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Inspired by the early fieldwork of G. Haynes with large sized predators in wilderness areas, the following
paper presents data on bone damage patterns in a sample of guanacos killed by one of the largest
predators in South America, the puma (Puma concolor, Felidae, Carnivora). We describe the bone
modification pattern on the carcasses, including skeletal part representation, bone fractures, and tooth
marks. Also, tooth mark modifications on bones collected from a puma enclosure at a local zoo were
analyzed. Our results indicate a light modification of guanaco carcass by puma; bone damages located
mainly in the upper portions of rear and forelimbs, rib cage, and scapular and pelvic girdles; and the
presence of a low percentage of fractured bones. Scores, pits, and punctures are the best represented
tooth marks. On average, punctures are 3.5e5 mm in diameter, although larger tooth impressions are
observed. The light consumption of guanaco by the puma would provide a potential source for scav-
enging by other carnivores and humans.

© 2016 Elsevier Ltd and INQUA. All rights reserved.
1. Introduction

The identification of bone modification patterns created by
different carnivores has become one of the major research interests
within actualistic taphonomy in the last three decades. The results
of this line of investigation help to recognize the important role of
carnivores in archaeological site formation, and to understand
humanecarnivore interactions through time. Carnivores accumu-
late, transport, and destroy bones in a patterned way that we need
to identify in order to distinguish their action from human behav-
iors. Most scientific production concerning this subject deals with
large African carnivorous mammals (e.g., Sutcliffe, 1970;
Blumenschine, 1986; Brain, 1981; Haynes, 1983; Marean and
Spencer, 1991; Domınguez-Rodrigo, 1999; de Ruiter and Berger,
2000; Selvaggio and Wilder, 2001; Domínguez-Rodrigo et al.,
2010); although in recent years, the list of carnivores studied has
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greatly expanded, including carnivores of different taxonomic
groups, sizes, and geographic regions (Andr�es et al., 2012; e.g.,
Jackson and Jackson, 1999; Elkin and Mondini, 2001; Njau and
Blumenschine, 2006; Montalvo et al., 2007; Pobiner et al., 2007;
Delaney-Rivera et al., 2009; Yravedra et al., 2011; Westaway et al.,
2011; Lloveras et al., 2012; Burke, 2013; Saladi�e et al., 2013; Rafuse
et al., 2014; Sala et al., 2014; Cohen and Kibii, 2015; Young et al.,
2015).

The research program conducted by Gary Haynes in North
America over the last three decades investigates the bone modifi-
cation patterns generated by different large carnivorous mammals,
particularly wolves and bears (Haynes, 1980a,1981,1982,1983; Sala
et al., 2014). His broad vision of taphonomy has led him not only to
discuss the role of carnivores in the formation of faunal assem-
blages and the equifinality between carnivore and human bone
modifications (e.g., spiral fractures, tooth marks, etc.), but also to
explore the potential information offered by carnivore damage for
paleoecological inferences. The work of G. Haynes has been a major
source of inspiration for the development of taphonomic research
programs in the southern cone of South America (Mondini, 1995,
2003; Borrero and Martin, 1996; Martin and Borrero, 1997; Elkin
and Mondini, 2001; Borrero et al., 2005; Montalvo et al., 2007;
�Alvarez et al., 2012; Massigoge et al., 2014; Rafuse et al., 2014).
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In South America, the puma has received special attention, as
one of the largest extant predators in the continent, and one of the
few predators that overlapped in space and prey choice (e.g., gua-
naco, Patagonian hare, Greater rhea) with hunteregatherer pop-
ulations at the end of the Pleistocene and the Holocene (Martínez
and Guti�errez, 2004; Salemme and Miotti, 2008; Borrero, 2013).
In southern Patagonia, Borrero and Martin (1996), Borrero et al.
(2005) and Martin and Borrero (1997) characterized guanaco and
sheep bone assemblages generated by the action of puma for
assessing human and carnivore paleoecology, as well as the nature
of the association between faunal remains and archaeological
materials. Other naturalistic studies on the action of puma in South
America were performed by Nasti (2000), Montalvo et al. (2007),
and Mu~noz et al. (2008). Finally, in North America, Stiner et al.
(2012) examined the taphonomic signature of modern free-
ranging mountain lion, and Burke (2013) and Delaney-Rivera
et al. (2009) performed two feeding experiments with several
carnivores, including puma.

The aim of this paper is to provide new data on the bone
modification pattern in amodern osteological collection of guanaco
(Lama guanicoe, Camelidae, Artiodactyla) killed by puma (Puma
concolor, Felidae, Carnivora). The guanaco was one of the main
preys for hunteregatherer populations in southern South America,
during the end of the Pleistocene and the Holocene (Politis, 2002).
Remains of this species are commonly found in archaeological sites
throughout the Patagonian steppes and Pampean grasslands
(Guti�errez and Martínez, 2008; Salemme and Miotti, 2008). We
also studied surface modifications on bones gathered from a puma
enclosure at a local zoo in order to compare and discuss patterns of
bone damage inflicted by wild and captive pumas.

2. General characteristics of puma and guanaco

The puma (Puma concolor Linnaeus, 1771) (also called mountain
lion or cougar) has the largest geographic range of any terrestrial
mammal in the Western Hemisphere (Culver et al., 2000; Sunquist
and Sunquist, 2002). The weight of the puma varies considerably
depending on the latitude and habitat (Iriarte et al., 1990). Adult
males range from as small as 28 kg in tropical settings, to as large as
120 kg in parts of Canada and southern South America (Iriarte et al.,
1990; Sunquist and Sunquist, 2002). Pumas are primarily nocturnal
opportunistic and generalist predators (Nowell and Jackson, 1996).
Pumas kill and eat prey ranging in size from mice to moose
(Sunquist and Sunquist, 2002).

In South America, pumas and jaguars are the largest terrestrial
predators and kill large prey including guanacos (primarily young,
yearling, and female guanacos), hares, Pampas deer, Marsh deer
and rheas (Iriarte et al., 1990; Rau et al., 1995). With declines in
some extant mammal populations, pumas now rely on livestock for
large game hunting (Novaro and Walker, 2005). Pumas normally
launch themselves at the prey, knocking the animal down, and
finally killing them by suffocation and biting their throat. They
usually leave claw marks on the shoulders and back of their prey,
and are capable of dragging and carrying animals for considerable
distances, and sometimes up into trees (Sunquist and Sunquist,
2002). They start eating their prey through the ventral part,
reaching the ribs and the muscles of the rear limbs (Pitman et al.,
2002; Palmeira et al., 2008). Pumas are also known to cover the
remains with leaves, grass, sand, or whatever is available and later
to return to the carcass (Sunquist and Sunquist, 2002).

