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Herewe present the first fossil record of abone assemblage that could have been accumulated byNewWorld vultures
(Cathartidae). The bone remains were found in an archaeological rockshelter called Gruta do Pres�epio (GPR),
located in the tropical rainforest environment of Santa Catarina State, southern Brazil, where groups of hunters and
gatherers lived from the Early toMiddleHolocene (9.3–4.6 cal. ka BP) until the LateHolocene (1.3 cal. ka BP). The
results of taphonomic analysis of the archaeological sample are comparedwith actualistic taphonomicmodifications
produced by NewWorld vultures. The findings of autopodials (mainly phalanges) of medium and large mammals,
with a high degree of digestive corrosion but without tooth marks, could be related to the pellet deposit pattern of
New World vultures. Seven mammal taxa associated with a forest environment were identified, four of which were
obtained from pellets deposited by Cathartidae; these included some native taxa (Cervidae, Dasypodidae, Felidae
and Tayassuidae) that are frequently consumed today by these scavenger birds. The bone and tooth remains
contained in the pellets regurgitated by Cathartidae were found together with faunal remains discarded by humans
that lived inGPRfrom theEarly to theLateHolocene. This palimpsest highlights the relevance of archaeological and
actualistic taphonomic studies.
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Archaeological sites frequently constitute palimpsests of
cultural and natural processes (Bailey 2007; Borrero
2014). For instance, successive bone assemblages can be
accumulated by humans and other predators or scaven-
gers throughout the stratigraphy or in different parts of
an archaeological site. Taphonomy is the discipline
responsible for addressing these problems (Lyman
1994, 2010; Borrero 2014). In South America, several
types of taphonomic research (actualistic, archaeologi-
cal, palaeontological) focus on the role of carnivorous
mammals and birds of prey as accumulators (e.g.
Mondini 1995, 2017; Martin & Borrero 1997; Borrero
et al. 2005, 2018; G�omez & Kaufmann 2007; Montalvo
et al. 2007, 2008, 2012;Mondini&Mu~noz 2008;Mu~noz
et al. 2008; L�opez et al. 2017; Montalvo & Fern�andez
2019; Scheifler et al. 2020). However, few taphonomic
contributions have come from recent samples of New
World vultures of the Cathartidae family (Reeves 2009;
Ballejo et al. 2012; Spradley et al. 2012;Dabbs&Martin
2013; Ballejo 2016), and there is no archaeological or
palaeontological evidence in the fossil record to show
them as accumulators. Conversely, several European

studies have demonstrated the active role of Old World
vultures (Accipitridae) in fossil record formation (e.g.
Robert&Vigne 2002a, b;Davis et al. 2007; Costamagno
et al. 2008;Mar�ın-Arroyo et al. 2009; Robert &Reumer
2009; Mar�ın-Arroyo &Margalida 2012).

Cathartidae are strictly scavengers that feedoncarrion
of large ungulates, but they can include smaller
vertebrates in their diets (Wallace & Temple 1987; Del
Hoyo et al. 1994; DeVault et al. 2003; Kelly et al. 2007;
Lambertucci 2007; Lambertucci et al. 2009; Ballejo &
DeSantis 2013; Ballejo et al. 2017).Although six species
of Cathartidae occur in South America, only four are
found in southern Brazil: the American black vulture
(Coragyps atratus), the turkey vulture (Cathartes aura),
the lesser yellow-headedvulture (Cathartes burrovianus),
and the king vulture (Sarcoramphus papa) (Del Hoyo
et al. 1994). Although the distribution of the Andean
condor (Vultur gryphus) is geographically distant from
southern Brazil (˃1500 km to the west), there is a fossil
record of this species in Lagoa Santa, Minas Gerais,
dating from theEarlyHolocene (Alvarenga 1998). These
species are large birds that occur in open areas, roosting,
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foraging and living socially in large groups on cliffs,
rockshelters, or trees; they feed on dead animals of any
size (DelHoyo et al. 1994;Kellyet al. 2007;Ballejo&De
Santis 2013; Ballejo 2016). The distribution range of
C. atratus stretches from southern North America to
southern South America, while C. aura occurs in a
diversity of environments from the southern border of
Canada to the extreme south of Argentina, and
V. gryphus is distributed from the Andes Mountains of
Venezuela to the extreme south of Argentina and Chile
(Del Hoyo et al. 1994; Lambertucci 2007; Lambertucci
et al. 2009). Therefore, this species can be considered
part of the Cathartidae inhabiting the eastern lowlands
ofBrazil during theEarlyHolocene.Three species of this
family (C. atratus, C. aura and V. gryphus) have under-
gone actualistic studies that could be useful as modern
for comparisonwith the fossil record (Ballejo et al. 2012)
and also for forensic purposes (Reeves 2009; Spradley
et al. 2012;Dabbs&Martin2013).These scavengerbirds
may scatter carcass parts around the site of a dead
animal, or bones may be transported in their pellets to
bird nesting or roosting sites on rocky cliff ledges and in
trees; these carcass parts canbecomemixedwith the food
remains of carnivorous mammals or humans (Ballejo
et al. 2012; Mar�ın-Arroyo & Margalida 2012). There-
fore, identification of the accumulating agents of faunal
assemblages recovered from archaeological sites is a
valuable tool with which to make palaeoecological,
palaeoenvironmental and palaeoeconomic interpreta-
tions (Mar�ın-Arroyo &Margalida 2012).

We present here the first fossil record of a bone
assemblage that could have been accumulated by New
Worldvultures.The sample came fromanarchaeological
site located in the rainforest environment of southern
Brazil, where groups of hunters and gatherers also
discarded animal bones consumed during theHolocene.
The results of the taphonomic analysis of the archaeo-
logical samples are compared with actualistic data on
taphonomic modifications produced by New World
vultures.

Material and methods

Archaeological site, environments and the archaeological
sample studied

The Gruta do Pres�epio (GPR) archaeological site is
locatedclose to the southernmarginof the Itaja�ı doOeste
river, inRiodoOestemunicipality, SantaCatarina State,
southern Brazil (latitude 27°12031.4100S, longitude
49°46038.9700W, altitude 442 m a.s.l., Fig. 1A–C). GPR
is situated within an archaeological complex that
includes threeother archaeological sites:GrutadoTigre,
Fenda do Tigre and Oficina do Tigre. Rio do Oeste lies
within the Atlantic Forest Biome (IBGE 2019), and its
vegetation is the Tropical Rainforest of the Alto Vale do
Itaja�ı. This forest ismainly characterized by low richness

of tropical trees and great homogeneity of the dominant
species, such as Aspidosperma olivaceum, Copaifera
trapezifolia and Ocotea spp., which present high abun-
dance and frequency (Klein 1978). The current vegeta-
tion is represented by small fragments of this forest type
in an agricultural matrix (Vibrans et al. 2012). The
climate is mild mesothermal, with average temperatures
of between 10 and 15 °C, and extremely humid, with no
periods of drought (IBGE 1978).

GPR is a large rockshelter (35 m wide at the mouth
and 17 m long) eroded out of a shale outcrop super-
imposedby layers of sandstone; this context is also found
in Gruta do Tigre and Fenda do Tigre archaeological
sites (Machado et al. 2019). Because this rockshelterwas
used for a long time for religious purposes, a wall was
built that artificially separates the shelter into two parts:
the first part, internal, extends from the far end of the
rockshelter to thewall, and the second, external, extends
from the wall to the drip line (Fig. 1D). The roof of the
rockshelter coversbothparts. Eight 191 mandone1 m
9 50 cm archaeological excavation units were dug in the
internal part (area 1) of the rockshelter, and three of 19
1 m in the external part (area 2) (Fig. 1D). Excavation
area 2 resulted in eight layers, defined according to
sedimentological and cultural features. The principal
cultural input was detected in layers 6 and 7. Layer 8, the
deepest one, did not present lithic remains.The rockbase
of the shelter, composed of shale, was reached at about
113 cm. The sedimentary filling of GPRvaried between
silty sand and clayey sand, with the general predomi-
nance of a sandy matrix. The extracted sediments were
sieved through 2–4 mm sized mesh. Archaeological
remains were identified and collected, including faunal
bones (fishes, frogs, lizards,birds,andsmall,mediumand
large mammals), mollusc shells (gastropods and
bivalves), and lithic artifacts and charcoals (Machado
et al. 2019).General informationonthe stratigraphyand
chronology is presented in Table 1.

