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Abstract Scavenger birds can feed on large- to small-sized
vertebrates and may contribute in the formation of archaeo-
logical sites. To evaluate the modifications and dispersal pat-
terns of bones produced by New World vulture and caracara
from Northwestern Patagonia, samples of adult sheep, young
sheep, and hare carcasses were offered and subsequently ana-
lyzed. New World vultures and caracaras quickly fed on the
samples. Taphonomic and bone dispersal patterns suggest two
types of accumulations: (1) open-air sites with large and
medium-sized vertebrates represented by complete, fractured,
scratched, notched, and punctured elements and (2) rock shel-
ter or cave sites dominated by small vertebrates represented by
broken, corroded, fractured, and digested elements.

Keywords Bone dispersal . Taphonomy . Carcass .

Scavenger birds . Northwestern Patagonia

Introduction

Archaeological sites frequently contain animal bone remains
representing past human activity and interaction. For example,
remains may reflect pack animals, assistance with prey

capture, large predator defense, and most commonly food
sources (Lyman 1994). However, faunal accumulations from
archaeological sites are not always deposited by humans as at
times, sites may not be occupied by humans and may be sub-
ject to animal burrowing or nesting (Andrews 1990; Mondini
1995, 2004). Discriminating the accumulating agent is neces-
sary to interpret the relationship between humans and fauna.
Studies are vital because they allow for understanding the
taphonomic processes and histories of osseous remains from
the death of the animal until their recovery.

Researchers examining the disarticulation process of skel-
etal remains of different species in natural environments report
the effects of transportation by different agents, weathering,
corrosion by acidic soils, trampling, and modification (e.g.,
Cáceres et al. 2009; Yravedra et al. 2012). Studies of dispersal
and disarticulation of carcasses and bone associations pre-
served at the site mostly focus on carnivore feeding, gnawing,
and scavenging, rather than on the impact of birds (e.g.,
Binford 1981; Haynes 1982; Borrero et al. 2005; Álvarez
et al. 2012).

Scavengers and predators can disperse parts of a carcass
over a long distance from the place of death (Hill 1979;
Mondini 1995; Martin and Borrero 1997). They reduce bone
concentrations and generate secondary concentrations com-
posed by remains from different individuals (Hill 1979). Dis-
persal patterns can reflect different taphonomic histories. For
example, disarticulation can expose the terminal portion of
bones to weathering and reduce the skeleton into a large num-
ber of parts, which are more easily transported and dispersed
(Hill 1979). Also, the factors influencing bone accumulations
can affect the relative proportions of the different elements
from archaeological sites (Hill 1979). Carnivores like the pu-
ma (Puma concolor) can transport the bone segments of its
prey from kill sites to rock shelters, showing distinctive diges-
tive corrosion (Martin and Borrero 1997). Numerous Old
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World vulture examples exist for differential bone accumula-
tion from bird scavenging and carcass transport (Robert and
Vigne 2002a, 2002b; Benson et al. 2004; Marín-Arroyo et al.
2009; Robert and Reumer 2009; Marín-Arroyo andMargalida
2012; Lloveras et al. 2014; Sanchis Serra et al. 2014). How-
ever, there are few studies examining transport of bones con-
sumed by New World vulture (e.g., Reeves 2009; Spradley
et al. 2012; Dadds and Martin 2013).

Scavenger birds mostly feed on large ungulates but can
include smaller vertebrates in their diets (del Hoyo et al.
1994; DeVault et al. 2004; Biondi et al. 2005; Kelly et al.
2007; Vargas et al. 2007; Lambertucci et al. 2009; Ballejo
and De Santis 2013). These birds can transport and feed on
carcass parts at nesting or roosting places on ledges of rocky
cliffs and in trees, where bone accumulations can mix with
carnivore or human-derived assemblages (Ballejo et al. 2012;
Marín-Arroyo and Margalida 2012). Thus, identification of
the accumulating agents of faunal assemblages can avoid in-
correct paleoeconomic interpretations (Marín-Arroyo and
Margalida 2012).

The aim of this study was to investigate how the scaveng-
ing of New World vultures (Cathartidae) and caracaras
(Falconidae) affects the deposition and recovery of sheep
(Ovis aries) and European hare (Lepus europaeus) in North-
western Patagonia. To develop an actualistic model, we
examined taphonomic variables potentially affecting the
zooarchaeological record and evaluated the spatial dispersal
of adult sheep, young sheep, and hare remains. Additionally,
to establish the different anatomical pattern and types of ac-
cumulations of these scavenger birds, we compared our results
to Ballejo et al. (2012), which examined American black vul-
ture (Coragyps atratus) pellet samples in the same area.