The guanaco (Lama guanicoe Müller, 1776) is the largest of the
wild South American artiodactyls. This species is broadly distrib-
uted with an extensive, though discontinuous range from the north
of Peru to Navarino Island in southern Chile. For adult individuals,
weight averages between 88 and 120 kg, and sexual dimorphism is
Please cite this article in press as: Kaufmann, C.A., et al., Carcass utilizat
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not significant (Raedeke, 1979; Larrieu et al., 1982). Newly-born
young weigh from 8 to 12 kg (Raedeke, 1979; de Lamo and Saba,
1993). Guanacos are characterized by a highly social organization
based on a polygamous mating system (Franklin, 1983; Bank et al.,
2003). Pumas are the main predator of guanaco; and recent studies
have reported occasional attacks on young guanacos by culpeo
(Lycalopex culpaeus) (Novaro et al., 2009).

3. Materials and methods

3.1. Wild puma sample

The wild puma sample consists of 6 guanaco carcasses from a
modern osteological collection of 158 individuals, which were
collected during the years 2000 to 2006 as part of an actualistic
research study in the province of Río Negro, Argentina (Kaufmann,
2009). These six guanacos, killed by puma, were recovered over an
extensive area of dry open landscape with small trees, shrubs and
bushes (Fig. 1). There is no information on the guanaco and puma
population densities in this area. The killing of the guanacos by
pumas was inferred from contextual information gathered in the
field, including: large bite marks on the throat, claw marks on the
shoulders and backs, and large tooth marks on fractured bones;
typical evidence left by a puma attack on large prey (Franklin et al.,
1999; Logan and Sweanor, 2001; Nallar et al., 2008; Palmeira et al.,
2008). The date of the puma kills is unknown; however, all car-
casses contained soft tissue, meaning they were attacked in a time
frame of no more than few months before their collection. Other
indicators of puma predation were the covering of guanaco car-
casses with plant debris and their position near small shrubs
(Franklin et al., 1999; Logan and Sweanor, 2001; Nallar et al., 2008;
Palmeira et al., 2008). No puma feces were found around or near
the guanaco carcasses, however, feces of smaller sized carnivores
were identified in the field, suggesting the presence of scavengers
after the puma abandoned the carcass.

Skeletons were cleaned in the laboratory using different tech-
niques such as boiling in water (for less than 4 h), maceration or by
dermestid action. Sex determinationwas completed by observation
of external genitals during carcass recovery. If there was soft tissue
decay or scavenging of the genitals, sex was determined in the
laboratory by pelvis and canine shape differentiation (Raedeke,
1979; Cartajena, 2007; Kaufmann et al., 2013). Age determination
was established using dental development and wear (Oporto et al.,
1979; Kaufmann, 2009).

3.2. Captive puma sample

The captive puma sample was modified by two adult males
(older than 5 years) kept in an enclosure at the zoo “Bioparque
Municipal La M�axima” (Olavarría, Argentina). The bones corre-
spond to parts of different sized animals. This sample is not the
result of a controlled experiment but derived from the regular diet
of the pumas accumulated during several months. In general, small
vertebrates were offered to the puma as complete carcasses, and
larger vertebrates were offered in anatomical segments (in all cases
the carcasses were fully fleshed). The bones were gathered in a
single recovery event and were cleaned in the laboratory by boiling
inwater. Bones were identified as mature or immature according to
bone fusion. In the captive sample we focused on tooth mark di-
mensions for characterizing the bone modification pattern pro-
duced by the puma. We assume, as other authors do (Gidna et al.,
2013), that this variable would not be affected by environmental
conditions (i.e., captivity). The most valuable aspect of this sample
is that we can assure that the pumas were the only carnivores
involved in bone modification.
ion and bone modifications on guanaco killed by puma in northern
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Fig. 1. Actualistic research study area. Left: geographical location of the study area. Upper right: satellite image of the area and location of guanaco individuals. Lower right: Guanaco
individual #137 shown next to a European hare.
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3.3. Bone damage

For comparative purpose, the total sample was divided accord-
ing to weight and age of the different taxa. We considered two
sizes: 1) small vertebrates [category Ia (2e9 kg) (sensu Bunn,
1986),] to specimens of Lepus europaeus and Gallus gallus; and 2)
large vertebrates [category Ib-II (9e113 kg)] to specimens of Lama
guanicoe, Lama glama, Ovis aries, Sus scrofa, and Artiodactyla order.

Quantification of the wild and captive puma samples was per-
formed, including NISP (number of identified specimens), MNI
(minimum number of individuals), MNE (minimum number of
skeletal elements) and MAU (minimum number of anatomical
units) (Binford, 1978; Grayson, 1984; Klein and Cruz-Uribe, 1984;
Lyman, 1994).

Tooth marks on bone surfaces were classified into pits, punc-
tures, furrowing, scores, and crenulated edges (Haynes, 1980a,
1980b, 1983; Binford, 1981; Lyman, 1994). According to previous
studies, punctures are among the most typical bone modification
produced by puma (Borrero and Martin, 1996; Nasti, 2000; Mu~noz
et al., 2008). For this reason, we focused on the location and size of
thesemarks. Following Delaney-Rivera et al. (2009), measurements
were taken using digital photographs and open source software for
image analysis. Punctures were photographed using a Dino-Lite
digital microscope (AnMo Electronics Corporation), and measured
using ImageJ software (Rasband, 2014). The maximum length of
individual punctures was calculated based on a best fit ellipse for
the outlined mark generated by the software. Only tooth marks
with sharp outlines and those located along the edges of intact or
broken bone which presented >1/3 of the estimated original cir-
cumferences were measured.

The tooth mark sample was stratified on different bone portions
according to the distribution of cancellous and cortical bone (e.g.,
Andrews and Fernandez Jalvo, 1997; Selvaggio and Wilder, 2001;
Domínguez-Rodrigo and Piqueras, 2003; Saladi�e et al., 2013). For
Please cite this article in press as: Kaufmann, C.A., et al., Carcass utilizat
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long bones (femur, tibia, humerus, radius, ulna, and metapodial),
three bone portions were considered: cancellous bone (from
epiphyseal sections), thinning cortical bone (from metadiaphyseal
sections) and dense cortical bone (from diaphyseal sections). For
flat bones (skull, mandible, scapula, ribs, and pelvis), and irregular
bones (vertebrae, and sternebrae), two bone portions were taken
into account: cancellous bone and thinning cortical bone. To avoid
variability in tooth mark size related to differences in dental
morphology, we only considered circular to oval punctures
resembling the shape of canines in the metric analysis. In order to
discuss guanaco utilization by puma, the long bones were exam-
ined following the method described by Haynes (1981, 1982) and
modified by Sala et al. (2014:128) that include five stages of con-
sumption, from low to heavy modification.
4. Results

4.1. Wild puma sample

4.1.1. Individual # FCS.CC.13 (collected: April 23, 2000)
Category 1b, 9e23 kg (sensu Bunn, 1986). This individual was

foundnear a shrub,where itwas possibly hiddenbyapumaafter the
attack. Atfivemeters from this shrub, guanacofiberswere recorded,
which could indicate the kill site. Bones were scattered in a range of
20 m, but three main accumulations were identified. The first
accumulation was composed of parts of the vertebral column and
three limbs joined by the skin. The second accumulation contained
the forelimb, and the third accumulationwas composed of the skull
and some cervical vertebrae (Fig. 2). The mandible and a cervical
vertebra were found isolated near the shrub. We also recorded the
presence of feces that were assigned to Pampean fox (Lycalopex
gymnocercus). This small canid could have scattered, modified, and
transported some of the bones away from the kill site. Considering
the development and tooth wear, the age of this individual was
ion and bone modifications on guanaco killed by puma in northern
0.1016/j.quaint.2016.03.003



Fig. 2. Skeletal distribution map of guanaco individual #13.