A total of 1215 faunal remains were obtained from
three excavation units of area 2 (N17L51, N18L51 and
N17L58; Fig. 1D), including the remains deposited by
Cathartidae (NISP = 144). Based on the chronostrati-
graphical analysis, we divided this sample into the
following temporal units: Early to Middle Holocene
(layers 5–8) and Late Holocene (layers 1–4). Faunal
remains with evidence of human exploitation recovered
from all units of both excavation areas at GPRare being
fully studied.

Comparative actualistic samples

The actualistic information of Cathartidae for South
America came from northwestern Patagonia (44°110

55.700S, 71°05043.100W, Fig. 1A). The pellet samples
(N = 619) were collected in two communal roosts of
C. aura (N=96)andeight communal roostsofC. atratus
(N = 334), which were both located in trees, and five
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communal roosts of V. gryphus (N = 189) located in a
rockshelter (see Table S1 for more details of the sample
localities).

This area presents a cold climate with strong westerly
winds and a significant west–east rainfall gradient, from
800 to 300 mm, respectively, precipitation falling
mainly in the winter. The environment includes high
elevations of the North Patagonian Andes (2000–
2300 m a.s.l.) and low mountains (1300–1800 m a.s.l.)
of the Pre-cordillera (Giacosa et al. 2005); it is
characterized by shrubby and grassy steppe (Le�on et al.
1998). Despite the climate and environment being quite

different than the GPR location, we consider that the
actualistic taphonomic information of the aforemen-
tioned samples is valuable for comparison purposes, as
they are well systematized and use the same taphonomic
methodology as the archaeological samples (Table 2).
In addition, raptor pellets have been widely used in
actualistic models for comparison with the fossil
records of areas with different climatic and environ-
mental conditions, given that they usually present
similar taphonomical patterns (e.g. Andrews 1990;
Fern�andez et al. 2017; Fern�andez et al. 2019; Montalvo
& Fern�andez 2019).

Fig. 1. A–C.Geographical locationof thearchaeological siteGrutadoPres�epio inSantaCatarinaState,Brazil.TheblackstaronthemapofSouth
America (A) indicates the location in northwestern Patagonia of the recent study samples of NewWorld vultures. D. Plan of the site showing the
location of the excavations. Black arrows indicate grids with bones accumulated by NewWorld vultures.
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Methods

The material was cleaned with brushes and water in the
Laborat�orio de Estudos Interdisciplinares em Arqueo-
logia do Departamento de Hist�oria da Universidade
Federal de Santa Catarina (UFSC, Florian�opolis, Santa
Catarina, Brazil) and then identified taxonomically
through comparison with recent specimens of the
mammal collection of the Ecology andZoologyDepart-
ment of the UFSC.

The mammals recovered were divided into three size
categories: small (<5 kg; Nasua nasua, Eira barbara,
Dasypus, Lepus europaeus, Reithrodon auritus), medium
(between 5 and 20 kg; Lycalopex) and large (>20 kg;
Tayassuidae,Cervidae,Tapirus terrestris,Pumaconcolor,
Ovis aries). The average body mass of the species
represented was obtained from the Macroecological
Database of Mammalian Body Mass (MOM), version
4.1 (Smith et al. 2003). The palaeoenvironmental
interpretation is based on the use of mammals as
indicators of environmental conditions: knowledge of
the presence or absence of several species in conjunction
with their environmental requirements enables palaeoe-
cological inferences to be made (e.g. Andrews 1990;
Tonni et al. 1999).

Bone and tooth remains were identified according to
the following measures of taxonomic abundance and
skeletal parts: NSP (total number of specimens), NISP
(number of identified specimens per taxon), MNE
(minimum number of elements) and MNI (minimum
number of individuals) (Grayson 1984). The extent of
bone fragmentation of the assemblage was measured by
the ratio NSP/NISP. As NSP/NISP increases, the
fragmentsare smallerand less identifiable (Lyman2008).

In addition, digestive corrosion was evaluated using
the classification of Ballejo (2016), which is a modified
version of the original proposalmade byRobert&Vigne
(2002a) and Lloveras et al. (2014). These authors
developed a categorization that enables classification of
mammalianautopodial elementsaccording to thedegree
of digestive corrosion: the gradient of modification due
to digestive corrosion goes from light and moderate to
heavy and extreme (Table 2). Finally, the digestive
corrosion observed in the molars of small mammals
found in the recent samples was evaluated considering
four categories of predators, and based on the classifi-
cation (light, moderate, heavy and extreme) proposed by
Fern�andez et al. (2017).

Results

Faunistic samples from Gruta do Pres�epio

Bones recovered at excavation units N17L51, N18L51
and N17L58 of GPR correspond to mammals and
indeterminate splinters (Table 3). The extent of frag-
mentation (NSP/NISP) shows a very fragmented bone
assemblage (mostly in the Early to Middle Holocene),
with a high proportion of splinters and a low level of
specific identification.Determinationofmost specimens
was possible only to body-size classes (Early to Middle
HoloceneNISP% = 42.3; LateHoloceneNISP% = 51.1).
Regarding NISP values, the dasypodid Dasypus sp.
(armadillo) and the tayasuid (peccary) were the most
represented taxa in both temporal units. In the case of
Dasypus, however, the relative value decreases consider-
ably in terms of MNI since most of the elements

Table 1. Gruta do Pres�epio schematic sequence: stratigraphy and chronology. Calibration was carried out using the CALIB 8.2 program. *The
depth and layer datawere collected from layers 1–6: N17L51; layer 7: N17L51/N18L51; and layer 8: N18L51.

Layers Depth
(cm*)

Sedimentary
composition

Main dates
(14C a BP)

Calibrated age
(median probability; a BP)

Temporal units

1 0–15 Silty sand Late Holocene
2 15–20 Silty sand
3 20–35 Silty sand
4 35–40 Silty sand 1450�30 1311

5 40–60 Silty sand 4150�30 4632 Early toMiddle Holocene
6 60–73 Clayey sand 8330�30 9301
7 73–98 Clayey sand
8 98–113 Clayey sand

Table 2. Degrees of digestive corrosive of ingested bones and
osteoderms generated by the digestive acids of scavenger birds; used
by Ballejo et al. (2012), modified from Robert & Vigne (2002a) and
Lloveras et al. (2008).

Category Description

Light Signsof ‘attack’ invisible to thenaked eye, only recognized
under stereomicroscope.Less than25%of thebonesurface
is affected.

Moderate Porosity around both articular surfaces. Bone destruction
may have occurred, but is very localized.

Heavy The entire surface of the bone is affected; bone is
perforated to the marrow cavity. Advanced bone
destruction affects more than 50% of the bone. Extensive
rounding of edges. Possible splitting and cracking.

Extreme Entire parts of thebonemissing. Strong roundingof edges.
Identification of the bone element is difficult.
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belonging to this species were osteoderms from the
carapace, which are numerous in each individual. Few
specimens were recorded for the other taxa recovered
from GPR. The mustelid Eira barbara (tayra) was
recorded in both temporal units. The tapirid Tapirus
terrestris (lowland tapir) and the procyonidNasua nasua
(South American coati) were recorded only in the Early
to Middle Holocene unit. The felid Puma concolor
(puma) was identified in the Late Holocene unit.

Different taphonomic trajectories were observed in
the samples studied, encompassing human exploitation
and bird scavenging. The samples were affected by
postdepositional processes (Table S2). We focus here
on the remains deposited byNewWorld vultures (NISP
= 144), where digestive corrosion is prevalent (Table 4).

Concerning the small mammal group, the main
category of digestive corrosion observed was extreme
corrosion, followed by heavy and light (Fig. 2A). In the
medium and large mammals all the categories were

present, althoughmost of thebones ofmediummammals
showed moderate or extreme corrosion (Fig. 2A).