Materials and methods

Study area

The study area (Fig. 1) includes high elevations of the North
Patagonian Andes (2000–2300 masl) and low mountains
(1300–1800 masl) of the Patagonian Pre-cordillera (Giacosa
and Marquez 1999; Giacosa et al. 2005). The climate is cold
with strong westerly winds and a significant west-east rainfall
gradient due to the Pacific anticyclone and the topographic
barrier of the Andean Cordillera, which generates drier condi-
tions to the east (Paruelo et al. 1998). Phytogeographically, the
area belongs to the Occidental District of the Patagonian unit,
which is characterized by shrubby and grassy steppe with a
vegetation cover about 50 %, constituted mainly by Stipa
speciosa (Bcoirón amargo^), Stipa humilis (Bcoirón llama^),
Senecio filaginoides (Bcata mora^), and Mulinum spinosum
(Bneneo^) (León et al. 1998).

This area is also characterized by the presence of several
animal species whose importance for the faunal economy is
well documented: lesser rhea (Rhea pennata), guanaco (Lama
guanicoe), pichi (Zaedyus pichiy), large hairy armadillo
(Chaetophractus villosus), Patagonian weasel (Lyncodon
patagonicus), Molina’s hog-nosed skunk (Conepatus
chinga), South American grey fox (Lycalopex griseus),
culpeo (L. culpaeus), Geoffroy’s cat (Leopardus
geoffroyi), and puma (e.g., Ringuelet 1961). Noteworthy
is the existence of a high abundance of domestic live-
stock mammals: cow (Bos taurus), horse (Equus
caballus), sheep, and exotic wild mammals: European
hare, red deer (Cervus elaphus), and wild boar (Sus
scrofa) hunted for sport (Novillo and Ojeda 2008;
Lambertucci et al. 2009).

Carcass samples analyzed in this study were observed in
Estancia El Cóndor, Río Negro Province (44° 11′ 55.7″ S, 71°
05′ 43.1″ W, Fig. 1), which produces livestock, mostly sheep
(ca. 30,000 individuals), followed by cows, horses, and red
deer. Animals that die from sickness or old age are consumed
by the substantial populations of scavenger birds nesting in the
Estancia El Cóndor and its surroundings. These scavenger
birds possess the ability to find carcasses and avoid predators
frequenting the area (Lambertucci et al. 2009; Ballejo et al.
2012; Lambertucci et al. 2014).

New World vulture and caracara natural history

Although five species of Cathartidae occur in Argentina, only
three (Vultur gryphus, Coragyps atratus, and Cathartes aura)
are found in Northwestern Patagonia (del Hoyo et al. 1994).
Cathartidae are strictly scavengers that feed on carrion (Wallace
and Temple 1987; DeVault et al. 2003). Feeding adaptations
include hooked bills, acute vision, the ability to search large
areas using energy-efficient soaring flight, and an acute sense
of smell (Buckley 1996).

The Andean condor (V. gryphus) is the largest of the South
American Cathartidae (100–130 cm; 8.2–10.5 kg) with a 3-m
wingspan. It is distributed from the Andes Mountains of Ven-
ezuela to southernmost Argentina and Chile. Roosting and
nesting occur in mountainous areas (e.g., cliffs, rock shelters),
and foraging occurs in open area savannas, grasslands, and
beaches along the coast. The condors forage alone or in
well-dispersed groups at high altitudes. They scavenge large
carcasses of marine mammals and both wild and domestic
ungulates (del Hoyo et al. 1994; DeVault et al. 2004;
Grzimek’s 2002; Lambertucci et al. 2009).

The American black vulture (C. atratus) is a large-sized
bird (56–69 cm and 1.1–1.9 kg). It inhabits open areas and
water ways from southern North America to southern South
America (South of Chubut, Argentina). The vultures roost,
forage, and feed socially in large groups on cliffs, rock shel-
ters, or trees. It feeds on dead animals of any size and
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occasionally kills injured animals (del Hoyo et al. 1994;
Grzimek’s 2002; Ballejo and De Santis 2013).