C.A. Kaufmann et al. / Quaternary International xxx (2016) 1e134
estimated at three to six months old. The sex could not be deter-
mined. The relative timeofdeathwouldhavebeen short considering
that there was skin and flesh in the lower limbs, and all the speci-
menswere un-weathered. Most of the bone elements were present.
Nevertheless, several ribs, some vertebrae, and the sacrum were
absent; some tarsals and carpals were also missing (Table 1).
Table 1
Anatomical representation and carnivore marks proportions in the wild puma sample.

Anatomical unit Individual

#13 #137 #58 #66

NISP NISP NISP NISP

Cranium 1 e 1 e

Mandible 1 e 1 e

Atlas 1 1 e e

Axis 1 e e 1
Cervical vertebrae 3 2 4 5
Thoracic vertebrae 3 e e 8
Lumbar vertebrae 4 4 3 7
Caudal vertebrae 9 e e e

Sacrum e 1 e 1
Rib 9 2 e 16
Sternebra 5 e e e

Scapula 2 2 2 1
Humerus 2 1 2 1
Radio-Ulna 2 1 2 1
Metacarpal 2 2 e 1
Innominate 2 2 e 2
Patella 2 e e 1
Femur 2 2 1 2
Tibia 2 2 e 2
Metatarsal 2 2 e 2
Astragalus 2 2 e 2
Calcaneum 2 2 e 2
Tarsal 9 10 e 8
Carpal 13 7 e 6
1st Phalanx 8 6 e 6
2nd Phalanx 8 6 e 4
3rd Phalanx 8 6 e 3
Total 105 63 16 82

References: number of identified specimens (NISP); specimens with carnivore marks (SM

Please cite this article in press as: Kaufmann, C.A., et al., Carcass utilizat
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There are 19 specimens (18%; Table 2) with tooth marks, mainly
from the axial skeleton, including the skull, some sternebrae and
vertebrae, and the innominate, as well as part of the limbs, such as
femora, tibiae, calcaneum, scapulae, and humeri. The average
number of marks per specimen is 2.5. The scores are the most
abundant type of mark, followed by pits and punctures (Table 2).
Punctures are located in the cervical, thoracic and lumbar vertebrae
(both in the body and in the processes), the innominate (around the
acetabulum), the scapula blade, the proximal metaphysis of the
femur, and the proximal epiphysis of the tibia. Punctures show
large difference in maximum length, from 1.96 to 9.68 mm; and the
mean value is 3.68 mm (Table 3).

In this individual, no carnivore breakage was recorded, but 10
(9.52%) of the specimens are incomplete, and 90% of those present
marks. In both scapulae, the medial border is missing. In the right
femur, the proximal epiphysis is gone. In the innominates, the iliac
crest and part of the ischium are absent. In four of the lumbar
vertebrae, the body is present but some processes and the spine are
absent. In one of the thoracic vertebrae, part of the spine is missing.
4.1.2. Individual # FCS.CC.14 (collected: April 3, 2000)
Category 2, 23e113 kg (sensu Bunn, 1986). This individual was

found in a low area, 100 m from a shallow body of water. The
guanaco was almost completely articulated. The carcass was
divided into two portions separated at the dorsal-lumbar region,
and a disarticulated forelimb was found 78 cm from the rest of the
skeleton (Fig. 3). Some isolated bones were found around the main
accumulation, such as three thoracic vertebrae and several ribs.
There was some skin around the lower limbs and the neck. The age
of this guanaco was estimated at 30e36 months old and the sex
was determined as male. Most elements are present, with the
exception of a few carpals and tarsals and half of the ribs (Table 1).
Total NISP SM

#14 #65

NISP NISP N %

1 1 4 2 50
1 1 4 1 25
1 1 4 e e

1 1 4 2 50
5 5 24 7 29.2

12 12 35 5 14.3
7 7 32 18 56.2
3 e 12 e e

1 1 4 1 25
12 24 63 17 27
6 1 12 2 16.7
2 2 11 8 72.7
2 2 10 8 80
2 2 10 5 62.5
2 2 9 2 22.2
2 2 10 7 77.8
2 1 6 e e

2 2 11 7 63.6
2 2 10 3 30
2 1 9 2 22.2
2 1 9 e e

2 1 9 1 11.1
10 4 41 1 2.4
13 12 51 e e

8 4 32 4 12.5
8 3 29 1 3.5
8 2 27 e e

119 97 482 104 21.8

).

ion and bone modifications on guanaco killed by puma in northern
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Table 2
Frequency of specimens with carnivore marks and frequency of marks per individual in the wild puma sample.

Individual Total

#13 #137 #14 #58 #65 #66

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

Frequency of specimens with marks
Presence 19 18.1 15 23.81 27 22.7 16 100 14 14.4 13 15.8 104 21.8
Punctures 13 68.4 9 60 2 7.4 16 100 6 42.9 4 30.8 50 48.1
Pits 7 36.8 7 46.7 2 7.4 12 75 8 57.1 8 61.5 44 42.3
Scores 15 78.9 15 100 22 81.5 14 87.5 12 85.7 8 61.5 86 82.7
Furrows 5 26.3 4 26.7 1 3.7 12 75 4 28.6 2 15.4 28 26.9
Crenulated edges 8 42.1 10 66.7 1 3.7 10 62.5 2 14.3 4 30.7 35 33.6
Scooping out e e e e e e 1 6.2 e e e e 1 1
Frequency of marks
Punctures 27 23.3 16 12.8 14 7 58 34.3 27 16.1 7 8.33 149 17.3
Pits 31 26.7 25 20 13 6.5 32 18.9 50 29.8 52 61.9 203 23.6
Scores 58 50 84 67.2 172 86.4 79 46.7 91 54.2 25 29.8 509 59.1
Total 116 100 125 100 199 100 169 100 168 100 84 100 861 100

Reference: percentage (%) was calculated considering the total number of specimens (Total NISP, Table 1) and the total number of specimens with marks (N).