The few remains recovered from the Early to Middle
Holocene with evidence of digestive corrosion (an
osteoderm (Dasypus), a vertebra (small–medium mam-
mal), autopodials (felid and small–medium mammal)
and a splinter) showed porosities, rounding of edges,
splitting, cracking, large holes and loss of bone tissue
compatible with heavy and extreme categories of
modification (Table 4). Only the vertebrawas fractured.
Regarding the Late Holocene, all the corrosion catego-
ries were observed in the following proportions: light
(29.7%), moderate (7.8%), heavy (23.9%) and extreme
(38.4%). Of all the identified digested specimens, 63.1%
were broken (Table 4), and limbbones evidenced rough,
angular fracture edges. The Dasypus osteoderms had a
high degree of digestive corrosion, from those with the
entire surface affected (29.7%; Fig. 3A) to others with
greater damage, observed as a very thin layer of bone

Table 3. Relative abundance of taxa recovered fromGruta do Pres�epio for each temporal unit.

Weight (kg) Early–Middle Holocene Late Holocene

NISP MNE MNI NISP MNE MNI

Mammalia indet. (medium–large) 5 5 1 16 16 1
Mammalia indet. (medium–small) 28 28 2 73 71 2
Cetartiodactyla indet. 0 0 0 6 5 1
Cervidae indet. 1 1 1 3 3 1
Tayassuidae indet. 26.8 10 9 2 15 15 3
Tapirus terrestris 207.5 2 2 1 0 0 0
Carnivora indet. 12 8 1 1 1 1
Felidae indet. 1 1 1 0 0 0
Puma concolor 51.6 0 0 0 1 1 1
Nasua nasua 3.8 2 2 1 0 0 0
Eira barbara 3.9 1 1 1 2 2 1
Dasypus sp. 2.4 23 21 1 57 43 1
Total 85 78 12 174 157 12
Indet. (splinters) 400 556
Total NSP 485 730
NSP/NISP 5.71 4.19

Table 4. Different types of digestive corrosion in bone remains recovered fromGruta do Pres�epio. F% = fracture %; L = light;M =moderate; H=
heavy; E = extreme.

Bone Early–Middle Holocene Late Holocene

N F% L M H E N F% L M H E

Hyoid 0 0 0 0 0 0 1 100 0 0 1 0
Vertebrae 1 100 0 0 0 1 3 100 0 1 1 1
Rib 0 0 0 0 0 0 1 100 0 0 1 0
Humerus 0 0 0 0 0 0 1 100 0 0 1 0
Tibia 0 0 0 0 0 0 2 100 1 1 0 0
Basipodial 1 0 0 0 0 1 2 0 0 2 0 0
Astragalus 1 0 0 0 1 0 3 33 0 1 1 1
Calcaneus 0 0 0 0 0 0 1 0 0 0 0 1
Metapodial 0 0 0 0 0 0 2 0 0 1 1 0
Phalange 1 0 0 0 0 1 12 50 4 4 2 2
Osteoderm 1 0 0 0 1 0 37 70 0 0 11 26
Indet. 1 100 0 0 1 0 73 100 36 1 14 22
Total 6 0 0 3 3 138 41 11 33 53
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(70.3%; Fig. 3B). Autopodials with digestive corrosion
were relatively well represented (Table 4). They mostly
consistedofphalangesofcervids, tayasuidsandDasypus,
with different degrees of digestive corrosion, from those
with porosities and perforations (Fig. 3C), to metapo-
dials of small–medium mammals and basipodials, the
latter including some unidentified elements that were
severely digested: astragali of tayasuids and the calca-
neus of amediummammal (Fig. 3D). In addition, three
vertebrae of mammals showed digestive corrosion of a
moderate to extreme degree (Fig. 3E). Two tibiae of
cervids and one humerus of a medium–large mammal
were lightly to heavily corroded. The entire surface of a
hyoid fragment belonging to a cervid presented digestive
corrosion and broken and rounded ends (Fig. 3F).
Finally, several unidentified splinters were found with
different degrees of digestive corrosion, mostly light
(49.3%) and extreme (30.1%) (Table 4).

Pellet samples of modern NewWorld vultures

Coragyps atratus. – A total of 340 bone and tooth
remains in the 344 pellets were found, 43.8% of which
corresponded to unidentified fragments. This moderate
level of identification is also reflected in the values of the
ratio NSP/NISP (Table 5). The majority of identified
specimens belonged to the exotic European hare Lepus
europaeus (NISP = 142), followed by the domestic sheep
Ovis aries (NISP = 23) and the small cricetid rodent
Reithrodon auritus (NISP = 8). Finally, unidentified
mammals (NISP = 14) and birds (NISP = 4) were also
recorded.

All the identified remains showedevidenceofdigestive
corrosion, and 14% were fractured. Regarding the small
mammal group, all the categories of digestive corrosion
were representedwithhigh frequencies, althoughmostof
the bones showed moderate or heavy corrosion
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(Fig. 2B). In the case of medium mammals, the heavy
digestive corrosion category was the most frequent,
followed by moderate and extreme. Conversely, the
extreme and moderate digestive corrosion categories
were higher in bones of largemammals.The fewbones of
birds exhibited heavy or extreme corrosion (Fig. 2B).

ForL. europaeus the autopodialswere the bonesmost
represented (60.6%), followed by vertebrae (21.8%) and
teeth (9.2%). The remaining bones (tibia, patella, radius,
maxilla and mandible) were present in even lower
proportions. The phalanges (NISP = 71) of this leporid
showed different degrees of digestive corrosion, from
elements with signs of ‘attack’ invisible to the naked eye
(39.4%), porosity around both articular surfaces
(35.2%), to specimens with no bone marrow (16.9%) or
only proximal or distal parts remaining (8.5%). In
addition, the vertebrae of L. europaeus (NISP = 31)
displayed strong digestive corrosion (48.4%), followed
by extreme (29%) and moderate (22.6%). In the case of
O. aries, 73.9% of the specimens were incisors showing
extreme digestive corrosion. Phalanges of this species
(NISP = 5) exhibited a large hole near the proximal

articular facet or entire parts of the bones were missing
(Fig. 4A, B). The isolated molars of R. auritus showed
evidence of moderate and extreme digestive corrosion.
Finally, 149 unidentified splinters showed digestive
corrosion.

Cathartes aura. – A total of 92 bone and tooth remains
were recovered from the 96 pellets found (Table 5), 50%
of which were unidentified fragments (NSP/NISP = 2).
Fish remains were the most represented (NISP = 22),
followed by remains of Lycalopex sp. (NISP = 12),
L. europaeus (NISP = 4), and O. aries (NISP = 2).
Unidentified birds (NISP = 6) were also recorded.

All the identified remains presented evidence of
digestive corrosion, and 36% were fractured. Among
the smallmammal group, the four remains showedheavy
corrosion. Most of the bones of the medium mammals
showed extreme corrosion, followed by moderate and
heavy (Fig. 2C). Among mediummammals the extreme
digestive corrosion category predominated, followed by
moderate and heavy. The two bones belonging to large
mammals presented moderate corrosion. The bones of

Fig. 3. Examples of bones found inGruta do Pres�epio archaeological site (LateHolocene), showingmodification attributed to the action ofNew
World vultures. A.Mobile osteodermofDasypus sp. with heavy corrosion. B.Mobile osteodermofDasypus sp. with extreme corrosion.C. Second
phalanx of Cervidae with a large hole close to the proximal articular facet. D. Calcaneus of medium mammal showing surface porosities and
perforations. E. Vertebra of mediummammal showing extreme corrosion. F. Hyoid fragment of Cervidae showing heavy digestive corrosion.
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birds exhibited moderate and extreme corrosion, while
the bones of fishes evidenced heavy and extreme
corrosion (Fig. 2C).

In the case of fishes, 63.6%of vertebrae suffered strong
digestive corrosion,with destruction of their haemal and
neural spines. The other vertebrae displayed extreme
digestive corrosion, where almost the entire bone was
altered. The entire surface of the metapodials of
Lycalopex sp. (NISP = 6) were corroded, leaving the
edges of the bones markedly thinned or broken. All the
phalanges of this canid (NISP = 5) presented porosities:
in most cases they had perforations and the proximal or
distal articular facetsweremissing. The calcaneus of this
species showed porosity and destruction in the posterior
part (Fig. 4C). In addition, the enamel of L. europaeus
molars was reduced to small islands on the dentine, a
clear indication of heavy digestion. The incisors of
O. aries (NISP = 2) suffered moderate digestive corro-
sion, the enamel being removed only in parts, mainly at
the edges. Finally, 46 unidentified splinterswere affected
by digestive corrosion.

