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Quaternary cliff-dwelling bovids (Capra, Rupicapra, Hemitragus, Ovis): site’s typology and taphonomic remarks

In Europe, Quaternary karstic deposits yield commonly remains of Caprinae (Capra, Rupicapra, Hemitragus, 
Ovis). A database is elaborated on rich-caprine sites, especially from France and Spain. Based on data dealing 
with topography and morphology of karstic settings (sinkholes, horizontal galleries), and quantification of 
faunal remains (NISP, skeletal elements) as well as taphonomic observations (age classes, sex-ratio, carnivore 
activity), a typology of caprine sites is proposed. Questions are raised about deposit formation and agents of 
such accumulations. Preliminary data suggest the importance of medium-sized felids (leopard) and canids 
(wolf) as main predators of cliff-dwelling bovids and/or canids as a systematic secondary bone modifier. 
Other types of sites concern natural traps and anthropogenic bone accumulations (rock shelters and caves) 
mainly dated of Late Paleolithic.
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1. INTRODUCTION

Mountain ecosystems are characterized by a re-
latively low diversity of mammalian species (in-
cluding both predator and preys). Cliff-dwelling 
bovids (ibex, chamois, thar, argali and blue sheep 
in Eurasia, mountain goat and bighorn sheep in N 
America) are the main ungulate species of these 
particular environments. During the Holocene, in-
tensified anthropogenic processes highly reduced 
the geographical range of wild Ungulates and hu-
man pressure conducts to establish protected areas 
as well as action plan such as management, species 
reintroduction and conservancy zone. During 
Pleistocene times, cliff-dwelling bovids had a sig-
nificantly wider geographical range (over almost 
all northern Hemisphere) occupying more diverse 
ecosystems, both in plains, hills and mountains. 
Bone assemblage’s formation should be similar to 
the other ungulates (including cervids, equids and 
large-sized bovids), as follows: i) naturally died 
animals; preyed and accumulated in ii) carnivore 
dens/lairs or iii) anthropic sites. The present pa-
per aims to characterize these ‘caprine assembla-
ges’ according to their typology and taphonomic 
criteria.

2. THE CLIFF-DWELLING BOVIDS OF W EUROPE: 
A BRIEF CHRONO-TAXONOMIC FRAME

In western Europe, several small/medium-sized 
species of cliff-dwelling bovids have been identi-
fied all along Pleistocene times, within numerous 
archeo- and paleontological sites. So far, four gene-
ra have been recognized (Crégut-Bonnoure 1992). 
In France, the extinct argali Ovis ammon antiqua, 
has been identified in a few Middle Pleistocene si-
tes (Caune de l’Arago: Crégut-Bonnoure 1979; Mon-
chot 1996a; Rivals 2002; Camp de Peyre Delpech et 
al. 1978; Madelaine, unpublished). Thars, belon-
ging to the genus Hemitragus, are represented by 
important populations of Middle Pleistocene H. bo-
nali at L’Escale in SE (Bonifay 1974-75; Coumont 
2006) and Les Rameaux in SW France (Rouzaud et 
al. 1990; Coumont ibid) and the Late Pleistocene H. 
cedrensis in SE french sites (Les Cèdres: Crégut-
Bonnoure 1985). The genus Capra concerns several 

species/sub-species recognized from Early Pleisto-
cene (Capra alba in Spain: Calero et al. 2006) fo-
llowed by the appearence of Capra ibex and Capra 
pyrenaica during the MIS 7/6, still present in Euro-
pean mountains (Altuna 1972; Crégut-Bonnoure 
2002; 2005). Finally, various species and sub-spe-
cies belonging to the genus Rupicapra (R. rupica-
pra, R. pyrenaica) are found all along the Pleistocene. 
The biochronological implication of the chamois is 
regularly discussed (Masini 1982; Clot and Marsan 
1986; Masini and Lovari 1988; Masseti and Salari 
2012). The two later genera, Capra and Rupicapra, 
are particularly abundant in palaeontological and 
archaeological record during the Late Pleistocene 
(cf. infra).