The Turkey vulture (C. aura) is a large-sized bird (64–
81 cm and 0.85–2 kg) that lives in a different kind of habitat
from the southern border of Canada to Tierra del Fuego (Ar-
gentina). This vulture roosts socially on cliffs, rock shelters,
and trees and hunts for carrion in small groups or singly using
olfaction. Its diet includes dead animals of any size; however,
the species specializes on smaller taxa (del Hoyo et al. 1994;
Grzimek’s 2002; Kelly et al. 2007).

In addition to Northwestern Patagonian Cathartidae, two
species of Falconidae (Caracara plancus and Milvago
chimango) occur as hunters and scavengers (i.e., facultative
scavengers) (Wallace and Temple 1987).

The southern caracara (C. plancus) is a large-sized bird (49–
59 cm and 0.83 kg) that lives typically in open and semi-open
lowlands, grasslands, pastures, and river edges and in Patago-
nian river valleys, shrub steppes, and grassy foothills. This
species is gregarious when scavenging carcasses. Out of the
breeding season, they roost communally at the top of isolated
trees. They typically feed on carrion, road kills, dead and dying
fish, and livestock (Grzimek’s 2002; Vargas et al. 2007).

The chimango caracara (M. chimango) is a medium-sized
bird (37–43 cm and 0.25–0.30 kg) that occurs in several kinds
of habitats. This includes rural and urban areas from Paraguay
to the southern extreme of Brazil to southernmost Chile and
Argentina (del Hoyo et al. 1994). This falconid roosts on

cliffs, rock shelters, and trees and is a diurnal and generalistic
raptor (e.g., Yáñez et al. 1982; Biondi et al. 2005).

Observation and analysis of scavenged remains

We observed and recorded vulture and caracara scavenging and
its taphonomic effects on the remains of adult sheep (five in
summer, three in autumn, and two in spring of 2013), young
sheep (two in spring of 2014), and European hare (one in spring
of 2014). Bird scavenging was observed from ca. 150–300 m
distance with the naked eye and through binoculars.

Both perimortem and postmortem carcasses not previously
fed on by predators or scavengers were observed to determine:
(1) vulture and caracara consumption time, (2) number of
scavenging birds by species, and (3) skeletal remains dis-
persed from carcasses. Perimortem carcass consisted of a sin-
gle adult sheep and hare, which were offered by us to scav-
enging birds, allowed for observation and quantification of
remains immediately after death. For comparison, we also
observed postmortem carcasses of adults sheep (n = 9) and
young sheep (n = 2) that had naturally died. Carcasses were
observed until all scavenger birds ceased feeding, and con-
sumption time was recorded. After each scavenging episode,
the compass orientation and dispersal distance of scavenged
skeletal parts was measured from point of placement
(perimortem) or carcass location (postmortem) to final resting
site (Yravedra et al. 2012).

Fig. 1 Map of the study area,
including the location of carcass
samples analyzed in this study
and pellet samples reported in
Ballejo et al. (2012): 1 Dina
Huapi; 2 Estancia El Cóndor; 3
Estancia Chacabuco
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Quantification and statistical analysis

From collected remains, we calculated the number of identi-
fied specimens (NISP), minimum number of elements
(MNE), minimum number of anatomical units (MAU), stan-
dardized MAU (MAU%), and minimum number of individ-
uals (MNI) (Grayson 1984). The relative abundance of skele-
tal elements was calculated for final accumulations as:

MNI ¼ MNEi= Ei �MNIð Þ �100
where MNEi is the minimum number of a given skeletal

element in the sample, and Ei is the expected number of that
skeletal element in an individual. Skeletal remains were ex-
amined using a stereomicroscope for bone integrity (degree of
completeness/fracturing), punctures, notching on the edges of
bones, and scratches caused by bird scavenging (Brain 1981;
Binford 1981; Andrews 1990; Borrero and Martin 1997;
Reeves 2009; Lloveras et al. 2014). There are two types of
scratches. First, shallow-penetrating scratches that penetrated
the surface of the bone and are relatively linear, although
irregularly shaped. The second type of marking was non-
penetrating scratches; these markings were characterized by
a change in color on the surface of the bone (Reeves 2009).

Spearman’s correlation coefficient (rs) was calculated
using PAST software (PAleontological STatistics) version
3.02 at α = 0.05 to compare the NISP of sheep between
our actualistic findings and from sheep remains previously
collected the American black vulture pellet samples at the
study area (Fig. 1) by Ballejo et al. (2012).