Vultur gryphus. – A total of 103 bone and tooth remains
were found in the 171 pellets (Table 5), 50.5% of which
were undetermined fragments (NSP/NISP = 2.02).Most
of the identified specimens corresponded to
L. europaeus (NISP = 28), followed by bones ofO. aries

(NISP = 16) and of cervids (NISP = 1). Finally,
undetermined mammals (NISP = 2) and reptiles (NISP
= 4) were found.

All the identified remains presented evidence of
digestive corrosion, 23% being fractured. In the small
mammal group all the categories of digestive corrosion
were represented, although most of their bones showed
moderate or extreme corrosion (Fig. 2D). In contrast,
the light and heavy corrosion categories were more
frequent in bones of large mammals, followed by
moderate corrosion. The few bones found of reptiles
displayed moderate corrosion (Fig. 2D).

Thephalanges(NISP=10)andmetapodials (NISP=3)
ofL. europaeussuffereddigestivecorrosionmostlyonthe
articular surface.Thevertebrae (NISP=7)of this leporid
were severely damaged and fragmented, with extreme
corrosion in all cases. Mandibles (NISP = 1) of
L. europaeus showed heavy corrosion. In addition, the
ribs(NISP=3)ofthisspecieswereaffectedbymoderateor
heavy corrosion. The ribs (NISP = 10) of O. aries
corresponded to medial fragments, with light (NISP =
7), moderate (NISP = 1) and heavy (NISP = 2) digestive
corrosion (Fig. 4D). Hyoid fragments (NISP = 5) of this
species were recovered with moderate (NISP = 1) and
heavy(NISP=4)digestivecorrosion(Fig. 4E).Avertebra
ofO. arieswas found that had its entire surface affected
(Fig. 4F). Finally, 52 unidentified splinterswere found.

Table 5. Different levels of digestive corrosion observed in bone remains recovered fromNewWorld vulture pellet samples. F% = fracture %; L =
light; M =moderate; H = heavy; E = extreme.

Coragyps atratus Cathartes aura Vultur gryphus

NISP F% L M H E NISP F% L M H E NISP F% L M H E

Skull 1 100 0 0 0 1 3 100 0 0 2 1 0 0 0 0 0 0
Hyoid 0 0 0 0 0 0 0 0 0 0 0 0 5 20 0 1 4 0
Maxilla 6 100 0 0 3 3 0 0 0 0 0 0 0 0 0 0 0 0
Mandible 1 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 1
Incisor 25 0 2 7 4 12 2 0 0 2 0 0 0 0 0 0 0 0
Molar 10 0 0 2 3 5 2 0 0 0 2 0 0 0 0 0 0 0
Vertebrae 33 33 0 7 16 10 23 100 0 0 14 9 14 29 0 5 1 8
Sacrum 0 0 0 0 0 0 0 0 0 0 0 0 1 9 0 0 0 1
Rib 4 0 0 1 3 0 0 0 0 0 0 0 13 85 7 3 3 0
Sternum 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0
Scapula 0 0 0 0 0 0 1 0 0 0 0 1 1 100 0 1 0 0
Humerus 2 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Pelvis 3 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0
Femur 1 100 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0
Radius 1 100 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
Tibia 2 100 0 0 1 1 0 0 0 0 0 0 1 100 0 0 1 0
Patella 6 0 0 2 3 1 0 0 0 0 0 0 2 0 0 1 0 1
Sesamoid 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Astragalus 2 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0
Calcaneus 2 0 0 0 2 0 1 0 0 0 1 0 0 0 0 0 0 0
Metapodial 12 75 2 10 0 0 6 100 0 0 0 6 3 100 0 3 0 0
Phalange 80 25 30 30 13 7 7 29 0 4 1 2 10 30 3 7 0 0
Total 191 14 35 61 54 41 46 36 0 7 20 19 51 23 10 21 9 11
Indet. 149 46 52
Total NSP 340 92 103
NSP/NISP 1.78 2 2.02
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Discussion

NewWorld vultures as accumulators in Gruta do Pres�epio

The skeletal remains recovered from the New World
vulture pellets analysed here were represented by a small
number of elements in relation to the number of pellets;
thus, very large pellet deposits of these scavenger birds
are required in order to accumulate a large bone
assemblage. The three actualistic samples had therefore
tobecombineddue to their small size.Figure 5shows the
comparisonof levels of digestive corrosion from theLate
Holocene GPR and the average of the three modern
species of Cathartidae. If all the available samples are
considered together, a different pattern of digestive
corrosion is observed, mostly in the categories light,
moderate and extreme. The archaeological sample also
shows an increasing trend towards the categories of
greater bonedamage (Fig. 5A). In these samples, there is
apositive correlation between thevalues for categories in
the archaeological and actualistic samples, but this is low
and not significant (rs = 0.2; p = 0.92). However, when
smallmammals are excluded from the computations this
positive correlation is stronger (rs = 0.4; p = 0.75),
although it drops to high negative values when the small
mammals are considered separately (rs = �0.8;
p = 0.33). The non-significant results of these correla-
tions, coupled with the small sample size, hinders the
scope of our interpretation; however, this does not
preclude observation of general trends. To sum up, it is

clear that the archaeological and actualistic samples
show more similar digestive corrosion patterns for
medium and large mammals (Fig. 5B) than for small
mammals (Fig. 5C).

The samples of the three New World vulture species
have similar fragmentation index values (NSP/NISP),
close to 2 (Table 5), as a consequence of the splinters
found (roughly 50% of the total), which have no precise
taxonomic identification. The higher fragmentation
recorded in these archaeological samples (Table 3),most
of which had rough, angular fracture edges, were
probably increased by trampling, a commonpostdeposi-
tional taphonomic process in caves and rockshelters
where circulation space is restricted (e.g. Andrews 1990;
Lyman 1994).

In both archaeological and actualistic samples, the
autopodial elements (mostly phalanges) were the most
digested (Tables 4, 5). Despite phalanges not being of
value nutritionally, they are common in zooarchaeolo-
gical records generated by humans because they are
frequently collected along with elements of higher
nutritional content (i.e. entire limbs). In addition, the
phalanges are often associated with skinning processes,
andmaybe transported for later use as tools (e.g.Binford
1981; Lyman 1994; Politis et al. 2011). In this sense, the
high levels of digestive corrosion (mainly porosities,
perforation, rounding of edges and missing parts) on
phalanges could provide a clue as to how to discriminate
theNewWorld vulture assemblages from those accumu-
lated by humans (Ballejo et al. 2012). In addition, the
congruenceobserved in the findingsof digestedhyoidsof
large mammals in GPR (Fig. 3F) and in Vultur gryphus
pellet samples (Fig. 4E) may be related to ingestion of
this bone by scavenger birds when they eat the tongue
(e.g. Bellati & von Thungen 1990). In contrast, when
humans remove the tongue of large prey they do not
ingest the hyoid, leaving only cut marks from the use of
tools (e.g. Kooyman et al. 2006: fig. 4; Merritt 2017).
Unlike the findings for scavenger birds, there are no
records of digestion marks in hyoids found in the scat of
carnivorous mammals. Bones ingested by carnivorous
mammals are affected by both digestive acids and the
action of mastication. Thus, an important overall
difference between the bone remains accumulated by
these two agents is the high level of breakage, crenulation
and holes found in bones due to the chewing action of
mammals and the frequency of skeletal elements (bone
remains decrease as prey size increases) in carnivore
scats, suggesting that smaller prey itemswere swallowed
without much chewing (e.g. Martin & Borrero 1997;
Montalvo et al. 2007; Mondini 2017; Montalvo &
Fern�andez 2019). For example, bones recovered from
scats of the large felid Puma concolor yield fragmentary
remains with light to heavy categories of digestive
corrosion, crenulation and tooth marks (e.g. Martin &
Borrero 1997; Borrero et al. 2005, 2018;Montalvo et al.
2007; Mondini & Mu~noz 2008; Mu~noz et al. 2008;