3. MATERIAL AND METHODS

In this paper, Quaternary deposits containing 
mainly ibex and chamois are considered, these 
two species being the most frequent and often 
found associated. In SW and SE France as well as 
in the Pyrenees (both French and Spanish), a sur-
vey of 806 sites/levels containing Capra (675 
Pleistocene and 131 Holocene deposits) has been 
recently established (Fosse et al. in press). Accor-
ding to the collected data (including topography, 
palaeontology and taphonomy), we could discuss 
the typological classification and taphonomic cha-
racterization of these caprine bone assemblages 
(figs. 1-3 and references therein). Ecological and 
taphonomic data were also provided for the main 
modern and Pleistocene large carnivores (felids, 
canids and hyenids) dealing with their predation 
and consumption patterns of medium-sized un-
gulates (mainly cervids). Our dataset consists: 1) 
in contextual information (site topography); 2) 
caprid skeletal part distribution and all damage 
associated (fig. 4); 3) on data from extant african 
leopard (Pickering 2001), mountain lion (Stiner et 
al. 2012), gray wolf (Klippel et al. 1987; Chase 
1990; Esteban et al. 2010; Fosse et al. 2012) and 
(spotted) hyena (Carlson and Pickering 2003) scat 
contents. We will consider in the latter criteria 
both the scat contents s.s. and bone modification 
produced by gastric juices; we will add direct obser-
vations provided by the current authors on modern 
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and Pleistocene samples resulting from red fox 
(Cardal), wolf/cuon (Combe Grenal, Vaufrey) and 
cave hyena activities (Lunel-Viel, Fouvent) on cer-
vid bones. Such analysis will allow to discuss spe-
cific consumption and digestion patterns observed 
on different medium-sized ungulate acropodials. 

Note: most of the site with bibliography referen-
ces can be found in the figures 1-4, as they are not 
systematically quoted in the text.

4. TYPOLOGY OF CLIFF-DWELLING BOVID’S 
SITES (fig. 5)

Although cliff-dwelling bovids (Capra) have been 
recognized in Late Pleistocene open-air sites from 
plain landscapes in N Europe (Couturier 1962; Mol 
1992), a majority of the record concerns karstic cavi-
ties from mountainous regions in Southern and Cen-
tral Europe. These are directely connected to their 
ecomorphologic adaption to rocky environments. 
Caprine bone accumulations are found in three main 
site categories according to the morphology and to-
pography of cavities (fig. 5): A) vertical entrance or 
sinkholes directly open to the outside, B) cavities 
with horizontal or descending gallery leading to a 
pitfall, and C) strictly horizontal cavities without 
any topographic hindrances (like a pit). This global 
typology could be developed following chronology 
(Pleistocene, Holocene) and other factors (biotic and 
abiotic) implying site functions 

4.1 TYPE A SITES (fig. 1 and references therein)

Holocene type A sites characterized as pits and 
sinkholes are found in moutainous areas (e.g., Pyre-
nees, Alps). These geographical areas constitute the 
last refugia for numerous wild species. The ibex ap-
pears the most common species found in these natu-
ral traps, chamois remains being scarce. The traps 
yield frequently one or two individuals (AN-015, PT 
10, Les Bouquetins), sometimes more (16 in Coulet 
des Roches) and up to 50 individuals (Giévroz De-
vant). Ibex are mainly identified by fairly complete 
skeletons and males are the most abundant (AN-015, 
Bouquetins, PT10) compared to females (SO-4). Car-
nivore activities (toothmarks) are absent and rodent 
marks could be observed on unearthed dry bones. 
Radiometric datings on several indivuals from a sin-
gle site highlight the diachronic and recurrent trap-
ping processes (Coulet des Roches).

Pleistocene type A corresponds to sinkholes or 
avens, with narrower chimneys, which contain al-
most exclusively macro-herbivores (cervids, equids, 
large bovids) and mega-herbivores (rhinocerotids, 
proboscideans) and, sometimes containing impor-
tant caprid samples. They are typical natural traps 
potentially explored by scavengers (e.g., wolves, 
cave hyenas) as well as hominids (Brugal and Jau-
bert 1991; 1996) to exploit the accumulated carcas-
ses. Usually carnivore impact is significantly higher 
than anthropogenic activities. Although thar re-
mains are scarce at Coudoulous II natural trap, a sin-
gle fragment of humerus has cutmarks on the distal 

Fig. 1: Holocene and Pleistocene sinkholes (type A) yielding caprine remains, with quantified data (NISP, %) and tapho-
nomic interpretation. Abbreviations:  Pleist. = Pleistocene; H = human activities; K = carnivore modification; N = natural 
sites.
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epiphysis (Brugal et al. 2006). The Escale cave could 
be described as a natural trap as well, although pre-
cise topographic context is unclear. The thick strati-
graphical filling (20-23 meters thick, Bonifay and 
Bonifay 1963), belonging to the Middle Pleistocene, 
contains the largest population of Hemitragus bonali 
in France (Bonifay 1974-75) and has been studied 
from a taphonomic analysis (Coumont 2006 and see 
below). The Camp de Peyre site, which yields 379 
remains of argali but also abundant remains of rein-
deer and horse (Delpech et al. 1978; Guadelli and 
Prat 1995) could probably be related to this category. 
The ungulate bones are complete, without any carni-
vore toothmarks, and belong mostly to subadult in-
dividuals (Madelaine and Fosse pers. obs.). The type 
A sites yielding caprine remains are not very com-
mon, especially for the Pleistocene.