Results

Carcass consumption and dispersal patterns

Carcasses of adult sheep, young sheep, and hare were con-
sumed by all scavenging bird species except Turkey vulture
(Table 1). The absence of scavenging evidence for Turkey
vulture is most likely because populations in Northwestern
Patagonia are considerably rarer compared to the other scav-
enger taxa (Bellati 2000).

Table 1 provides scavenging data (consumption time,
number of scavenging birds, and number of scattered
bones) for Andean condor, American black vulture,
and chimango caracara. Overall, all scavenged and dis-
persed skeletal elements were observed to be clean of
tissue except remains of ligaments and skin (Fig. 3a).
Herein, we describe the scavenging of Perimortem adult
sheep #10 over 4 h 10 min from carcass consumption to
abandonment of the resulting skeletal remains:

& At 3 h 35 min, a chimango caracara arrived and began
consuming the sheep’s eyes.

& At 4 h 1 min, an Andean condor arrived followed by an
additional 28 individuals, displacing the chimango cara-
cara. These birds were the major consumer of the carcass.

& Ten American black vultures joined the other scavengers
at consuming the carcass, taking the opportunity to feed
when the condors did not eat. A larger group was observed
overflying

& Finally, 12 southern caracara and four chimango caracara
fed on the carcass, while catching body parts scattered by
larger scavenger birds.

During this scavenging event, the carcass was displaced
7 m in a light depression on the ground from the place of
deposition (Fig. 2). Mandibles were disarticulated and
displaced 6.35 m from the carcass and 13.35 m from the place
of deposition. Scapulae and forelimbs were not scattered be-
cause they remained intact and connected to the body by skin.
The right hindlimb and pelvis were articulated by ligaments,
whereas the left hindlimb was disarticulated from the pelvis,
although it was attached to the body similarly to the scapulae
and forelimbs.

Herein, we describe the scavenging of PerimortemEuropean
hare over 3 h 23 min from carcass consumption to abandon-
ment of the resulting skeletal remains:

& At 50 min, a chimango caracara arrived to the Perimortem
European hare carcass.

& At 1 h 54min, the first southern caracara arrived, followed
by others who carried away parts of the carcass.

& Al 2 h 50 min, the first Andean condor arrived, followed
by an additional five individuals.

A total of seven chimango caracara, six southern caracara,
and six Andean condors fed on the carcass. Finally, the left
hindlimb was the only part of the skeleton found and recov-
ered and remained articulated by soft tissue. This anatomical
part was displaced 13 m from the place of deposition.

Scavenging birds consumed the postmortem adult sheep
(sheep #1–9) in an average of 3 h 16 min (Table 1). American
black vulture was the most numerous species eating the car-
cass (74.8 %), following by Andean condor (12.2 %), south-
ern caracara (11.7 %), and chimango caracara (1.4 %). Scav-
enging resulted in 77 % disarticulation of the mandibles, and
limb bones were found separated from the girdles (Fig. 2). The
mean dispersal radius of all sheep carcasses was 6.47 m. The
maximum radius of bone dispersal was 20 m represented by
left hindlimbs.

Young sheep postmortem (#1 and #2) scavenging av-
eraged 2 h 55 min for two specimens. The most repre-
sentative species of scavenger birds was American black
vulture (73.2 %), followed by Andean condor (16.6 %),
chimango caracara (6.5 %), and southern caracara
(3.6 %). The mandibles of young sheep #1 were absent,
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whereas those of young sheep #2 were found dispersed
12 m from the carcass. The mean dispersal radius of the
two young sheep carcasses was 13.05 m. The maximum
dispersal radius recorded was for a left scapula at 31 m.

Table 2 summarizes MNE, MAU, and MAU% data for
adult sheep, young sheep, and European hare carcasses recov-
ered after the scavenger activity. MNE values were coincident
with NISP values because most of the bone fragments were
missing. Scavenging of adult sheep and young sheep car-
casses resulted in a mean relative abundance ranging from
51.90–100%.Only tibiae and autopodia elements were recov-
ered from the scavenged European hare carcass.

Breakage and bone surface modifications

Our examination of scavenged, perimortem European hare limb
bones found an absence of bone modification. New World vul-
tures and caracaras produced scarce damage to adult sheep and
young sheep carcasses (Table 3). Bonemodifications of all scav-
enged bones from these carcasses included fractures (5.6 %),

notches (1.5 %), non-penetrating scratches (1.2 %), shallow-
penetrating scratches (0.3 %), and punctures (0.3 %) (see Fig. 3).