Fig. 4. Examples of digestive bone modification found in recent
samples ofNewWorld vultures.Coragyps atratus: A–B. First and third
phalange of Ovis aries showing heavy corrosion. Cathartes aura: C.
CalcaneusofLycalopex sp.withmoderate corrosion.Vulturgryphus:D.
RibfragmentofO. arieswithheavycorrosion.E.HyoidofO. arieswith
heavy corrosion. F. Vertebra ofO. arieswith heavy corrosion.
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Mondini 2017; Montalvo & Fern�andez 2019). In
addition, smaller carnivores such as the felid Leopardus
geoffroyi, the mephitid Conepatus chinga, and canids of
the genus Lycalopex, produce bone and tooth modifica-
tions with crenulations, tooth marks, and a high
proportion of breakage and digestive corrosion, includ-
ing all the categories, because their chewing crushes their
preybefore ingestion (e.g.Mondini1995,2017;G�omez&
Kaufmann 2007; Montalvo et al. 2008, 2012; L�opez
et al. 2017;Montalvo&Fern�andez 2019; Scheifler et al.
2020).

Figure 6 shows comparison of the curves of MNE%
(forendoskeletal elements)of theLateHolocene inGPR,
the average of samples of the three modern species of
Cathartidae, and samples of carnivorous mammals.
Archaeological and actualistic samples are quite similar,
yielding high values of phalanges and vertebrae,
although the Late Holocene sample is richer in osteo-

derms than the modern samples High levels of autopo-
dial elements and some osteoderms were also found in
previous actualistic studies of C. atratus pellet samples
fromnorthwesternPatagonia (Ballejo et al. 2012: figs 2e,
3). Otherwise, these characteristics differ from the bone
assemblages made by facultative scavenger birds of the
area, such as Caracara plancus and Milvago chimango.
Both species can feed on the carcasses of medium and
largeanimalsbut cause littledamage to them; theydonot
usually ingest bone remainsandso therearenonepresent
in their pellets (Montalvo & Fern�andez 2019 and
references cited therein). Regarding the carnivorous
mammals of South America, in central Argentina
P. concolor scats contain abundant metapodials, verte-
brae, femora, tibiae, humeri, ulnae and osteoderms
mainly belonging to ungulates, carnivores, armadillos,
lagomorphs and rodents (Montalvo et al. 2007). In
southern Patagonia, this large felid accumulated a high
proportion of vertebrae, ribs and autopodial elements
(mainly carpals) of O. aries in several lairs located in a
rockshelter and on its slope (Martin & Borrero 1997). In
central east Argentina, Lycalopex griseus scats contain
high levels of skulls, isolated teeth andvertebrae (G�omez
& Kaufmann 2007). Furthermore, a high number of
autopodials of large mammals were transported to a
rockshelter by the canid Lycalopex in northwestern
Argentina (Mondini 1995). In contrast, small felids,
mainly of the genus Leopardus, can accumulate a high
proportion of small mammal skulls and long bones
(Montalvo et al. 2012; L�opez et al. 2017; Montalvo &
Fern�andez 2019; Scheifler et al. 2020).

Taphonomic analysis of the NewWorld vulture pellet
samples presented here showed some similarities with
taphonomic results based on pellets of the bearded
vulture (Gypaetus barbatus) recovered from locations in
western Europe (Robert & Vigne 2002a, b; Mar�ın-
Arroyo et al. 2009; Mar�ın-Arroyo & Margalida 2012).
This Old World vulture generates accumulations that
include bones of small (leporids), medium (carnivores)
and largemammals (ungulates), with a higher numberof
phalanges than other elements; its digestive acids can
remove the superficial layers of bone, especially in the
articulations, exposing the spongy tissue. However, in
contrast to the New World vultures, G. barbatus
fractures the bones markedly before ingestion, dropping
them over rocky areas, leading to breakage patterns
similar to human marrow processing (Robert & Vigne
2002a, b; Mar�ın-Arroyo et al. 2009; Mar�ın-Arroyo &
Margalida 2012). The Egyptian vulture (Neophron
percnopterus), on the other hand, produces bone
assemblages with few elements that show digestive
corrosion (Sanchis Serra et al. 2013; Lloveras et al.
2014). This Old World vulture can transport uneaten
remains to its nest, frequently located in caves and
rockshelters, and causes perforations in the bones using
its beak. In addition, the bone assemblages generated by
N. percnopterus vary in anatomical representation
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Fig. 5. Histograms showing the proportions of digestive corrosion
categoriesofbones fromtheLateHolocene found inGrutadoPres�epio,
and the average of the three modern species of Cathartidae analysed
here. A. All mammal body sizes. B. Medium and large mammals. C.
Small mammals.
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according to prey size, and show greater taxonomic
diversity than assemblages accumulated by New World
vultures (Lloveras et al. 2014).

Ballejo et al. (2012) proposed two taphonomicmodels
for New World vultures as accumulators in the fossil
record: (i) open-air sites, containing most skeletal parts
(but no autopodials) of medium and large vertebrates,
showing non-penetrating scratches and scratches of
shallow penetration, notches, and some punctures in
skulls, mandibles, and scapulae; and (ii) rockshelter or
cave sites, containing pellets or their remains, with high
relative abundance of bones of medium vertebrates that
showstrongdigestivecorrosion,andautopodialsof large
mammals also with strong digestive corrosion. Consid-
eringbothscenarios,onbonesrecovered fromGPRthere
is no evidence of notching on the edges, punctures, or
scratches that could be associated with the action of
vultureswhen they scavengeon the carcasses at the site of
the animal’s death (Reeves 2009; Lloveras et al. 2014).
Therefore, the findings of autopodials (mainly phalan-
ges) of medium and large mammals and armadillo
osteodermswith a high degree of digestive corrosion but
no tooth marks can be related to a pellet deposit pattern
ofNewWorldvultures (Ballejo et al. 2012;Ballejo2016).

To summarize, theNewWorldvultures can contribute
to archaeological site formation in different ways: by
removing bone elements or fragments from the original
carcass and depositing them in distant areas, or
introducing elements from an external carcass into the
archaeological site (Fig. 7). All this could happen on the
same time scale, possibly introducing an equifinality
issue if the taphonomic features of these scavenger birds
are not correctly differentiated from those produced by

humans and scavengers. The bones contained in the
pellets of these scavenger birds can easily become mixed
in with faunal remains discarded from human food, as
recorded atGPR (Fig. 7, Table S2). This archaeological
palimpsest highlights the importance of taphonomic
study of all the remains recovered at a site, and
comparison with actualistic taphonomic models. In
addition, it is also important to bear in mind that
taphonomic identification of New World vultures as
accumulators in archaeological sites can prevent incor-
rect palaeoeconomic andpalaeoenvironmental interpre-
tation (Ballejo et al. 2012).

Palaeoecology of the NewWorld vultures at Gruta do
Pres�epio

Seven mammalian taxawere identified from the excava-
tion units N17L51, N18L51 and N17L58 of GPR,
including one Dasypodidae, one Felidae, one Tayassui-
dae and one Cervidae; four of these taxa came from
pellets deposited by New World vultures. New World
vultures can roost and nest in rockshelters and feed on
different types of vertebrates, mostly mammals of any
size. The dietary versatility of Cathartidae members
depends primarily on the availability of carrion, which is
why they currently feed primarily on cattle; however, in
areas where cattle are scarce, they expand their diet to
include native taxa similar to those found deposited in
GPR by these birds (e.g. Coleman & Fraser 1987; Kelly
et al. 2007; Lambertucci et al. 2009; Ballejo &De Santis
2013; Ballejo 2016). Only the medium and large
carnivorousmammals such as the felidsPanthera,Puma
and Leopardus, and the canids Lycalopex and Speothos

Fig. 6. Taphonomic comparison of Late Holocene endoskeletal elements from Gruta do Pres�epio and actualistic data of modern New Word
vulture, Puma concolor (Montalvo et al. 2007), Lycalopex griseus (G�omez & Kaufmann 2007) and Leopardus geoffroyi (Scheifler et al. 2020).
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can predate on large mammals such as tayasuids and
cervids (Redford & Eisenberg 1992; Wilson & Reeder
2005; Moreno et al. 2006). It is interesting to note that
Panthera, Puma and Lycalopex can transport prey or
bones to rockshelters or caves (e.g. Mondini 1995, 2017;
Borrero et al. 2018).