Table 3
Puncture measurements in the wild and captive puma samples.

n Mean IC � 95% IC þ 95% SD Min Max p-value*

All bone portions
Guanaco #13 18 3.68 3.07 4.76 1.70 1.96 9.68 0.000
Guanaco #14 8 5.07 4.03 6.72 1.61 3.81 8.77
Guanaco #58 33 4.03 3.60 4.73 1.59 1.77 8.39
Guanaco #65 25 2.92 2.63 3.24 0.74 1.55 4.37
Guanaco #66 5 2.77 2.03 3.53 0.60 2.12 3.46
Guanaco #137 9 5.00 3.36 7.29 2.55 1.94 11.01
Epiphyses
Guanaco 12 3.88 3.00 5.11 1.66 1.94 7.91 0.238
Large vertebrate 9 5.27 3.54 7.35 2.48 2.30 9.81
Small vertebrate 10 3.52 2.45 5.36 2.04 2.49 8.45
Metaphyses
Guanaco 17 4.91 3.99 6.27 2.22 2.54 11.01 0.491
Large vertebrate 22 4.81 4.31 5.51 1.36 2.61 8.30
Small vertebrate 17 4.30 3.51 5.43 1.87 2.09 9.34
Diaphyses
Small vertebrate 4 4.29 3.63 5.50 0.59 4.24 5.45
Axial bones_Cancellous
Guanaco 25 3.40 3.01 3.78 0.93 1.77 4.97 0.010
Large vertebrate 21 4.51 3.89 5.61 1.89 2.12 9.53
Axial bones_Thin cortical
Guanaco 44 3.54 3.25 4.26 1.67 1.55 9.68 0.325
Large vertebrate 6 4.30 3.51 5.43 1.87 2.36 6.77

Dimension (maximum length in millimeters) of punctures on different bone samples. Descriptive statistics include mean values, 95% confidence interval, standard deviation
and minimum and maximum values. *p-values for Kruskal Wallis test and ManneWhitney U statistic. Values in bold are significant at p < 0.05.
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This individual was lying on its left side; and accordingly, presented
most of the carnivore modifications on the right side. The relative
time of death was short and all the specimens are un-weathered.

There are 27 (22.68%; Table 2) specimens with tooth marks:
lumbar, thoracic, cervical and axis vertebrae, innominates, ribs,
scapula, humerus, radio-ulna, femur, tibia, metatarsal, and navic-
ular. The scores are overrepresented in the sample in relation with
the punctures and the pits (Table 2). All the punctures are present
on the proximal metaphysis of the right femur and on the right
ischium body. The mean value of the maximum length is 5.07 mm,
and the minimum and maximum values are 3.81 and 8.77 mm
(Table 3).

In this individual, no carnivore fractures were recorded, but 7
specimens (5.83%) with carnivore marks are incomplete. In one of
the ribs, a small portion of the medial diaphysis is gone. In the right
femur, the greater trochanter is absent. In the right innominate, the
iliac crest and part of the ischium is missing. In four of the lumbar
vertebrae, the right transverse process is gone. It is worth
mentioning that the fifth cervical vertebrae had fissures in the
Please cite this article in press as: Kaufmann, C.A., et al., Carcass utilizat
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anterior apophysis (Fig. 4c). These marks could be related to the
puma-kill, as this felid often attack their prey with a bite to the neck
or throat (Nallar et al., 2008).
4.1.3. Individual # FCS.CC.58 (collected: July 13, 2002)
Category 1b, 9e23 kg (sensu Bunn, 1986). This individual was

found in the margin of a shallow body of water and was highly
disarticulated. The vertebrae, ribs, and some fragments of the skull
were scattered on the ground. The elements reached a maximum
dispersion of 61 m. The age of this individual was calculated at
three to six months old, and the sex could not be determined.
Several bones were absent, including the atlas, axis, and thoracic
vertebrae, sacrum, ribs, sternebrae, innominates, metarcarpal, pa-
tella, tibiae, metatarsal, phalanges, and some tarsals and carpals.
Other bones were underrepresented, such as the cervical and
lumbar vertebrae and femora (Table 1). The relative time of death
was short and 15 of the specimens were un-weathered (93.75%),
while only one (6.25%) was at weathering stage 1.
ion and bone modifications on guanaco killed by puma in northern
0.1016/j.quaint.2016.03.003



Fig. 3. Skeletal distribution map of guanaco individual #14. Arrows point to carnivore
marks.

Fig. 4. Examples of damage inflicted by wild puma on guanaco bones: (a) Femur with
furrowing and puncture on greater trochanter; (b) Humerus with furrowing on
proximal epiphysis; (c) Cervical vertebra with fissure on transverse process; (d)
Innominate with crenelation on iliac crest and puncture on ischium body. Scale ¼ 2 cm.
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All of the specimens present tooth marks (Table 2). The scores
are the most abundant type. Punctures are well represented, and
pits are not frequent. This individual shows the highest frequency
of punctures, located mainly on the cervical vertebrae (body and
arch) and humerus (proximal and distal epiphyses and meta-
physes). Other elements which present punctures are the lumbar
vertebrae (body and arch), radio-ulna (olecranon), femur (proximal
metaphysis), scapula (acromion and blade), and mandible (angle).
Punctures show large difference in size, from 1.77 to 8.39 mm; and
the mean value is 4.03 mm (Table 3).

In this individual, 15 specimens (93.75%) were incomplete and
four of them presented fractures (Table 2). In the two ribs, the
proximal and distal epiphyses are gone. In the right humerus, part
of the distal epicondyles is absent and the proximal epiphysis is
missing. This specimen presents a fresh fracture along the proximal
diaphysis. In the left humerus, the proximal epiphysis is gone. In the
skull, only the maxillas and parts of the parietals are present. In the
mandible, the condyles and coronoid processes are gone. In the
scapulae, the tubercles and the medial border are missing. The
great trochanter in the right femur and the olecranon in the right
radio-ulna are gone. The four cervical vertebrae were incomplete.
These elements present loss of bone tissue and fractures in the
body. In two of the lumbar vertebrae, the left transverse processes
and the spine are absent, and a third vertebrae is missing both the
transverse processes and the arch.