For perimortem adult sheep #10, 80 % of modifications
were scratches (non-penetrating- and shallow-penetrating
scratches), mainly in scapulae (Table 3). Fractures of the trans-
verse processes and neural spines of vertebrae, notches in
vertebrae, and punctures in the angular processes of mandibles
were found (Table 3).

For postmortem adult sheep (#1–9), all the fractures were
concentrated in the axial skeleton, such as nasal bones, por-
tions of ribs, and transverse apophyses of vertebrae. 37.9 % of
modifications were scratches, mostly in girdles, skulls, and
femora. Notching in the posterior border of the scapulae and
mandibular condyles was also frequent (23.3 %), and a single
punctured scapula was found.

In postmortem young sheep (#1 and #2), 75.3 % of all
modifications were fractures in skulls and mandibles, mainly
in angular and coronoid processes. One skull specimen was
badly damaged with nasals, parietals, and maxillae absent.
Additionally, we observed fractured young sheep ribs and

Table 1 Consumption time, NISP, and dispersal distance (in meters) field data for New World vultures and caracaras

Adult sheep Young sheep Hare

1 2 3 4 5 6 7 8 9 10 1 2 1

Consumption time

Start of consumption 12:00 11:00 10:00 11:00 10:00 10:45 10:40 13:05 15:00 12:25 10:23 10:10 10:00

End of consumption 13:00 14:00 15:23 13:00 14:00 15:00 15:00 16:15 16:00 16:35 14:17 11:26 13:23

Scavenger birds (number of individuals)

Vultur gryphus 5 2 3 4 11 5 14 5 3 29 3 25 6

Coragyps atratus 50 10 20 6 48 68 27 88 3 10 82 41 0

Caracara plancus 0 4 0 0 4 30 4 3 5 12 2 4 6

Milvago chimango 0 4 0 0 2 0 0 0 0 4 2 9 7

Carcass scattering from the place of deposition – – – – – – – – – 7 – – 13

Bones scattering from carcass

Mandibles (articulated) 0 5.82 0 11.8 7.5 0 1 8.75 2.7 6.36 – 0 –

Left mandibles 0 0 3.1 0 0 0 0 0 0 0 – 11.2 –

Right mandibles 0 0 12 0 0 0 0 0 0 0 – 12 –

Nasals 0 – 0 0 0 0 0 3 0 0 0 – –

Ribs and vertebrae 0 0 0 0 0 0 0 0 0 0 0 3.9 –

Cervical vertebrae 0 0 0 0 0 0 0 0 0 0 0 10.4 –

Thoracic vertebrae 0 0 0 0 0 0 0 0 0 0 0 6 –

Lumbar vertebrae 0 0 2.7 0 0 0 0 0 0 0 0 0 –

Right scapulae 0 5.2 0 0 0 0 – 8 0 0 0 0 –

Left scapulae 0 0 0 0 0 0 0 0 0 0 31.6 6.67 –

Pelvis 0 0 11.8 0 0 0 0 0 0 0 0 0 –

Right forelimb and girdle bones 8.5 0 0 0 0 0 0 0 4 0 5.75 0 –

Left forelimb and girdle bones 1.82 0 0 0 0 0 0 0 5 0 0 0 –

Left forelimb bones 0 0 0 0 0 0 0 0 0 0 30 0 –

Left hind limb bones 20.5 0 4.75 0 0 0 0 0 0 0 0 0 –

− without data
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vertebral apophyses, notched girdles (17.6 %); punctured
skulls and mandibles (4.7 %) and non-penetrating scratches
on humeri (2.4 %).

In our comparison of scavenged sheep remains in this study
to American black vulture pellets from the ledges of rocky
cliffs and trees reported by Ballejo et al. (2012), we found
our samples to contain a higher NISP for phalanges,
metapodia, vertebrae, and ribs. Although sheep carcasses
lacked vertebrae and ribs, phalanges were found (Fig. 4). The
results of the Spearman correlation coefficient suggest a posi-
tive correlation in NISP between sheep carcasses in our study
and those skeletal elements in pellets (rs = 0.521, p = 0.0267).

