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ABSTRACT

The bearded vulture (Gypaetus barbatus) is a scavenger and bone-eating vulture that also transports bones to the nest to feed the
nestlings. Bones found at nests are characterized by the accumulation of small- to medium-sized ungulates, a high number of
third and second phalanges and digestive corrosion marks on regurgitated bones. This actualistic study explores the taphonomic

signatures of modern free-ranging bearded vultures left on mandibles and scapulae bones transported and abandoned at nests.

The assemblage was recovered on the island of Corsica (France), and its findings are crucial for identifying bearded vulture sig-

natures on bones found in eyries. While mandibles and scapulae are less nutritious as food and exhibit lower handling efficiency,
they can be transported to the nests. Nevertheless, a distinct diagnostic pattern of consumption is observed on both skeletal ele-
ments, as described in this study. This pattern is essential for discerning the activities of other biological agents, such as hyenas

and humans in Pleistocene sites.

1 | Introduction

Bearded vulture (Gypaetusbarbatus) is a scavenger and bone-
eating vulture capable of ingesting bones of up to 30cm in
length, which are digested because of their high stomach acidity.
Accordingly, the most diagnostic features to identify this agent
in taphocenosis accumulations are the characteristic corrosion
left on bones regurgitated, their scats or coprolites, the skeletal
part frequencies with a high proportion of phalanges, long bones
complete in circumference, rare bone flakes, and predominance
of small- to medium-sized ungulate bones (Attard Robert 2010;
Frey and Walter 1986; Laroulandie et al. 2024; Marin Arroyo
et al. 2009; Robert and Reumer 2009; Robert and Vigne 2002a,
2002b; Sanz and Daura 2023; Sanz et al. 2023). In particular,

hooves are the most common items found in modern nests, as
in Corsica (Vigne 1995). However, they do not preserve well in
fossil assemblages due to the chemical degradation of keratin,
which explains the high preservation rate of third phalanges
in modern and prehistoric bearded vulture nests (Robert and
Vigne 2002b).

This scavenger bird presents similar behavioral features
in common with Paleolithic humans and hyenas (Brugal
et al. 1997; Cruz-Uribe 1991; Davis et al. 2007). Thus, the three
agents consume mostly ungulates, accumulate bones, and
dwell in caves and rock shelters; bearded vultures in openings
and fissures in or above cavities, but remains can be mixed
with human or hyenid occupancies. Detailing the taphonomic
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and zooarchaeological characteristics of bearded vulture ac-
tivity on bones becomes essential due to these features, aiding
in distinguishing their influence from that of other biologi-
cal agencies (Marin-Arroyo and Margalida 2012; Robert and
Vigne 2002a). Although bearded vultures could accumulate
ungulate bones, there is still a limited amount of research ded-
icated to this agent. Recently, attention has also been drawn
to the potential of Egyptian vultures (Neophron percnopterus)
for bone accumulations on archaeological sites. This vulture
primarily feeds on carrion but is also opportunistic, capable
of consuming birds, reptiles, and small mammals (Milchev
et al. 2012) and transports, accumulates, and modifies bones
in nests (Lloveras et al. 2014; Sanchis Serra et al. 2014). The
scavenging lifestyle of other vultures in other areas, such as
America, has also attracted attention and requires further con-
sideration of their potential role as accumulators, scatterers,
and modifiers of bone remains (Pokines et al. 2021). Although
American vultures and condors (family Cathartidae) have a
different evolutionary history from Old World vultures (sub-
families Aegypiinae and Gypaetinae), both lineages are ob-
ligate scavengers, relying almost entirely on carrion rather
than hunting live prey for food (Ogada et al. 2012). Most of
the carcasses scavenged by birds are left at the original death
site. However, some large mammal bones can be regurgi-
tated as pellets and accumulated elsewhere. For instance,
the pellets of the American black vulture (Coragyps atratus)
are characterized by a predominance of medium-sized ver-
tebrates, with autopodial elements being highly represented
and phalanges often exhibiting pronounced digestion marks
(Ballejo et al. 2012, 2016). The abundance of skeletal elements
in Paleolithic assemblages is widely examined by scholars
to establish the relation of nutritional utilities and transport
choices from kill sites to the camps. These patterns are usu-
ally compared with ethnoarchaeological works that devel-
oped several established indices to apply to past assemblages
(Binford 1978, 1981; Schoville and Otarola-Castillo 2014;
White 1952). Dietary preferences of bearded vultures are
widely known, choosing the most fatty and nutritive bones to
enhance the nutritional benefits and energy acquisition while
optimizing their foraging efficiency (Brown and Plug 1990;
Margalida 2008a; Thibault et al. 1993). Appropriately to this
anatomical preference, a Bearded Vulture Bone Utility Index
(BVBUI) was proposed to identify this agent in archaeological
sites (Marin-Arroyo and Margalida 2012) and discern by other
agents, humans included. The index is determined by within-
bone nutrients, the contents of fatty acids, and the maximum
length of the bones. According to this index, phalanges are
the most valuable, coinciding with the greatest number of
skeletal elements ingested. By contrast, the sternum, scapula,
and mandible are the skeletal elements with a lower utility.
Even though their low nutritional value, bearded vultures also
transport some of these bones to the nest and consume them,
as observed in the Pleistocene deposits of Luri-Gritulu cave
(Robert and Vigne 2002a), and El Miron cave (Marin Arroyo
et al. 2009).