4.1.4. Individuals # FCS.CC.65 and # FCS.CC.66 (collected: January
19, 2003)

Adult: Category 2, 23e113 kg (sensu Bunn, 1986). Unborn:
Category 1b, 9e23 kg (sensu Bunn, 1986). These two individuals
correspond to a female guanaco and its unborn fetus. They were
found in a low area under a shrub. The adult animal was 60e72
months, and the unborn was between 10 and 11 months of gesta-
tion (the sex could not be determined). In reference to the adult
female, the axial skeleton was articulated while the limbs were
scattered with some bone portions articulated and others sepa-
rated, such as the femora and other long bones. The elements
reached a maximum dispersion of 29 m. All the anatomical ele-
ments are present but the sternebrae, ribs, innominates, patellae,
metatarsal, and astragalus are underrepresented. In the case of the
unborn individual, the skull, mandible, atlas, and sternebrae are
absent; and the thoracic vertebrae, ribs, scapulae, humeri, radio-
ulnae, metacarpal, patellae, tarsal, carpal, and phalanges are un-
derrepresented (Table 1). The relative time of death was short; with
72 of the adult specimens (75%) un-weathered, and 24 in weath-
ering stage 1 (25%). All the specimens of the unborn individual (82)
were in stage 0.

Fourteen specimens (15%; Table 2) of the adult individual show
tooth marks, which include the ribs, tibiae, humeri, radio-ulnae,
sternebrae, thoracic vertebrae, and innominates. In the case of
the unborn individual, 13 specimens (14.43%; Table 2) present tooth
marks, including the axis, lumbar vertebrae, ribs, innominates,
radio-ulnae, femora, metatarsal, and the first and second pha-
langes. For the adult, the scores prevail, followed by pits and
punctures. In the case of the unborn, the pits are abundant, fol-
lowed by scores and punctures. The adult individual presents
abundant punctures, all of them located on the sternebra and on
the distal portion of a few ribs. On average, punctures are 2.92 mm
in maximum length; and the minimum and maximum values are
1.55 and 4.37 mm (Table 3). A considerably lower number of
punctures are observed in the unborn individual, though they are
present in various elements, including one distal metatarsal, one
proximal phalange, one distal epiphysis of the radio, and one
proximal rib. Marks are between 2.12 and 3.46 mm in maximum
length, and the mean value is 2.77 mm (Table 3).
ion and bone modifications on guanaco killed by puma in northern
10.1016/j.quaint.2016.03.003



Fig. 5. Skeletal representation (%MAU) of guanaco.
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In the adult individual, no breaks were recorded but 7 of the
specimens (8.54%) are incomplete. Four of those specimens present
carnivore marks. In six of the ribs, some portions of the distal end
are gone. In the sternebra, the ends are missing. In the unborn in-
dividual, 5 specimens (6%; all of them with carnivore marks) were
incomplete and twowere fractured. These correspond to two of the
first phalanges, in which the distal epiphysis is absent. In the left
scapula, a portion of the medial border is gone. In the axis, part of
the proximal arch is absent, and in one of the lumbar vertebrae both
transverse processes are gone.

4.1.5. Individual # FCS.CC.137 (collected: February 10, 2006)
Category 2, 23e113 kg (sensu Bunn, 1986). This individual was

found under a shrub, alongwith a fresh hare carcass (see Fig.1). The
age of this animal was estimated at six to nine months old and the
sex could not be determined. Few bone elements are present
(Table 1). The skull, mandible, axis, thoracic vertebrae, sternebrae,
and the patella are absent. The cervical and lumbar vertebrae, ribs,
humeri, radio-ulnae, tarsals, carpals, and phalanges are underrep-
resented. The relative time of death was likely short, and most of
the specimens are un-weathered (n ¼ 60; 95%). However, two
specimens (3%; metatarsal and radio-ulna) are in weathering stage
1 and one specimen (2%; tibia) in stage 2 (sensu Behrensmeyer,
1978).

The specimens with tooth marks (n ¼ 15, 24%; Table 2) include
the humeri, metacarpal, scapulae, femora, innominates, sacrum,
lumbar vertebrae, and ribs. The scores are the most abundant type
of tooth marks in the sample, followed by pits and punctures
(Table 2). The punctures are located mainly on the innominate (in
the ischium and ilium body), and the femur (proximal metaphysis);
though they are also observed on the lumbar vertebrae processes,
humerus (tuberosity), and the scapula (neck). Punctures size range
from 1.94 to 11.01 mm; and the mean value is 5.00 mm (Table 3).

In this individual, no carnivore breakage was recorded, but 13
specimens (20.63%) with carnivore marks are incomplete. In the
two ribs, the proximal and distal epiphyses are gone. In both
scapulae, the medial border and tubercles are absent, and the gle-
noid cavity of the right scapulae is missing. In the right femur, the
proximal epiphysis is gone. In the innominate, the iliac crest and
part of the ischium are absent. In the left humerus, part of the head
and greater tubercle and proximal diaphysis are missing. In four of
the lumbar vertebrae, the body is present but some processes are
gone. In the sacrum, the spinous process is missing.

4.1.6. Synthesis of the wild puma sample
Our results indicate a lowmodification in the guanaco carcasses

(Table 4). If we compare the age classes, the young individuals pre-
sent a greater frequency of damage. In the affected bones, the ma-
jority are within stage I, followed by stages II and IV (Table 4). The
adult individuals present a high percentage of long bones without
modifications; and those with damage, only reach a stage I.
Table 4
Quantitative data of the bone modification stages (sensu Haynes, 1981, 1982; Sala et al.,

NULL Low Moderate

I II

Y A T Y A T Y A T

Femur 3 3 6 e 1 1 e e e

Tibia 6 4 10 e e e e e e

Humerus 2 4 6 1 e 1 1 e 1
RadiuseUlna 6 4 10 e e e 2 e 2
Metapodial 7 6 13 4 1 5 e e e

% 63.2 91.3 73.8 13.1 8.7 11.5 7.9 e 4.9

References: young (Y): individuals 13, 137, 58 and 66; adult (A): individuals 14 and 65;
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In the six guanaco individuals, variability in the grade of
completeness is observed (Fig. 5). Considering the age of the in-
dividuals, there is a greater destruction of the rib cage as well as the
skull and the primary cervical vertebrae in the unborn and
newborn. For these individuals, 16.16% (n ¼ 43) of the bones are
2014) in long bones of guanaco consumed by wild puma.

Heavy NR

III IV V

Y A T Y A T Y A T Y A T

2 e 2 2 e 2 e e e 7 4 11
e e e e e e e e e 6 4 10
e e e 2 e 2 e e e 6 4 10
e e e e e e e e e 8 4 12
e e e e e e e e e 11 7 18
5.3 e 3.3 10.5 e 6.5 e e e 38 23 61

total (T); number of remains (NR).
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Fig. 6. Box plots showing the range of variation in maximum length of the punctures
from the guanaco bone sample, by individual.

Fig. 7. A. Detail of punctures on guanaco bones from the wild puma sample. (a) cir-
cular puncture; (bed) irregular punctures. B. Detail of punctures on guanaco bones
from the captive puma sample. (aec) circular punctures; (d) irregular puncture.
Scale ¼ 1 mm.
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incomplete. In regards to the sub-adult and adult individuals, there
is a greater completeness of the carcasses and bone elements, with
only 6.48% (n ¼ 14) of the bones incomplete.