Regarding palaeoenvironmental/climatic reconstruc-
tions, palynological studies indicated a colder climate
than today in the Late Pleistocene in Santa Catarina,
which was corroborated by isotopic study of stalagmites
from the Botuver�a cave. During the Middle to Late
Holocene, forest establishment was associated with
increased moisture (Behling 1998; Behling & Negrelle
2001; Cruz et al. 2006; Oliveira et al. 2012; Behling &
Oliveira 2018; Val-Pe�on et al. 2019).Mammals recorded
in the GPR excavation units corroborated these data,
since Tapirus terrestris, Nasua nasua and Eira barbara
occur predominantly in forest, occasionally feeding in or
crossing open environments (e.g. agricultural fields,
grasslands). The other taxa recorded in GPR, such as
Dasypus, Cervidae and Felidae, also occur in open and
forested environments (C�aceres et al. 2007). It is possible
that the absence ofN. nasua, T. terrestris and Tayassui-
dae in theLateHolocene is related to apreservation issue
in these excavationunits, since these specieswere found in
the internal part of the rockshelter (excavation area 1)
and currently inhabit the study area, as does E. barbara
(Dragoo 2009; Keys 2009).

Conclusions

A pellet deposit pattern of New World vultures (Cath-
artidae) could be recognized in the sum of taphonomic

attributes observed in the faunal assemblages recovered
from the Holocene period of the GPR excavation units
N17L51, N18L51 and N17L58: the findings of autopo-
dials (mostly phalanges), hyoids of medium and large
mammals, and armadillo osteodermswith a high degree
of digestive corrosion (mainly with porosities, perfora-
tion, rounding of edges and missing parts) but no tooth
marks. In fact, this is the first fossil record of a bone
assemblage accumulated by these scavenger birds.
This conclusion was arrived at through comparison
with actualistic taphonomy information derived from
pellet samples belonging to three members of the
family Cathartidae currently inhabiting northwestern
Patagonia: Coragyps atratus, Catarthes aura and Vultur
gryphus.

The New World vultures can roost and nest in
rockshelters and feed on different types of vertebrates.
Sevenmammal taxa associatedwith forest environments
were identified from units N17L51, N18L51 and
N17L58 of GPR, including some native taxa (Cervidae,
Dasypodidae, Felidae and Tayassuidae) frequently
consumed today by these scavenger birdswhen livestock
are scarce. Four of these taxa were found in pellets
deposited by Cathartidae.

The bone and tooth remains contained in pellets
regurgitated by these scavenger birds were found
together with faunal remains discarded by humans that
inhabited GPR from the Early to the Late Holocene.
Palimpsests are a common feature in archaeological and
palaeontological deposits and always require detailed
taphonomic analysis, which is fundamental for palaeoe-
conomic and palaeoecological interpretation.
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manuscript.

References

Alvarenga, H. M. F. 1998: Sobre a ocorrência do condor (Vultur
gryphus) no Holoceno da regi~ao de Lagoa Santa, Minas Gerais,
Brasil.Ararajuba 6, 60–63.

Andrews, P. 1990:Owls, Caves and Fossils. Predation, Preservation, and
Accumulation of Small Mammal Bones in Caves, with an Analysis of
the Pleistocene Cave Faunas from Westbury-Sub-Mendip, Somerset,
UK. 231 pp. University of Chicago Press, Chicago.

Bailey, G.N. 2007: Time perspectives, palimpsests and the archaeology
of time. Journal of Anthropological Archaeology 26, 198–223.

Ballejo, F. 2016: Ecolog�ıa tr�ofica y tafonom�ıa del jote cabeza negra,
Coragyps atratus (Cathartidae) y su comparaci�on con otros
Cathartidae del noroeste de la Patagonia. Ph.D. thesis, Universidad
Nacional de La Plata, 175 pp.

Ballejo, F. & De Santis, L. J. M. 2013: Dieta estacional del jote cabeza
negra (Coragyps atratus) enun �area rural y una urbana en el noroeste
patag�onico. El Hornero 28, 7–14.

Ballejo, F., Fern�andez, F. J. & De Santis, L. J. M. 2012: Tafonom�ıa de
restos �oseos provenientes de egagr�opilas de Coragyps atratus (Jote
cabeza negra) en el noroeste de la Patagonia Argentina. Revista del
Museo de Antropolog�ıa 5, 213–222.

Fig. 7. Schematic model of New World vultures intervening in the
zooarchaeological context by removing bone elements or fragments
from a dead animal at an external site and depositing them in an
archaeological site; the elements then become mixed in with faunal
remains discarded from human food.

12 Fernando Ballejo et al. BOREAS



Ballejo, F., Lambertucci, S. A., Trejo, A. & De Santis, L. J. M. 2017:
Trophic niche overlap between scavengers from Patagonia: more
support for the condor-vulture competition hypothesis. Birds
Conservation International 28, 390–402.

Behling,H. 1998:LateQuaternaryvegetational andclimatic changes in
Brazil.Review of Palaeobotany and Palynology 99, 143–156.

Behling, H. & Negrelle, R. R. 2001: Tropical rain forest and climate
dynamics of the Atlantic lowland, Southern Brazil, during the Late
Quaternary.Quaternary Research 56, 383–389.

Behling, H. & Oliveira, M. A. T. 2018: Evidence of a late glacial
warming event andEarlyHolocene cooling in the southernBrazilian
coastal highlands.Quaternary Research 89, 90–102.

Bellati, J. & von Thungen, J. 1990: Lamb predation in Patagonian
ranches. Proceedings of the 14th Vertebrate Pest Conference 6, 263–
268.

Binford, L. R. 1981: Bones. Ancient Men and Modern Myths. 320 pp.
Academic Press, New York.

Borrero, L. A. 2014: Multi-service taphonomy. Shells, garbage, and
floating palimpsests. Intersecciones en Antropolog�ıa 1, 13–20.

Borrero,L.A.,Martin,F.M.&Prevosti, F. J. 2018:Taphonomyand the
role of pumas (Pumaconcolor) in the formationof the archaeological
record.Quaternary International 466, 157–164.

Borrero, L. A., Martin, F. M. & Vargas, J. 2005: Tafonom�ıa de la
interacci�onentre pumas yguanacos en el ParqueNacionalTorres del
Paine, Chile.Magallania 33, 95–114.

C�aceres, N. C., Cherem, J. J. & Graipel, M. E. 2007: Distribuic�~ao
geogr�aficademam�ıferos terrestresnaRegi~aoSuldoBrasil.Ciência&
Ambiente 35, 167–180.

Coleman, J. & Fraser, J. 1987: Food habits of black and turkey vultures
in Pennsylvania andMaryland. Journal of Wildlife Management 51,
733–739.

Costamagno, S., Robert, I., Laroulandie, V.,Mourre, V.&Thi�ebaut,C.
2008: Rôle du gypa�ete barbu (Gypaetus barbatus) dans la constitu-
tion de l’assemblage osseux de la grotte du Noisetier (Fr�echet-Aure,
Hautes-Pyr�en�ees, France). Annales de Pal�eontologie 94, 245–265.

Cruz, F. W. Jr, Burns, S. J., Karmann, I., Sharp, W. D., Vuille, M. &
Ferrari, J. A. 2006: A stalagmite record of changes in atmospheric
circulation and soil processes in the Brazilian subtropics during the
Late Pleistocene.Quaternary Science Reviews 25, 2749–2761.

Dabbs, G. R. & Martin, D. C. 2013: Geographic variation in the
taphonomic effect of vulture scavenging: the case for Southern
Illinois. Journal of Forensic Science 58, 20–25.

Davis, S.,Robert, I.&Zilh~ao, J. 2007:Caldeir~aocave (CentralPortugal)
-whose home?Hyaena,man, beardedvulture.Courier Forschungsin-
stitut Senckenberg 259, 213–226.