Another variable examined by scholars to determine the dif-
ferent agencies involved in assemblages are the modifications
and fractures observed on bones, because they could be distinc-
tive of the kind of predator or scavenger (Behrensmeyer and
Hill 1988; Fernandez-Jalvo and Andrews 2016; Haynes 1983;

Sala and Arsuaga 2013; Stiner et al. 2012; Yravedra et al. 2014),
even though damage inflicted to bones by a specific predator
can exhibit features that resemble those caused by other agents.
Certain modifications may be more closely associated with
specific biological agents, while in many cases, it is a combi-
nation of damages that forms a diagnostic pattern or indicates
the progression of feeding intensity (Binford 1981; Stiner 1994)
combined with behavior and context, such as interactions and
competition among carnivores, seasonality, and availability of
prey (Fosse et al. 2012; Haynes 1982). Some damage inflicted
by vultures, such as punctures on flat bones and pits, is similar
to those produced by carnivores, and the marks with parallel
micro-striations probably caused by the beak are often mim-
icked by trampling alterations, which complicates taphonomic
evaluation (Dominguez-Solera and Dominguez-Rodrigo 2011;
Fernandez-Jalvo and Andrews 2016). However, some elements,
such as scapulae and mandibles, show distinctive features that
deserve further description.

The taphonomic signature of bearded vultures from Corsican
nests is characterized by the accumulation of small-sized un-
gulates, skeletal frequencies clearly disproportionate, with a
high number of phalanges, digestive corrosion marks on bones
that should have been regurgitated, and a few indeterminate
bones, some of them exhibiting green fractures (Robert and
Vigne 2002a, 2002b; Vigne 1995). In light of this context, we
introduce fresh observations on the scapulae and mandibles ac-
cumulated by the bearded vultures at modern Corsican nests.
Thus, we present the study of the actualistic sample of modern
free-ranging bearded vultures to examine the taphonomic sig-
natures left on these skeletal elements transported to the nests
but not ingested.

2 | Samples, Study Area, and Project Background

The study sample was derived from free-ranging bearded
vultures in the Mediterranean island of Corsica (Figure 1).
Items—horns, hooves, feathers, hair, skin, scats, bones, and
teeth—have been exhaustively collected between 1985 and
2000 from 11 nesting eyries of bearded vultures and two bone-
breaking sites located in different subalpine valleys of this island
(Thibault et al. 1993). During that period, the population size
in Corsica was stable with around eight breeding pairs (Seguin
et al. 2010). The foraging area of bearded vultures during the
breeding season was mostly above 1000m in the mountains.
When snow covered these high areas, the vulture exploited
other cliff areas and middle-altitude regions without snow cov-
erage. Other scavengers on the island were rare, such as the
golden eagle (Aquila chrysaetos), common buzzard (Buteo buteo),
raven (Corvuscorax), and only a mammalian carnivore, the fox
(Vulpesvulpes), together with the absence of other vultures, such
as the griffon vulture (Gypsfulvus) (Thibault et al. 1993).

