clear that this is a feature shared with
non-ingested assemblages accumulated by other diurnal raptors. A
predominance of proximal and core elements has also been
recorded in non-ingested Golden Eagle samples (Bochenski, 2005;
Bochenski et al., 1999).

When considering the fragmentation of bird bones by Egyptian
Vultures our results are similar to assemblages of uneaten remains

Table 8
Numbers and percentages of parts of the skeleton included in each breakage category for birds.

Birds e breakage categories

Mandible N % Skull N % Pelvis N % Sternum N %

Whole 0 0 Whole 0 0 Synsacrum þ ilium-ischii-pubis 5 100 More 1/2 with rostrum 3 100
One branch 0 0 Beak þ brain case without back part 1 33.3 Ilium-ischii-pubis 0 0 Less 1/2 with rostrum 0 0
Articular part 0 0 Brain case without back part 1 33.3 Synsacrum 0 0 Fragment without rostrum 0 0
Pars symphysialis 1 100 Brain case 1 33.3 Acetabulum 0 0
Middle part branch 0 0 Beak 0 0

Whole Proximal part Distal part Shaft Complete Fragment

N % N % N % N % N % N %

Scapula 4 66.7 2 33.3 0 0 0 0 Phalanges 2 100 0 0
Coracoid 5 100 0 0 0 0 0 0 Vertebrae 1 100 0 0
Humerus 5 83.3 0 0 0 0 1 16.7 Ribs 1 100 0 0
Radius 0 0 1 100 0 0 0 0
Ulna 3 60 0 0 1 20 1 20
Carpometacarpus 1 100 0 0 0 0 0 0
Femur 1 100 0 0 0 0 0 0
Tibiotarsus 2 50 1 25 1 25 0 0
Tarsometatarsus 1 100 0 0 0 0 0 0

Table 9
Anatomical representation, breakage, digestion and teeth/beak marks data for leporid remains accumulated by different types of predators (nocturnal raptors, diurnal raptors,
terrestrial carnivores) compared with the results obtained for the Egyptian Vulture in the present study.

Leporid comparisons Eagle Owl Bubo bubo Spanish imperial
Eagle Aquila
adalberti

Iberian lynx Lynx pardinus Fox Vulpes vulpes Egyptian vulture
Neophron percnopterus

Reference Lloveras et al., 2009a Lloveras
et al., 2008b

Lloveras
et al., 2008a

Rodríguez-Hidalgo
et al., 2013b

Lloveras et al., 2012a Sanchis Serra
et al., 2013

Present study

Origin Nest Nest Pellet Scat Non-ingested Scat Non-ingested Nest Nest
N 1808 1932 824 1522 9564 265 639 269 133
RA% >values pat-cal-in-fem cal-in-tib-mts phal 3-um-tib man-teeth-cr tib-cal-mts-ast long bones-

sc-cr
mts-cal-ast-tib fem,-inn-

rad-uln-mts
man-cra-teeth

RA% <values mtc-c/t rad-c/t-mtc rib-fem-rad-ver c/t-ver-rib sc-ver-hum-rib-fem mtc-c/t-in cr-sc-rib-in-ver rib-cra phal-c/t-long
bone- ver

PCRT/CR þpostcranial ¼ þcranial þcranial þpostcranial ¼ þpostcranial þpostcranial þcranial
P/D þproximal þproximal þdistal þproximal þdistal þproximal þdistal e e