DelHoyo, J., Elliott,A.&Sargatal, J. 1994:Handbookof theBirds of the
World. Vol II. New World Vultures to Guineafowl. 638 pp. Lynx
Editions, Barcelona.

DeVault, T. L., Rhodes, O. E. & Shivik, J. A. 2003: Scavenging by
vertebrates: behavioral, ecological, and evolutionaryperspectives on
an important energy transfer pathway in terrestrial ecosystems.
Oikos 102, 225–234.

Dragoo, J. W. 2009: Family Mustelidae (skunks). In Wilson, D. E. &
Mittermeier, R. A. (eds.): Handbook of the Mammals of the World.
Vol. 1. Carnivores, 532–563. Lynx Editions, Barcelona.

Fern�andez, F. J.,Hadler, P., Cherem, J., Saldanha, J., Stutz,N.,Dias,A.
& Pardi~nas, U. F. J. 2019: Holocene small mammals hunted by owls
and humans in southernBrazil: taphonomic evidence and biological
significance. Boreas 48, 953–965.

Fern�andez, F. J., Montalvo, C. I., Fern�andez-Jalvo, Y., Andrews, P. &
L�opez, J. M. 2017: A re-evaluation of the taphonomic methodology
for the study of small mammal fossil assemblages of SouthAmerica.
Quaternary Science Reviews 155, 37–49.

Giacosa, R. E., Alfonso, J. C., Heredia, N. & Paredes, J. 2005: Tertiary
tectonics of the sub-Andean region of the North Patagonian Andes,
southern central Andes of Argentina. Journal of South American
Earth Sciences 20, 157–170.

G�omez, G. N. & Kaufmann, C. A. 2007: Taphonomic analysis of
Pseudalopex griseus (Gray, 1837) Scat assemblages and their
archaeological implications. Journal of Taphonomy 5, 59–70.

Grayson, D. K. 1984: Quantitative Zooarchaeology: Topics in the
Analysis ofArchaeological Faunas. 202 pp.AcademicPress,Orlando.

IBGE 1978: Mapa de clima do Brasil. Available at: https://www.ibge.
gov.br/geociencias/informacoes-ambientais/climatologia/15817-
clima.html?=&t=downloads (accessed 14.06.2021).

IBGE 2019: Mapa de biomas e sistema costeiro-marinho do Brasil,
Available at: http://geoftp.ibge.gov.br/informacoes_ambientais/
estudos_ambientais/biomas/mapas/biomas_e_sistema_costeiro_
marinho_250mil.pdf (accessed 14.06.2021).

Kelly,N.E., Sparks,D.W.,DeVault,T.L.&Rhodes,O.E.2007:Dietof
blackand turkey vultures in a forested landscape.TheWilsonJournal
of Ornithology 119, 267–270.

Keys, R. 2009: Family Procyonidae (racoons). In Wilson, D. E. &
Mittermeier, R. A. (eds.): Handbook of the Mammals of the World.
Vol. 1. Carnivores, 504–531. Lynx Editions, Barcelona.

Klein, R. M. 1978: Mapa fitogeogr�afico do estado de Santa Catarina.
Herb�ario "Barbosa Rodrigues", 24 pp.

Kooyman, B., Hills, L. V., McNeil, L. V. & Tolman, S. 2006: Late
Pleistocene horse hunting at the Wally’s Beach site (DhPg-8),
Canada. American Antiquity 71, 101–121.

Lambertucci, S. A. 2007: Biolog�ıa y conservaci�on del C�ondor Andino
(Vultur gryphus) en Argentina.Hornero 22, 149–158.

Lambertucci, S. A., Trejo, A., Di Martino, S., S�anchez-Zapata, J. A.,
Don�azar, J. A. & Hiraldo, F. 2009: Spatial and temporal patterns in
thedietof theAndeancondor:ecological replacementofnative fauna
by exotic species. Animal Conservation 12, 338–345.

Le�on,R. J., Bran,D., Collantes,M., Paruelo, J.M.& Soriano, A. 1998:
Grandes unidades de vegetaci�on de la Patagonia extra andina.
Ecolog�ıa Austral 8, 125–144.

Lloveras, L.,Moreno-Garcia,M.&Nadal, J. 2008: Taphonomic study
of leporid remains accumulated by the Spanish Imperial Eagle
(Aquila adalberti).Geobios 41, 91–100.

Lloveras, L., Nadal, J., Moreno-Garc�ıa, M., Thomas, R., Anglada, J.,
Baucells, J.,Martorell, J. &Vilas�ıs, D. 2014: The role of the Egyptian
Vulture (Neophron percnopterus) as a bone accumulator in cliff rock
shelters: an analysis of modern bone nest assemblages from North-
eastern Iberia. Journal of Archaeological Science 44, 76–90.

L�opez, J. M., Tabeni, S., Bender, J. B. & Chiavazza, H. D. 2017:
Taphonomic analysis of small mammals bone remains preyed upon
by wildcats (Carnivora: Felidade) from the central Monte Desert
(Mendoza, Argentina). Boreas 46, 282–293.

Lyman, R. L. 1994: Vertebrate Taphonomy. 524 pp. Cambridge
University Press, Cambridge.

Lyman, R. L. 2008: Quantitative Paleozoology. 348 pp. Cambridge
University Press, Cambridge.

Lyman, R. L. 2010: What taphonomy is, what it isn’t, and why
taphonomistsshouldcareabout thedifference.JournalofTaphonomy
8, 1–16.

Machado, J. S., Bueno, L., Peroni, N. & Hadler, P. 2019: Territor-
ialidades Amer�ındias no Alto Vale do Itaja�ı. Um olhar a partir da
Arqueologia, da Ecologia e da Paleontologia.Relat�orio de pesquisa.
Unpublished.

Mar�ın-Arroyo, A. B., Fosse, P. & Vigne, J. D. 2009: Probable evidences
of bone accumulation by Pleistocene bearded vulture at the
archaeological site of ElMir�on Cave (Spain). Journal of Archaeolog-
ical Science 36, 284–296.

Mar�ın-Arroyo, A. B. & Margalida, A. 2012: Distinguishing bearded
vulture activities within archaeological contexts: identification
guidelines. International Journal of Osteoarchaeology 22, 563–576.

Martin,F.M.&Borrero,L.A.1997:Apumalair insouthernPatagonia:
implications for the archaeological record.CurrentAnthropology 38,
453–461.

Merritt, S. R. 2017: Investigating hominin carnivory in the Okote
Member of Koobi Fora, Kenyawith an actualistic model of carcass
consumption and traces of butcheryon the elbow. Journal of Human
Evolution 112, 105–133.

Mondini, M. N. 1995: Artiodactyl prey transport by foxes in Puna
rockshelters. Current Anthropology 36, 520–524.

Mondini, M. N. 2017: Carnivore taphonomy in South America: a
review of actualistic studies and their implications in the southern
Neotropics.Historical Biology 30, 774–785.

Mondini, M. & Mu~noz, A. S. 2008: Pumas as taphonomic agents: a
comparative analysis of actualistic studies in the Neotropics.
Quaternary International 180, 52–62.

BOREAS The first fossil record of a bone assemblage accumulated by NewWorld vultures, S Brazil 13

https://www.ibge.gov.br/geociencias/informacoes-ambientais/climatologia/15817-clima.html?=&t=downloads
https://www.ibge.gov.br/geociencias/informacoes-ambientais/climatologia/15817-clima.html?=&t=downloads
https://www.ibge.gov.br/geociencias/informacoes-ambientais/climatologia/15817-clima.html?=&t=downloads
http://geoftp.ibge.gov.br/informacoes_ambientais/estudos_ambientais/biomas/mapas/biomas_e_sistema_costeiro_marinho_250mil.pdf
http://geoftp.ibge.gov.br/informacoes_ambientais/estudos_ambientais/biomas/mapas/biomas_e_sistema_costeiro_marinho_250mil.pdf
http://geoftp.ibge.gov.br/informacoes_ambientais/estudos_ambientais/biomas/mapas/biomas_e_sistema_costeiro_marinho_250mil.pdf


Montalvo, C. I., Bisceglia, S., Kin, M. S. & Sosa, R. A. 2012:
Taphonomic analysis of rodent bone accumulations produced by
Geoffroy’s cat (Leopardus geoffroyi, Carnivora, Felidae) in
Central Argentina. Journal of Archaeological Science 39, 1933–
1941.