Related to feeding traits, a variation within regions is observed
according to species availability; thus, diet agrees with the bio-
cenosis within each territory. In general trends, bearded vul-
tures from Corsica mostly feed on domestic species, mainly
caprines but also calf bones—cattle is a very small size on the
island (Vigne 1988)—with less mouflons and suids. Other small
mammals, such as dogs, foxes, cats and hares, are testimonial,
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FIGURE1 | (1) Location of the island of Corsica in the western Mediterranean basin. (2) Location of the two areas of study, where scapulae and
mandibles from nests were recovered (after Thibault et al. 1993). (3) Adult bearded vulture in a breaking-bone area (image courtesy of Fundacion
para la Conservacion de los Quebrantahuesos). [Colour figure can be viewed at wileyonlinelibrary.com]

probably related to their bone fragility (Thibault et al. 1993).
Several feathers were also recovered in the nests, also evidenc-
ing bird consumption. According to Thibault et al. (1993), five
categories of items have been determined related to features
and young consumption: (i) uneatable elements, (ii) scats, (iii)
regurgitated semi-digested bones and hooves, (iv) food portions
not consumed, and (v) incompletely eaten bones (i.e., bones that
were not swallowed), such as scapulae as the remaining parts of
ingested limbs, broken fragments of skulls and mandibles, and
distal parts of limbs. The percentage of skeletal representation
in Corsican nests is dominated by short and compact ungulate
bones (tarsals, carpals, sesamoids, and phalanxes), represent-
ing 75% of the assemblage, with third phalanxes being the most
common (Robert and Vigne 2002b). All the material is housed
in the National Museum of Natural History (Paris, France),
and the material has been studied and published previously
(Attard Robert 2010; Robert and Vigne 2002a, 2002b; Thibault
et al. 1993; Vigne 1995).

3 | Materials and Methods

The present study has been focused on scapulae and mandibles
found in the different nests from Corsica. From the nests re-
vised, only T (1985, 1991, and 1995) and R (1986) present a total
of 20 elements (Figure 1). The number refers to the year of col-
lection and the letter to the area (Thibault et al. 1993). This in-
dicates that not every nest contained these two bones. Scapulae
and mandibles were taxonomically identified previously by J.-D.
Vigne (Thibault et al. 1993). Most part of these materials are
small-sized ungulates, such as sheep, mouflon, and goats, and
medium-sized, such as mostly young cattle.

Bones were analyzed following standard taphonomic meth-
ods (Fernandez-Jalvo and Andrews 2016; Lyman 1994). To

determine the effects of bearded vultures as breakage type and
bone modification, surfaces were scrutinized at both macro
and microscopic levels under a Dino-Lite digital microscope;
detailed images and dimensions of marks were made using the
DinoCapture 2.0 software. The variety of modifications noted
in the sample has been classified using the nomenclature com-
monly employed in avian taphonomy (Bochenski et al. 2009;
Ferndndez-Jalvo and Andrews 2016; Laroulandie 2005;
Sanchis Serra et al. 2014): puncture (hole or perforation of the
bone), notch (cup-shaped depressions accompanied by bone
loss along the fracture edge), pit (superficial marks on the
surfaces of bone with semi-circular shape), peeling (type of
breakage with featuring heavily jagged edges), and crenulated
edges (a sequence of punctures or indentations at the edge of
the bone).

Geographic Information System (GIS) was used to illustrate
the distribution of pits produced by bearded vultures and the
skeletal overlapping portions, only applied to scapulae due to
the scarce number of mandibles. This methodology has been
previously applied in archaeology by several authors (Marean
et al. 2001; Parkinson et al. 2014; Stavrova et al. 2019). Previous
authors primarily used ArcGIS software; however, we opted for
the public domain software QGIS Version 3.34 Prizrern under
CC BY-SA 3.0 DEED.