Discussion

The dispersal patterns, the relative abundance of elements, and
the bone modifications are attributed to different variables.
Abundance and diversity of the scavenging birds and size of
the carcasses are the most important. Thus, the small-sized
carcasses (European hare) were those which suffered the most
losses and dispersal of their skeletal elements, followed by
medium-sized carcasses (young sheep). Probably, the smaller

body sizes of these carcasses resulted in the easy transporta-
tion of their bones over considerable distances, producing a
lower relative abundance of elements.We found disarticulated
mandibles and articulated limb bones for young sheep. These
most likely results from different bird species being more or
less adept at disarticulating young sheep limbs. Also, young
sheep showed high levels of fracturing on skulls and modifi-
cations in the rest of bones, probably due to reduced ossifica-
tion in young individuals.

The abundance of species and individuals scavenging car-
casses was variable. The Andean condor was observed only
once across all of our studied carcasses, and the American
black vulture was the most abundant species scavenging car-
casses. The role played for each species in the dispersal and
bone modification was difficult to identify because observa-
tions were made from a range of 150–300 m to avoid intim-
idating the birds. Nevertheless, we consider the interaction
between the different bird species scavenging carcasses an
actual natural context a good model to interpret past natural
contexts. When comparing our results with those previously
published (Reeves 2009; Spradley et al. 2012; Dabbs and
Martin 2013), we found differences which could be assigned
to the presence of the Andean condor and caracaras.

Fig. 2 a Dispersion of the skeletal elements from postmortem (natural death) carcasses (adult sheep #1–9 and young sheep #1–2); b Dispersion of the
skeletal elements from perimortem (actualistic) carcasses (adult sheep #10 and hare)
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Comparison with other scavenger birds

Both dispersion and taphonomic features of carcasses con-
sumed by scavenger birds have been studied in North America
(Reeves 2009; Spradley et al. 2012). Reeves′ (2009) tapho-
nomic study of American black vulture and Turkey vulture,
scavenging pig and goat (Capra aegarus hircus) differed from
our results for New World vultures and caracaras. He found
that scavenging birds waited approximately 24 h after death
before scavenging began. Consumption time reported in his
study was also greater and averaged 16 h; the greatest con-
sumption time he found took 24 h. Scavenging initiated with
the disarticulation of pig and goat mandibles, followed by
skulls, scapulae, and forelimbs, whereas autopodia remained
articulated. Overall, the pig and goat had little damage, with
the only bone modification being surface furrows on skulls
and mandibles.

Dabbs and Martin (2013) reported a taphonomic study
of American black vultures scavenging pigs in different
environments over a period of 1 year. The authors ob-
served the taphonomic effects of scavengers varied with
climate and region and the absence of Turkey vulture
despite its presence in the area. They pointed out a severe
delay in the time of first arrival (up to 28 days), decreased
feeding time on remains (14–40 min), a low feeding rate

(7 days to 2 months to skeletonization), and few tapho-
nomic marks.

Spradley et al. (2012) examined American black vulture
and Turkey vulture scavenging of human remains. Compared
to our study, scavenging birds took 37 days to begin consump-
tion and only 5 h for complete skeletonization. Scavenging
birds displaced the body across an area less than 83.6 m2 and
spread the human remains from higher to lower elevations
with the left forelimb dispersed furthest. He also observed
scavenger birds returning to the body in subsequent days,
which resulted in the further dispersion of remains.

In our study, we found a lower dispersion distance for adult
sheep, young sheep, and European hare. Also, the short time
of first arrival to carcasses could be attributed to local en-
hancement (Buckley 1996, Rabenold 1987) and to the great
populations of scavenger birds (with the exception of Turkey
vulture) in the area (Bellati 2000; Lambertucci et al. 2009;
Ballejo et al. 2012; Lambertucci et al. 2014). The rapid arrival
of chimango caracara to the carcasses attracts the rest of the
scavenging birds.

We observed more modifications to sheep bones than those
reported by Reeves (2009) and Dabbs and Martin (2013),
including damaged scapulae and to lesser extent damage to
vertebrae, mandibles, girdles, skulls, and femora. Our obser-
vations suggest that the large body size and beak morphology

Table 2 MNE, MAU, and MAU% (standardized) for adult sheep, young sheep, and hare carcasses