AN/PO þhindlimb þhindlimb þhindlimb þforelimb þhindlimb þhindlimb þhindlimb e e

Complete elements %
Mean value

long bones
14.6 10.8 0 2.5 37.6 0 5.4 e e

Mean value total 53.9 45.9 27 43 73.2 12 89.4 80 81.2
Length (in mm.)
Minimum 2.3 2.5 1.8 1.1 3 3 4 e 26.3
Maximum 86.3 90 36.1 30.1 69 26.8 86.2 e 70.1
%<10 mm. 49 40 73 80 19.7 61 28 e 52.4
% Digested remains 68.8 65.6 98 97.2 e 99.5 e 1.1 0.8
% Digested

long bones
88.9 83.9 100 100 e 100 e 2.8 e

Degree
Null 31.2 34.4 2 2.8 e 0 e e 99.2
Light 40.2 40.2 18.2 12 e 6 e e 0
Moderate 19.8 19.8 46.8 22 e 26 e e 0.8
Heavy 8 5.3 27.4 43.8 e 43 e e 0
Extreme 0.7 0.15 5.6 19.3 e 25 e e 0
Teeth/beak marks 2 1.34 0.5 0.26 0.9 3 9.5 10.4 7.5
Age % of adults 50 50 e 21.4 e 87 e 41.7 100
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created by diurnal birds of prey. The percentage of complete long
bones was 73.3% compared with the values above 60% reported by
Bochenski (2005) for Peregrine Falcon, Gyrfalcon, Imperial Eagle
and Golden Eagle.

The coracoid, scapula and tibiotarsus were the most frequently
elements affected by digestion whereas the pelvis and sternum
were never damaged, despite being well represented in the sample,
indicating that these elements were not usually ingested by the
vultures. At present the limited observations on the corrosive
digestive damage on bird bones precludes any comparison
(Bochenski, 2005; Laroulandie, 2002).

The discovery that most beak marks were located on pelves and
sterna is replicated on uneaten assemblages left by other diurnal
birds of prey. In the present study, punctures were registered on
66.7% of sterna and 60% of pelves. Bochenski et al. (2009) found
punctures on 70% of sterna and 38% of pelves in White-tailed Eagle
assemblages and punctures were observed on 39% of sterna, 51% of
pelves and 52% of humeri in Golden Eagles.

Overall, most taphonomic features observed on birds accumu-
lated by the Egyptian Vulture are shared by other diurnal birds of
prey. Therefore, they cannot be considered truly diagnostic of a
specific predator.

5. Conclusions

Egyptian Vultures used the same or similar shelters and caves as
human groups in the past. Therefore, bone remains accumulated at
their nests could result in the formation of faunal deposits mixed
with human or other predator-derived assemblages. Results from
this analysis help to identify and classify the most important
characteristics of prey bones, which have been accumulated by this
raptor, and to distinguish their presence in archaeological contexts.

The main features observed are:

1) Egyptian Vulture diet is focused on awide range of species. They
do not accumulate large amounts of bones at their nests as do
other birds of prey, but a diversity of taxa are represented. The
most important prey are: ungulates, rabbits, birds, medium and
small carnivores. Of less importance but usually represented are
small-mammals, reptiles, amphibians and sometimes fish.

2) Skeletal remains accumulated in Egyptian Vulture nests are
mostly non-ingested elements; only a small part comes from
pellets.

3) Anatomical representation varies greatly depending on the
taxonomic group. Only small prey are transported complete to
the nest, for this reason, even within the same taxa the age and
size of prey are important variables that affect taphonomic
patterns.

4) The breakage pattern is characterized by a low degree of bone
fragmentation. High percentages of complete bones were
registered for all taxonomic groups (average 72.3%).

5) Digested remains are scarce (average 6.1%) and a high percent-
age of bones display beak marks (average 16.4%). Birds are the
taxonomic group most affected by bone surface modifications.

The observations and results obtained through this study
showed that damage caused by the Egyptian Vulture on prey differs
from that of other vultures. The pattern observed on leporid re-
mains also varies from other predators. For birds, most features
coincide with those registered by other diurnal birds of prey ac-
cumulations of non-ingested remains, the only difference being the
presence of digested remains on Egyptian Vulture nest
assemblages.

We are aware that samples analysed are small and some results
should be taken with caution. Nevertheless, the use of criteria

presented in this study can help to successfully attribute examined
archaeological material to Egyptian Vulture.
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