To process the scapulae and mandibles in QGIS software,
we used the Corsican material and Marean's image (Marean
et al. 2001) and vectorized them using Inkscape software. Then,
we scaled the polygons and images to conform to standardized
measurements compatible with QGIS software. As bone speci-
mens are non-geographical, we assigned arbitrary coordinates,
considering the compatibility scale required for GIS analysis.
For both bones, we analyzed only one side; as such, we mirrored
the images of the opposite side to overlap seamlessly with the
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corresponding side for comparison. The images and vectoriza-
tions of the analyzed bones show slight variations due to dif-
ferences in age, size, and image capture methods. To enable
accurate comparison and layer overlay within the QGIS soft-
ware, all images underwent standardization procedures.

The “raster” images were georeferenced wusing the
Georeferencing tool, employing a Polynomial—1st degree—
transformation type and the Nearest Neighbour resampling
method. This was facilitated by the inclusion of 20 landmarks
to ensure accuracy and precision. Following this, the layer and
scapula profiles were defined in QGIS software. The vector
shape files were then converted to “raster” format with a res-
olution of 200200 pixels. The “rasterized” images have been
merged into a single figure using r.series from the GRASS GIS
repository (Version 8.4.1dev). This function assigns each output
cell value based on the corresponding values in the input “ras-
ter” map layers. The SUM function was used for this process.
To calculate bone survivorship, the area of each scapula was
calculated using the r.report command available in the GRASS
module.

Finally, pits were plotted on the scapula and mandible im-
ages and analyzed using heat maps with a triangular kernel
shape. To ensure consistency in processing raster and point
data in the QGIS software environment, a kernel radius of 30°
was used.

4 | Results
4.1 | Scapulae

A total of 17 not-swallowed scapulae from nests have been
studied (Figure 2). The extent of damage in the scapulae is
light overall. Small ungulates scapulae #1 to #6 are totally
complete and undamaged; however, #6 presents some notches
on both sides of the cranial angle. Scapula #7 shows a cren-
ulated edge and light damage at the cranial angle, followed
by #8, which has damage at both the cranial and caudal an-
gles, while the proximal rim of the scapular blade remains
intact. The following scapula #9 exhibits more significant
damage in the cranial angle and in the infraspinous fossa of

FIGURE2 | Range of variability of damage observed on scapulae at bearded vulture nests. Dorsal and ventral sides of each specimen. (1-14) Small

ungulates (sheep, goat, and mouflon). (15-17) Medium ungulates (cattle). Photos and CAD M. S. [Colour figure can be viewed at wileyonlinelibrary.

com|
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the scapular blade, with crenulated edges. The caudal border, consume the proximal rim. The proximal edge of the scapula
however, remains undamaged. Several pits and linear marks is absent in the other elements (#10 to #14), where it has been
are observed near two notches in the ventral proximal part completely hollowed out, showing a stepped profile created by
of this scapula (Figure 3, 4a), likely associated with efforts to punctures at the edge, i.e., a crenulated edge, together with

FIGURE 3 | (1) Scapula #14, (1a and 1c) crenulated edges, punctures, and detailed views of the strong damage at the proximal rim of the blade,
(1b) peeling and punctures on the spine. (2) Scapula #13, (2a) crenulated edge at the rim and pits at the blade. (3) Scapula #12, (3a) detailed view of
a notch. (4) Scapula #9, (4a) pits and linear marks at the proximal part. (5) Scapula #10, (5a and 5b) crenulated edge, notches, and pits together with
linear marks at the proximal area. Photos and CAD M. S. [Colour figure can be viewed at wileyonlinelibrary.com]
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pits and notches located at the proximal portion (Figure 3,
3a). The proximal U-shape corresponds to the consumption of
the most brittle and thin areas, avoiding the spine and edges.
Some of them present peeling and punctures on the spine and
acromion (#11 to #14) (Figure 3, 1b). The distal end is not dam-
aged, except for #13. Pits and notches are also present together
with a few linear marks (#10, #13, and #14) and a perforation
in #14 with a diameter of 13.4mm, a length of 4.58 mm, and a
width of 3.89 mm (Figure 3, 1a and 1b). Three scapulae (#15
to #17) pertaining to medium ungulates, such as cattle, also
present damage. The immature scapula (#15) presents some
pits and notches on the distal end but also on the proximal
edge. The scapula #16 presents a crenulated edge in the proxi-
mal rim, together with the incipient consumption of the acro-
mion. Finally, the last scapula, #17, is a fragment of the caudal
border and the blade with some pits and notches.