Montalvo, C. I. & Fern�andez, F. J. 2019: Review of the actualistic
taphonomy of small mammals ingested by South American
predators. Its importance in the interpretation of the fossil record.
Publicaci�onElectr�onicade laAsociaci�onPaleontol�ogicaArgentina19,
18–46.

Montalvo,C. I.,Pessino,M.E.M.&Bagatto,F.C.2008:Taphonomyof
the bones of rodents consumed by Andean hog-nosed skunks
(Conepatus chinga, Carnivora, Mephitidae) in central Argentina.
Journal of Archaeological Science 35, 1481–1488.

Montalvo, C. I., Pessino, M. E. M. & Gonz�alez, V. 2007: Taphonomic
analysis of remains of mammals eaten by pumas (Puma concolor,
Carnivora, Felidae) in central Argentina. Journal of Archaeological
Science 34, 2151–2160.

Moreno, R. S., Kays, R. W. & Samudio, R. 2006: Competitive release
in diets of ocelot (Leopardus pardalis) and puma (Puma concolor)
after jaguar (Panthera onca) decline. Journal of Mammalogy 87,
808–816.

Mu~noz,A.S.,Mondini,M.,Dur�an,V.&Gasco,A.2008:Pumas (Puma
concolor) as taphonomic agents. Actualistic analysis of a kill site in
the Andes of Mendoza, Argentina.Geobios 41, 123–131.

Oliveira, M. A. T., Porsani, J. L., de Lima, G. L., Jeske-Pieruschka,
V. & Behling, H. 2012: Upper Pleistocene to Holocene peatland
evolution in Southern Brazilian highlands as depicted by radar
stratigraphy, sedimentology and palynology. Quaternary Research
77, 397–407.

Politis, G. G., Prates, L., Merino, M. L. & Tognelli, M. F. 2011:
Distribution parameters of guanaco (Lama guanicoe), pampas deer
(Ozotoceros bezoarticus) andmarsh deer (Blastocerus dichotomus) in
CentralArgentina: archaeological and paleoenvironmental implica-
tions. Journal of Archaeological Science 38, 1405–1416.

Redford,K.H.&Eisenberg, J.F. 1992:Mammalsof theNeotropics,Vol.
2. The Southern Cone: Chile, Argentina, Uruguay, Paraguay. 460 pp.
University of Chicago Press, Chicago.

Reeves,N.M.2009:Taphonomic effectsof vultures scavenging.Journal
of Forensic Science 54, 523–528.

Robert, I. & Reumer, J. W. F. 2009: Taphonomic reinterpretation of a
bone sample of endemic Pleistocene deer from Crete (Greece):
osteoporosis versus regurgitation. Paleodiversity 2, 379–385.

Robert, I. & Vigne, J. D. 2002a: The bearded vulture (Gypaetus
barbatus) as an accumulator of archaeological bones. Late glacial
assemblages and present-day reference data in Corsica (Western
Mediterranean).Acta Zoologica Cracoviensia 45, 319–329.

Robert, I. & Vigne, J. D. 2002b: Bearded vulture Gypaetus barbatus
contributions to the constitution of two different bone assemblages:
modern reference data and an archaeological example in Corsica.
Journal of Archaeological Science 29, 763–777.

Sanchis Serra,A.,RealMargalef, C.,Morales P�erez, J. V., P�erezRipoll,
M., Tormo Cu~nat, C., Carri�on Marco, Y., P�erez Jord�a, G., Ribera
G�omez, A., Bolufer Marqu�es, J. & Villaverde Bonilla, V. 2013:
Towards the identificationof a new taphonomic agent: an analysis of
bone accumulations obtained from modern Egyptian vulture
(Neophron percnopterus) nests. Quaternary International 330, 136–
149.

Scheifler, N. A., �Alvarez, M. C., Rafuse, D. J., Kaufmann, C. A.,
Massigoge, A., Gonz�alez, M. E. & Guti�errez, M. A. 2020:
Taphonomic signature of Geoffroy’s cat (Leopardus geoffroyi) on
small sized preys: a comparative study of ingested and non-ingested
leporidbones.Journal ofArchaeological Science:Reports 31, 102340,
https://doi.org/10.1016/j.jasrep.2020.102340.

Smith,F., Lyons, S.K.M.,Ernest, S.K., Jones,K.E.,Kaufman,D.M.,
Dayan, T., Marquet, P. A., Brown, J. H. & Haskel, J. P. 2003: Body
mass of lateQuaternarymammals.Ecology 84, 3403, https://doi.org/
10.1890/02-9003.

Spradley, M. K., Hamilton, M. D. & Giordano, A. 2012: Spatial
patterning of vulture scavenged human remains. Forensic Science
International 219, 57–63.

Tonni, E., Cione, A. & Figini, A. 1999: Predominance of arid climates
indicated by mammals in the pampas of Argentina during the late
Pleistocene and Holocene. Palaeogeography, Palaeoclimatology,
Palaeoecology 147, 257–281.

Val-Pe�on, C., Cancelli, R., Santos, L. & Soares, A. L. 2019: Prehistoric
occupation and palaeoenvironmental changes along Santa Catar-
ina’s Coastal Plain, Brazil: an integrated approach based on
palynological data. Journal of Archaeological Science: Reports 23,
983–992.

Vibrans, A.C., Sevegnani, L. &Gasper, A. L.& deLingner,D. V. (eds.)
2012: Invent�ario Flor�ıstico Florestal de Santa Catarina, Vol. I,
Diversidade e conservac�~ao dos remanescentes florestais. 354 pp.
Blumenau, Edifurb.

Wallace, M. P. & Temple, S. A. 1987: Competitive interactions within
andbetween species in aguild of avian scavengers.TheAuk 104, 290–
295.

Wilson, D. & Reeder, D. 2005:Mammal Species of theWorld. 2142 pp.
Johns Hopkins University Press, Baltimore.

Supporting Information

Additional Supporting Informationmay be found in the
online version of this article at http://www.boreas.dk.

Table S1. Taxa found in New World vulture pellet
samples from northwestern Patagonia: number of
identified specimens per taxon –NISP– (minimum
number of individuals –MNI–). 1. Chacabuco I,
Neuqu�en province (40°35041.4500S, 70°58016.8100W);
2. Chacabuco II, Neuqu�en province (40°37049.9900S,
70°59017.3000W); 3. Chaque~nita, R�ıo Negro province
(40°52049.0400S, 70°39035.0500W);4.Choc�on,Neuqu�en
province (39°15038.1200S, 68°46042.5500W); 5. Condor-
erita, R�ıo Negro province (40°50027.9900S,
71°2012.0600W); 6. Dina Huapi, R�ıo Negro province
(41°04047.1500S, 71°09027.8400W); 7. El Condor I, R�ıo
Negro province (41°11057.8400S, 71°03045.1500W); 8. El
Condor II, R�ıo Negro province (41°09016.9300S,
71°04033.7600W); 9. Fragua Grande, R�ıo Negro prov-
ince (41°02036.0500S,71°00046.9300W);10. IslaVictoria,
Neuqu�en province (40°58042.1500S, 71°31008.7500W);
11. Jones, Neuqu�en province (40°59016.7300S,
71°15047.0700W); 12. La Buitrera, R�ıo Negro province
(41°17035.0700S, 71°08045.0600W); 13. Las Estacas,
Neuqu�en province (40°49053.2800S, 71°34004.1600W);
14. Los Coihues, R�ıo Negro province (41°09010.2800S,
71°24011.8700W); 15. Pipilcura, R�ıo Negro province
(40°56048.8000S, 70°51046.1300W).

Table S2. Taphonomic modification of bones from
Gruta do Pres�epio for each temporal unit. C =
complete; F = fracture; TA = thermoalteration; CM=
cut marks; NF = negative flake scars; DC = digestive
corrosion; E = extreme with hole; H = heavy; M =
moderate; L = light.
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