Elements Adult sheep Young sheep Hare

MNE MAU MAU% MNE MAU MAU% MNE MAU MAU%

Skulls 10 10 100 2 2 100 0 0 0

Nasals 18 9 90 2 1 50 0 0 0

Mandibles 20 10 100 2 1 50 0 0 0

Cervical vertebrae 70 10 100 14 2 100 0 0 0

Thoracic vertebrae 130 10 100 26 2 100 0 0 0

Lumbar vertebrae 54 9 90 12 2 100 0 0 0

Caudal vertebrae 70 7 70 12 1.2 60 0 0 0

Sacra 9 9 90 1 1 50 0 0 0

Ribs 259 9.96 99.6 41 1.57 78.84 0 0 0

Sterna 10 10 100 1 1 50 0 0 0

Scapulae 19 9.5 95 4 2 100 0 0 0

Humeri 20 10 100 4 2 100 0 0 0

Radii/ulnae 20 10 100 4 2 100 0 0 0

Carpals 20 10 100 4 2 100 0 0 0

Metacarpals 20 10 100 24 2 100 0 0 0

Pelvis 20 10 100 4 2 100 0 0 0

Femora 20 10 100 4 2 100 0 0 0

Tibiae 20 10 100 4 2 100 1 0.5 100

Tarsals 100 10 100 20 2 100 6 0.5 100

Metatarsals 20 10 100 4 2 100 4 0.5 100

Phalanges 240 10 100 48 2 100 12 0.5 100
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of the Andean condor is advantageous for opening the abdom-
inal region of the carcass. These conditions expose more food
for those smaller birds which specialize in takingmeat (Wallace
and Temple 1987; Houston 1988). The results of our study
show that the bird is in fact a major scavenger that modifies
bones and has a rapid consumption time. However, the
resulting numerous remains of adult sheep and young sheep
found after scavenging indicate low bone attrition. For hare
remains, the lack of skeletal elements and their dispersal pattern
is most likely explained by the ease with which birds are able to
transport small-bodied animals.

We suggest that the bone modifications observed on uneat-
en adult sheep, young sheep, and hare bones recovered in
open landscapes represent a taphonomic signature of New
World vultures and caracaras. This is supported by the scav-
enging results showing a high completeness of skeletal ele-
ments remaining for large-sized carcasses and less complete-
ness for small-sized carcasses, with scarce damage on the
bones and the absence of digestive corrosion marks. Similarly,
this taphonomic signature also occurs with Egyptian vulture
(Neophron percnopterus, Accipitridae) scavenging (Sanchis
Serra et al. 2014; Lloveras et al. 2014). This bird transports
uneaten remains to nests frequently located in caves and rock
shelters, and subsequently punctures bones with its beak

during consumption. Thus, scavenging birds, such as the
Egyptian vulture and southern caracara, produce bone accu-
mulations representing differential consumption of body parts
and bone modification (e.g., digestive corrosion) by prey size
and diversity (Lloveras et al. 2014;Montalvo and Tallade 2009,
2010; Montalvo et al. 2011). These results, however, are con-
trary to Ballejo et al. (2012) for American black vulture pellets
with phalanges that exhibited strong digestive corrosion.

Implications for understanding the formation
of archaeological sites

Different taphonomic studies demonstrate that scavenger
birds are active taphonomic agents of bone accumulations in
Old World paleontological and archaeological sites (Robert
and Vigne 2002a, 2002b; Marín-Arroyo et al. 2009; Robert
and Reumer 2009; Marín-Arroyo and Margalida 2012). Our
evaluation of New World vulture and caracara scavenging of
perimortem and postmortem adult sheep, young sheep, and
European hare is the first taphonomic study to integrate
actualistic field data of bone remains, bone dispersal patterns,
and bonemodification.We suggest two taphonomicmodels of
vulture and caracara scavenging that can assist other