A cartographic representation generated using QGIS software is
provided (Figure 4). The green regions indicate high concentra-
tions of scapulae, with the resulting analysis showing lower rates
of bone destruction and an overall survival rate of 83% across the
14 samples. Only one case exhibits a survival rate below 50%,
while three cases fall below the 75% threshold. Most samples ex-
ceed the 75% threshold. Bone plotting showed that the caudal
and cranial angles from the proximal edge of the scapula were
the most consumed area (Figure 4, 2).

4.2 | Mandibles

Three mandibles not swallowed by bearded vultures have
been studied (Figure 5); however, in the collection, there is a
fox mandible showing signs of strong digestion (Robert and
Vigne 2002b). Two of them correspond to small ungulates (#1
and #2), and the third (#3) is a young cattle mandible. One man-
dible bears a notch on the basal corpus near the angle in the
lateral face (#1). The second one exhibits longitudinal splitting
along the basal corpus without any other visible damage (#2).
The third one exhibits a crenulated edge limited at the infe-
rior angular process associated with pits and linear marks (#3)
(Figure 4,5).

5 | Discussion

Bearded vultures use their talons and beaks to carry food
to the nest, as unlike other vultures, they do not feed their
young by regurgitation (Brown and Plug 1990; Margalida and
Bertran 2000; Margalida 2008a). Moreover, this bird drops
freshly scavenged bones from the air when they are too long
to ingest at specific locations, known as bone-breaking sites—
used to reduce bone size for later ingestion but also for stor-
ing food—where indeterminate flakes or diaphysis fragments
dominate (Robert and Vigne 2002a). The bones found in ossu-
aries are probably the result of the rejection because of their
low nutritive value, whereas handling efficiency may also play
a secondary role in food selection (Margalida 2008a). Ungulate
scapulae and mandibles are bones with shapes that cannot be
swallowed whole by bearded vultures (Margalida 2008b). Thus,
handling efficiency is required to consume these elements be-
cause they must be crushed against rocks before ingestion or

require an extra effort to prepare them. Accordingly, both el-
ements are frequently found in ossuaries or bone-breaking
areas. Together with these elements, other skeletal bones with
less oleic acid are abundant at these bone-breaking areas, such
as vertebrae, skulls, tibias, ribs, and humeri (Margalida 2008a,
2008b), when they are rare or absent from the modern eyries
(Robert and Vigne 2002a, 2002b). Digestion marks were not
observed on these bones accumulated at ossuaries; half of the
bones exhibit weathering marks resulting from exposure, and
some bear marks produced by carnivore scavenging (Robert
and Vigne 2002a). Thus, the choice to transport to the nest
some of these elements characterized by low nutritional value
and the difficulty to handle could be related to other variables,
such as carcass availability, seasonality, and snow coverage. It
seems that other variables are less relevant, such as carnivore
or scavenging pressure that is practically absent in Corsica, be-
cause only a few scavenger birds are present and only a mam-
malian carnivore species, the fox. Although these elements
could be brought to nest as isolated bones, as documented in
Cazorla (Cano and Valverde 1959), they can also be brought
as articulated limbs or segments. In fact, the foot morphology
of the bearded vulture allows its digits to function like a vice,
enabling the bird to cut through tough joint ligaments and ten-
dons (H. Frey, pers. comm.).

Although scapulae and mandibles are less represented in
Corsican nests compared with phalanges, other contexts show
different patterns. For example, the nest documented in the
protohistoric shelter of Baume du Houx shows an overrep-
resentation of phalanges, especially the third. However, it is
noteworthy that among the bones with digestion marks, the
isolated teeth (~40%) are more common than the third phalan-
ges (~20%) (Valensi et al. 2011), whereas no isolated teeth with
digestion marks were identified at El Mirén (Marin Arroyo
et al. 2009).