Among the bone specimens registered with carnivore marks,
the most affected are the humerus, followed by the innominate,
scapula, femur, radiuseulna, axis, and skull (see Table 1). In refer-
ence to the frequency of specimens with marks and the average
number of marks per specimen, the most affected elements are the
sternebra, followed by the skull, innominate, femur, scapula, and
ribs. In particular, punctures are more frequent on the innominate
(three individuals) and on the proximal portion of the femur (4
individuals). This type of tooth mark shows significant differences
in size, with a mean value of 3.76 mm for the total sample of
guanaco bones. A Kruskal Wallis test shows that there is a signifi-
cant difference when comparing the maximum length of punctures
from different individuals (p ¼ 0.000). On average, the size of
punctures increases in a direct relationship with age (Table 3;
Fig. 6). In general, the difference in puncture size is significant when
individuals are distant in age (Table 5). Contrary to this trend, no
statistical difference is observed between the youngest and oldest
individuals, corresponding to the female and its unborn fetus (In-
dividuals #65 and #66, respectively). Besides the circular to oval
punctures included in the metric analysis, seven marks possibly
made by multi-cusped teeth are present in the guanaco bones
(Fig. 7A). Two of these marks are very large: one is 15.42 mm in
maximum length and 4.89 mm inmaximum breadth, and the other
is 14.13 mm in maximum length and 6.39 mm in maximum
breadth.
Table 5
The ManneWhitney U-tests (p-values) for differences in the dimension (maximum
length in millimeters) of punctures from different guanaco individuals.

Individual #13 #58 #137 #14 #65

#66 0.062 0.036 0.020 0.003 0.636
#13 0.554 0.054 0.012 0.016
#58 0.129 0.031 0.001
#137 0.773 0.001
#14 0.000

Values in bold are significant at p < 0.05.
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4.2. Captive puma sample

A total of 145 bone remains were recovered from the puma
enclosure, 136 of which were identified taxonomically and
anatomically. A total of 113 specimens were assigned to large
vertebrates distributed as followed: Sus scrofa (NISP ¼ 74), Ovis
aries (NISP ¼ 4), Lama glama (NISP ¼ 4), Artiodactyla (NISP ¼ 5),
and undetermined mammalian (NISP ¼ 26). Twenty-three bone
specimens were determined as small vertebrates: Lepus europaeus
(NISP ¼ 14), and Gallus gallus (NISP ¼ 9). With the exception of
domestic pig (MNI ¼ 2) and European hare (MNI ¼ 4), the rest of
the taxa have a minimum number of one individual
ion and bone modifications on guanaco killed by puma in northern
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Fig. 8. Examples of damage inflicted by captive puma: (a) Domestic pig innominate
with crenelation, scoring, punctures and pitting; (b) Femur of domestic pig with fur-
rowing, scoring, pitting and punctures on proximal and distal epiphyses; (c) Lumbar
vertebra of domestic pig with punctured lateral process and body; (d) Thoracic
vertebra of Artiodactyla with broken dorsal spine; (e) Tibia of European hare with
puncture on proximal epiphysis; (feg) Ribs of large mammal (f) and llama (g) with
crenulated edge on the sternal extremity and lower edge. Scale ¼ 2 cm.
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(Supplementary Table 1). The analysis of the total sample indicates
that 68% of the bone specimens are fractured and that 56.5% pre-
sents some carnivore damage (Fig. 8). A greater proportion of
specimens with carnivore marks were observed in the small
vertebrate sample (Fig. 7B). In both vertebrate classes, pits, punc-
tures, and scores are the most abundant tooth marks (Table 6,
Fig. 7B). Puncture size distribution is very similar in both samples:
in the large vertebrates, the mean value of the puncture maximum
length is 4.75 mm, and the minimum and maximum values are
2.12 mm and 9.81 mm; in the small vertebrates, the mean value is
4.11 mm, and the minimum and maximum values are 2.09 mm and
9.34 mm. Additionally, six irregular punctures not included in the
metric analysis were present (Fig. 7B(d)). Two of them, particularly
large, were possibly created by a multi-cuspid tooth. One of them
was observed in a proximal femur of domestic pig (10.9 � 7.1 mm)
and the other in a tibia diaphysis of European hare
(12.9 � 6.6 mm).

We estimated the damage produced in the captive puma sample
for Sus scrofa. This is the better represented taxa in this sample and
is similar in body size to the guanaco. The modification generated
by puma can be categorized as light (Table 7).
Please cite this article in press as: Kaufmann, C.A., et al., Carcass utilizat
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5. Discussion

Different lines of evidence registered in the field, such as feces,
footprints, and direct observations of the animals suggest the
intervention of the Pampas fox (Lycalopex gymnocercus) in the
guanaco carcasses after the puma kill. In previous studies using the
same guanaco collection; the disarticulation and movement of
anatomical units generated by fox on individuals of different ages
and causes of death were studied (Kaufmann and Messineo, 2002).
Additionally, bone remains found in fox feces were collected and
analyzed (G�omez and Kaufmann, 2007). Consequently, some of the
properties of the guanaco bone assemblage analyzed here cannot
be solely the result of the action of the puma, especially the pattern
of anatomical representation. Nevertheless, the studies of South
American foxes inform that the modifications from these small
sized carnivores are generally restricted to gnawing on bony por-
tions like processes, scapula blades, trochanters, apophysis, ilium,
ischium, and distal epiphysis of ribs. This action produces small
punctures, pits, and scores; producing light damage in the carcass
of medium sized prey (Borrero, 1990; Fern�andez et al., 2010;
Mondini, 2012).

We consider that the guanaco bone assemblages reflect
ecological interactions common in nature where more than one
agent is responsible for carcass modification. The scavenging of the
carcasses by small sized carnivores in the puma-kill sites is
frequently mentioned in other naturalistic studies (Martin and
Borrero, 1997; Nasti, 2000; Logan and Sweanor, 2001; Borrero
et al., 2005; Stiner et al., 2012). These combined actions create
averaged assemblages expected in the fossil assemblage. This
argument highlights the importance of complementing naturalistic
studies with controlled experiments which together can provide
useful information to discuss the interaction between the different
agents that integrate ecosystems. Thus, we consider that our results
of the captive puma sample, where there is unequivocal relation-
ship between predator and prey, are of vital importance to
strengthen the pattern of bone modifications generated in the
naturalistic context.

After the guanaco bones were disarticulated by the puma,
anatomical parts such as ribs, thoracic vertebrae and some
appendicular elements were dispersed by fox. In the six guanacos,
we observed an important variability in the degree of skeletal
completeness. When considering age, the unborn and young in-
dividuals have a higher absence of the rib cage, skull, and the first
cervical vertebra. In the case of the sub-adult and adult individuals,
there is a greater integrity of the carcasses and skeletal elements.