Table 3 Bone modification of scavenged carcasses

Elements Adult sheep #10 Adult sheep #1–9 Young sheep #1–2

C F NPS SPS N P C F NPS SPS N P C F NPS SPS N P

Skulls 1 0 3 0 0 0 5 4 10 0 0 0 0 4 0 0 0 2

Mandibles 1 1 1 0 0 1 18 0 0 1 4 0 2 3 0 0 0 2

Cervical vertebrae 7 0 0 0 0 0 63 0 0 0 0 0 14 0 0 0 0 0

Thoracic vertebrae 13 0 0 0 0 0 129 1 0 0 0 0 14 12 0 0 0 0

Lumbar vertebrae 3 3 0 0 3 0 29 19 0 0 0 0 3 19 0 0 0 0

Caudal vertebrae 10 0 0 0 0 0 60 0 0 0 0 0 12 0 0 0 0 0

Sacra 1 0 0 0 0 0 8 0 0 0 0 0 1 0 0 0 0 0

Ribs 26 0 0 0 0 0 218 15 0 0 2 0 16 25 0 0 3 0

Sterna 1 0 0 0 0 0 9 0 0 0 0 0 1 0 0 0 0 0

Scapulae 2 0 9 16 0 0 17 0 11 3 13 1 3 1 0 0 7 0

Humeri 2 0 0 0 0 0 18 0 0 0 0 0 4 0 1 0 0 0

Radii/ulnae 2 0 0 0 0 0 18 0 1 0 0 0 4 0 0 0 0 0

Carpals 12 0 0 0 0 0 18 0 0 0 0 0 4 0 0 0 0 0

Metacarpals 2 0 0 0 0 0 18 0 0 0 0 0 24 0 0 0 0 0

Pelvis 2 0 1 0 0 0 18 0 5 0 5 0 4 0 1 0 5 0

Femora 2 0 2 0 0 0 18 0 6 0 0 0 4 0 0 0 0 0

Tibiae 2 0 0 0 0 0 18 0 2 0 0 0 4 0 0 0 0 0

Tarsals 10 0 0 0 0 0 90 0 0 0 0 0 20 0 0 0 0 0

Metatarsals 2 0 0 0 0 0 18 0 0 0 0 0 4 0 0 0 0 0

Phalanges 24 0 0 0 0 0 216 0 0 0 0 0 48 0 0 0 0 0

Total 125 4 16 16 3 1 1006 39 35 4 24 1 186 64 2 0 15 4

C complete, F fracture, NPS non-penetrating scratch, SPS shallow-penetrating scratch, N notch, P puncture
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researchers with the analysis of animal remains found in the
paleontological and archaeological record:

1. Open-air sites. In these sites, researchers can expect to
find scavenged remains of large and medium-sized verte-
brates to be represented by most skeletal elements (e.g.,
mandibles, articulated limb bones) dispersed in an aver-
age radius of c. 7 m. In the dispersal radius, the greatest
transported element would most likely be scapulae. Ex-
pected bone modification includes non-penetrating

scratches and shallow-penetrating scratches and notches
and scarce punctures in skulls, mandibles, and scapulae.

2. Rock shelter or cave sites. In these sites, researchers can
expect scavenged accumulations to contain a high relative
abundance of small vertebrates. Bone modifications ex-
pected can include strong digestive corrosion. This will be
particularly prevalent for small animal fractured ribs and
vertebrae and autopodia elements (e.g., phalanges). By
contrast, large-sized mammals are expected to exhibit
strong digestive corrosion (Ballejo et al. 2012).

Fig. 4 Comparison of adult
sheep and young sheep skeletal
abundance resulting from black
vulture scavenging between this
study and pellet samples of
Ballejo et al. (2012)

Fig. 3 Scavenging modifications
on adult sheep carcasses. a
Perimortem (adult sheep 10) after
bird consumption; b Non-
penetrating scratch on femur
(adult sheep #10); c Notching
(2–3 mm length) on the posterior
border of the scapula (adult sheep
#7); d Fractures on the transverse
processes of the lumbar vertebrae
(adult sheep #10); e Puncture
(3–5 mm length) on the angular
process of the mandible (adult
sheep 10)
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Conclusion

The results support a distinct difference among perimortem
and postmortem carcasses and the scavenging of different-
sized carcasses (i.e., large [adult sheep], medium [young
sheep], and small [European hare]). Moreover, our compari-
sons of anatomical representation between pellets (located in
cliffs, rock shelter, or cave sites) and scavenged carcass (lo-
cated in open-air sites) suggest significant differences between
archaeological and paleontological sites. In addition, tapho-
nomic similarities and differences with scavenger birds from
other parts of the world, and with carnivorous mammals that
inhabit Northwestern Patagonia, are clear. In fact, the partici-
pation of Andean condor plays a distinctive role in reducing
the time of carcass consumption and producing bone
modifications.

The results of our study demonstrate the potential of New
World vulture and caracara scavenging to contribute in the
formation of archaeological sites in addition to those produced
by other taphonomic agents (e.g., carnivorous mammals and
humans). Although this investigation was performed in North-
western Patagonia, the taphonomic observations we report can
assist other researchers in their development of actualistic
scavenging models for archaeological and paleontological
sites outside of South America where New World vultures
and caracaras occur.
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