Gnawing patterns and bone damage are useful criteria to de-
termine the intensity of bone consumption and to identify
the biological agents involved in an assemblage (Delaney-
Rivera et al. 2009; Dominguez-Rodrigo and Piqueras 2003;
Haynes 1983). The damage observed in scapulae modified by
bearded vultures indicates that the caudal and cranial angles
are often removed. According to Attard Robert (2010), 37% of
the scapulae examined from the Pyrenees and Corsica show this
pattern, a high proportion indicating that this fragmentation
should be considered as a taphonomic feature of the bearded
vulture. This contrasts with the damage typically caused by
terrestrial carnivores, which tend to focus on consuming the
entire proximal rim. For example, hyenas and wolves cause
severe damage to the shoulder blade, ranging from furrowing
or complete destruction of the proximal rim—resulting in a
stepped profile—to partial destruction of the spine and com-
plete destruction of the acromion, often accompanied by nu-
merous tooth marks primarily located at the edges (Fourvel
and Mwebib 2011; Sala et al. 2014). Red fox activity on scapulae
primarily results in gnawing along the proximal rim, as docu-
mented also for mountain lion (Stiner et al. 2012), sometimes
leading to the complete consumption of the acromion. Scapulae
are among the skeletal elements with the highest frequency of
gnawing marks (Yravedra et al. 2014). For instance, damage
inflicted by other vultures to scapulae was recorded mostly as
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FIGURE4 | (1)Bone survival composite of 14 small ungulate scapula elements presented on a single side. Bone preservation is indicated by green
shades. (2 and 4) QGIS kernel density analysis of the distribution of pittings along the scapula (2) and mandible (4). (3) Percent survivorship of scap-
ulae (#1 to #14). Photos and CAD J.D. [Colour figure can be viewed at wileyonlinelibrary.com]

punctures or notches in the proximal rim (Ballejo et al. 2016; modified by other vultures exhibit notches and punctures, which
Dominguez-Solera and Dominguez-Rodrigo 2011). are associated with the removal of the masseter muscle and the

disarticulation of the mandible from the cranium (Dominguez-
The damage caused by bearded vultures to mandibles typically ~ Solera and Dominguez-Rodrigo 2011; Sanchis Serra et al. 2014).
begins at the outer corner of the bone. In contrast, mandibles =~ Among terrestrial carnivores, mandibles exhibit varying
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FIGURE 5 | (1) Mandible bearing a notch on the basal corpus. (2) Mandible bearing longitudinal splitting along the basal corpus. (3) Mandible

showing crenulated edge limited at the inferior angular process. Photos and CAD M. S. [Colour figure can be viewed at wileyonlinelibrary.com]

degrees of damage, ranging from limited impact on the verti-
cal ramus to more extensive reduction, including the removal of
the horizontal ramus, often accompanied by a greater number
of pits and punctures, resulting in isolated teeth (Fourvel and
Mwebib 2011; Sala et al. 2014; Stiner 1994).

6 | Conclusion

The pattern observed in scapulae and mandibles recovered from
bearded vulture nests can be summarized as:

« Scapulae: The survival rate of ungulate scapulae, when
considering the consumption of the element, is determined
to be 83%, indicating a slight modification. In Corsican
nests, the scapula angles (caudal and cranial) are often

clipped and consumed (Robert and Vigne 2002b), being
a taphonomic feature of bearded vultures. Moreover, the
consumption is focused on the most brittle and thin areas,
while avoiding the spine and edges that create a U-shape
in some specimens. The distal end appears to be mostly
undamaged, although there are a few instances of peeling
and punctures on the spine and acromion that were ob-
served during an advanced stage of consumption. In gen-
eral, it is relevant the high presence of pits at the proximal
portion.

Mandibles: It seems that the consumption of ungulate man-
dibles by bearded vultures initiates at the outer corner of the
mandible, as shown by the high rate of pits. Only one man-
dible is transversely broken, likely fractured within an ossu-
ary, resulting in the separation of the base of the horizontal
ramus; the latter was probably not transported to the nest.
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The damage evidence is relevant to help in identifying the
bearded vulture as a biological agent instead of others. It seems
that scapulae could have been used as food for the nestlings
(Attard Robert 2010), as such the cartilage on the proximal rim,
which is more easily digested by the juveniles. Pits and punc-
tures observed in the material may be attributed to the beaks
of vultures; however, some of them could also be caused by the
talons during bone handling.
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