Despite the complex origin of the analyzed sample, we can
extract useful information to characterize the bone modification
patterns produced by puma on medium sized ungulates. In natural
settings, the percentage of affected bones reflects the intensity of
carcass utilization by carnivores, which depends on several
ecological factors such as the abundance and vulnerability of prey
in the environment and the degree of competition between pred-
ators; among other factors (Iriarte, 1988; Sunquist and Sunquist,
1989; Rau et al., 1991). Furthermore, studies of samples collected
in different contexts indicate that the frequency of damage is
greater in the carnivore den than at the kill site (Haynes, 1980a). In
the puma-kill sites studied here, 22% of the bones present some
type of modification assigned to carnivores. This data is similar to
those registered by Nasti (2000) in vicu~nas (23%) from the Puna
region of Argentina, and lower to those registered by Mu~noz et al.
(2008) in guanaco (34%) from the Central Andes. If we consider
the age of the individuals, the sub-adults and adults present 19% of
their bones with carnivore marks, and the young and unborn pre-
sent 24%. As expected, higher percentages were observed in the zoo
ion and bone modifications on guanaco killed by puma in northern
0.1016/j.quaint.2016.03.003



Ta
b
le

6
Fr
eq

u
en

cy
of

sp
ec
im

en
s
w
it
h
ca
rn

iv
or
e
m
ar
ks

an
d
fr
eq

u
en

cy
of

m
ar
ks

p
er

in
d
iv
id
u
al

in
th
e
ca
pt
iv
e
p
u
m
a
sa
m
p
le
.

La
rg
e
ve

rt
eb

ra
te

>
10

kg
Sm

al
l
ve

rt
eb

ra
te

<
10

kg

Su
s
sc
ro
fa

O
vi
s
ar
ie
s

La
m
a
gl
am

a
A
rt
io
d
ac
ty
la

M
am

m
al

To
ta
l

Le
pu

s
eu

ro
pa

eu
s

G
al
lu
s
ga

llu
s

To
ta
l

N
%

N
%

N
%

N
%

N
%

N
%

N
%

N
%

N
%

Sp
ec

im
en

s
w
it
h
m
ar
k
s

Pr
es
en

ce
33

44
.6

3
75

4
10

0
3

60
17

61
.5

60
53

.1
10

71
.4

9
10

0
19

82
.6

Pu
n
ct
u
re
s

18
54

.5
2

66
.7

3
75

2
66

.7
8

47
.1

33
55

7
77

.8
5

55
.6

12
63

.2
Pi
ts

19
57

.6
2

66
.7

4
10

0
3

10
0

8
47

.1
36

60
10

10
0

8
88

.9
18

94
.7

Fu
rr
ow

in
g

8
24

.2
e

e
e

e
e

e
4

23
.5

12
20

e
e

e
e

e
e

Sc
or
es

19
57

.6
2

66
.7

4
10

0
1

33
.3

7
41

.2
26

43
.3

7
70

5
55

.6
12

63
.4

C
re
n
u
la
te
d
ed

ge
s

4
12

.2
e

e
2

50
1

33
.3

6
35

.3
13

21
.6

1
10

e
e

1
5.
3

N
ot
ch

e
e

e
e

e
e

e
e

e
e

e
e

3
30

2
22

.2
3

15
.8

In
d
et
er
m
in
at
e

1
3

e
e

1
25

e
e

e
e

2
3.
3

2
20

e
e

2
10

.5
Fr
eq

u
en

cy
o
f
m
ar
k
s

Pu
n
ct
u
re
s

68
29

.7
4

36
.4

9
10

.7
3

23
.1

16
17

.8
10

0
23

.4
26

25
.7

14
29

.2
40

26
.9

Pi
ts

59
25

.8
4

36
.4

45
53

.6
9

69
.2

48
53

.3
16

5
38

.6
40

39
.6

25
51

.1
65

43
.6

Sc
or
es

10
2

44
.5

3
27

.2
30

35
.7

1
7.
7

26
28

.9
16

2
37

.9
35

34
.7

9
18

.8
44

29
.5

To
ta
l

22
9

10
0

11
10

0
84

10
0

13
10

0
90

10
0

42
7

10
0

10
1

10
0

48
10

0
14

9
10

0

Table 7
Quantitative data of the bone modification stage in domestic pig long bones
consumed by captive puma.

NULL Low Moderate Heavy NR

I II III IV V

Femur e e 1 e 1 e 2
Tibia e 2 e 1 e e 3
Humerus e e e e 1 e 1
Metapodial 4 2 e 1 e e 7
% 30.8 30.8 7.6 15.4 15.4 e 13

References: number of remains (NR).
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sample, with carnivore marks in 53% of the bones in large verte-
brates, and 83% in small vertebrates.

With respect to the stages of carcass utilization (sensu Haynes,
1981, 1982; Sala et al., 2014) the modification pattern in both age
classes of the guanaco is light. However, the young individuals have
a higher frequency of bone damage. A light modification pattern
was also recorded in the domestic pig sample recovered from the
zoo. Yet, the frequencies of specimens with bone modifications
from the pig sample were considerably higher than the guanaco
bones found in the wild. The increased use of carcasses in captivity
has been suggested for other carnivores like wolves and lions
(Gidna et al., 2013; Sala et al., 2014). The greater degree of damage
in situations of captivity is a response to the animals' stereotypic
behaviors, such as “boredom chewing” on bones, and that carni-
vores have been removed from the pressure of selective factors of
their original ecological habitats. These behaviors produce artifi-
cially high bone modification patterns, not commonly documented
in the wild (Carlstead, 1996). Nevertheless, we believe that the in-
formation derived from captive environments provides valuable
evidence related to the type and size of the marks, as demonstrated
in this work.

In general, our results from the wild puma sample, in terms of
the intensity in the use of carcasses, are consistent with those ob-
tained in other puma studies (Nasti, 2000; Borrero et al., 2005;
Stiner et al., 2012). Previous authors mention a light intensity in
the utilization of the carcasses and a high survival of all the skeletal
parts. An exception to these observations is found in the tapho-
nomic study of an adult guanaco from the Laguna del Diamante
Reserve in Mendoza, Argentina. This particular case shows an
intensive use of the carcass, including the breakage of the skull to
access the brain tissue (Mondini and Mu~noz, 2008; Mu~noz et al.,
2008). While this case greatly contributes to understand the vari-
ability in the intensity of the use of carcasses by puma, it should be
kept in mind that this is a single example where it records such
significant consumption intensity.

The bones with a higher frequency of damage are the humerus,
pelvis, scapula, femur, ulna, radius, lumbar vertebra, axis and skull.
As with other studies with similar sized prey consumed by puma
(Borrero and Martin, 1996; Nasti, 2000; Borrero et al., 2005; Stiner
et al., 2012), there are very few fractured elements. For the young
individuals, fractures were observed on the proximal end of two
humeri, on the distal end of two ribs, and on the proximal meta-
physis of two phalanxes. Furthermore, fissures and other types of
damage were observed on the cervical vertebra of a sub-adult. The
modifications to guanaco elements are linked to the kill technique
and feeding behavior of the puma (Nallar et al., 2008; Palmeira
et al., 2008; Canedi, 2011). The modifications found on the cervi-
cal vertebra and the skull could be the result of suffocation and
biting to the throat during the puma kill. Other modifications
would be related to the feeding habits, which provoke greater
damage to the scapula, the upper forelimb, the pelvis, and upper
ion and bone modifications on guanaco killed by puma in northern
10.1016/j.quaint.2016.03.003
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hindquarter and rib cage. This anatomical pattern of damage is
consistent with those mentioned in other naturalistic studies
(Borrero and Martin, 1996; Nasti, 2000; Mu~noz et al., 2008; Stiner
et al., 2012).

The type of modification with greater frequency in the wild
puma sample is scores, followed by similar proportions of punc-
tures and pits. This modification pattern is comparable to those
registered by Mu~noz et al. (2008); however, it differs in the fre-
quency and proportion at which each is present in the sample.
There is a notable difference in the frequency of scores with respect
to punctures and pits in our study. The other types of modifications,
such as furrows and crenulated edges present moderate values and
we only registered evidence of scooping out in one individual.

Through the traces left on the bones in the naturalistic sample
analyzed here, it is difficult to identify which teeth were respon-
sible for the marks. As observed in other prey hunted by puma
(Martin and Borrero, 1997; Mu~noz et al., 2008; Stiner et al., 2012),
the punctures were commonly found on the body of the ilium and
ischium, and around the femoral head. Punctures show a great
variability in size and on average are 3.8 mm. Amaximum length of
11 mm was recorded in the sample of sub-circular punctures. We
consider that most of these marks were created by the puma with
their canines during the kill, dismembering and defleshing of their
prey. The presence of large punctures could be diagnostic of the
puma, helping to differentiate the action of this felid from other
South American carnivores, such as foxes. Although detailed metric
analyses of tooth marks produced by foxes on guanaco or similar
preys are lacking, preliminary data on this smaller carnivore indi-
cate a mean value of 2 mm for punctures (Nasti, 2000).

Additionally, larger punctures (14e15 mm) with irregular
shapes are present [referred as “tooth impressions” by Andrews
and Fernandez Jalvo (1997)]. These particular tooth marks were
Fig. 9. Box plots showing the range of variation in maximum length of the punctures
from the guanaco (G), large vertebrates (LV) and small vertebrates (SV) samples,
stratified by bone portions.
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made bymulti-cusped check teeth. This interpretation is supported
by a feeding experiment conducted by Burke (2013) with mountain
lions and bobcats which demonstrated that these felids do not
utilize their paws for leverage to remove flesh, but use almost every
tooth in their dental arcade to remove soft tissue, with the excep-
tion of the smallest molars. Likewise, Mu~noz et al. (2008) observed
the presence of a large tooth mark (18.4 mm) in a guanaco killed by
a puma. The authors attributed this large mark as produced by a
carnassial tooth.

With respect to the captive puma sample, we observed that the
most common types of modifications are the same as those
observed in the wild puma sample, although the frequencies of
marks are different. In the large vertebrate sample, the most
abundant marks are pits, followed by punctures and scores. In the
sample of small vertebrates, the pits continue to be abundant, fol-
lowed by similar proportions of punctures and scores. The size
distribution of punctures in large and small vertebrates (from
approx. 2 to 10 mm) is similar to the guanaco sample, although
slightly higher mean values were recorded in the zoo samples.
Fig. 9 shows a substantial overlap in the maximum length of
punctures when the sample is stratified by bone regions. Only a
significant difference was observed when comparing the length of
punctures on cancellous bone from axial elements in the guanaco
and large vertebrate samples (see Table 3). This minor difference in
puncture size between the captive and wild puma sample could be
the result of the inclusion of some punctures produced by foxes.
Despite this confounding factor, we believe that the distribution of
puncture sizes from both samples (in combinationwith other types
of damage and contextual information) can be used as a frame of
reference to identify puma predation in fossil assemblages.

6. Conclusions

Since the initial peopling of America, pumas and humans have
preyed on the same species and have occupied the same places in
the landscape. Our results constitute a valuable contribution to
characterize puma action and thus identify the participation of this
agent in the formation of the fossil record. The data presented here
confirm that this predator is characterized by its partial con-
sumption of their prey, thus providing potential resources for
scavenging by other agents such as foxes. As some authors have
suggested, during moments of the initial settlement of South
America, carcasses with minimal consumption by the puma would
have offered an alternative food supply for human populations
(Borrero et al., 2005:111; Martin, 2013:348e350). The close inter-
action between carnivores and humans in rock shelters and caves
of this region has been recognized and discussed in detail by other
researchers (Borrero et al., 1988, 2005; Mondini, 2002; Martin,
2012, 2013).

Although the naturalistic sample analyzed here is small, a ten-
dency towards the selection of the most vulnerable individuals in
the population (young individuals) is observed. These observations
are sustained by wildlife conservation studies which inform of
pumas predominantly preying on calves (Palmeira et al., 2008). This
expected mortality profile, dominated by young individuals, con-
stitutes a complementary line of evidence that would help to infer
the role of large felids in the fossil record. As we mentioned, the
puma generates a light modification in their prey, characterized by
a low number of fractured and damaged bones which are
concentrated on the upper part of the front and hind limbs, rib cage,
scapula, and pelvis. The most frequent type of damage corresponds
to scores, pits, and punctures. In agreement with previous pub-
lished work (Martin and Borrero, 1997; Mu~noz et al., 2008), the
metric analysis in the present study indicates that punctures by
puma are generally 3.5e5 mm; although larger tooth marks
ion and bone modifications on guanaco killed by puma in northern
0.1016/j.quaint.2016.03.003
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(>10 mm) should be expected; some of them possibly made by
multi-cusped check teeth such as the carnassial.

While none of the variables analyzed in this work is indepen-
dently a defining criterion to infer the role of the big cats in the
formation of the fossil assemblage, combining them under a
naturalistic and experimental approach offers a heuristic model to
apply to past contexts. The long standing contributions of Gary
Haynes to archaeological interpretations from an actualistic
taphonomy approach constitute a baseline for understanding the
paleoecological interactions between carnivores and humans. In
Argentina, his proposals have inspired the development of research
programs that generate a growing body of knowledge available to
taphonomic archeology.
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