4.2 TYPE B SITES (fig. 2 and references therein)

So far, this type is the most frequent and could be 
considered as a variant stage of Type A sites, suppor-
ting the idea that caprine accumulations result mainly 
from natural trapping. Although interpretations of 
some accumulations, especially Holocene ones, can 
still be explained by ecological (natural living place 
of ibex) and topographical factors (accidental falls 
towards the deep sectors of the cavities), the function 
of Pleistocene sites is more complex due to various 
taphonomic histories, greatly influenced by the pre-
sence of both predators (felids, canids, hyenids) and 
humans (mainly during the Middle Palaeolithic).

Holocene and Late Glacial deposits provide an 
interesting source of ecological and taphonomic in-
formation. Some caves contain few individuals (one 
to five) but can reach until up to 36 individuals 
(Tempiette). Ibex remains are found about 6 to 10 m 
away from the entrance at the ‘grotte du Balai’, while 
the bone remains are located about 16 m inside at 
Schwalmis cave. These examples support ibex beha-
viors relating a natural exploration of some galeries 
next to the entrance feeding salt licks on the walls 
(Couturier 1962; Moncel et al. 2008; Blant et al. 2012 
and references therein; Griggo et al. 2019). Although 
topographies are not available, several swiss sites 
can probably be classified as type B because they are 
described as refuges (Al Segno 1, Bouquetins, GU2) 
or shelters / galleries leading to pitfalls that have 

trapped ibexes (Bärenhöhle, Dohlenhöhle 1 & 2, 
GU13, Kapuzinerhöhle ... in Blant et al. ibid).

The diachronic frequentations of this type of cavity 
by some mammals (ibex, chamois, brown bear) are 
well highlighted by the direct radiocarbon dates (Edis 
Loch, R7/057, Tempiette); they can spend several thou-
sand years of bone accumulation (Griggo et al. 2019). 
This long time-span of bone accumulation might be 
similar in many Holocene deposits not yet directly da-
ted and in which several ibexes have been identified 
(Bucardos, Chourrugue Ouest, Erbinia). This «  dia-
chronic population » should be used as a guideline for 
Late Pleistocene sites where cliff-dwelling species are 
abundant. Finally, in this type site, the predominance 
of males (Barranco Jardin J-1, Barranco Jardin J-5, Bu-
cardos, Erbinia, MS-2, Tempiette) over females (CS-59) 
as well as subadult individuals over adults seems the 
rule (Chourrugue Ouest, Los Batanes, Illobi). Carnivore 
toothmarks on caprine bones are scarce.

This topographical configuration is the most fre-
quent for the Pleistocene period and constitutes the 
most complex study from a taphonomic point of view. 
Numerous ibex bones are found in vertical holes 
cutting karstic horizontal galleries. These accumula-
tions are sometimes considerable with a low carnivore 
involvement (Observatoire, Repolust, Vallescure). 
However, the pleistocene rich-caprine sites present a 
combination of potential natural trapping, consump-
tion by carnivores (felids, canids) and exploitation by 
humans. 

Some type B sites yielding spanish ibex remains 
have been described as leopard « lairs » (Los Rinco-
nes). This cave was used at least two times by diffe-
rent large carnivores; one as a winter denning site by 
brown bears (MNI=8) and one, later by leopards 
(MNI=4). The interpretation as a leopard site con-
sumption is mainly provided by the spatial bone dis-
tribution within the same gallery (Gallery of Leo-
pard) (cf. infra). In other sites, a dual exploitation of 
alpine ibex by humans and wolf is considered (Les 
Pêcheurs: Moncel et al. 2008) whereas other instan-
ce (Soulabé) presents an important sample of cauca-
sian ibex associated with leopard and wolf remains 

Fig. 2 (next page): Holocene and Pleistocene caves (type B) 
yielding caprine remains, with quantified data (NISP, %) 
and taphonomic interpretation. Abbreviations as in fig. 1.
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and with a very low evidence of human activities 
(cutmarks). Ibex bones have been found mainly at 
the base of a natural pitfall and have been consumed 
by carnivores (leopard/wolf, cf. infra). In Salzofen 
cave bear site, carnivore toothmarks have been ob-
served on appendicular long bones of alpine ibex. In 
this high-altitude site (2005 m a.s.l.) other carnivores 
have been identified: cave lion, wolverine and wolf. 

Finally, natural deposits could be as well descri-
bed for some chamois sites (Aratzu VII) although 
leopards and large canids were identified among the 
faunal list. The taphonomic analysis clearly men-
tionned the lack of any carnivore toothmarks on all 
pyrenean chamois remains  and all species, inclu-
ding both ungulates and carnivores (leopards, cave 
lion, cuon, red fox). It seems that all these species 
have fallen down and trapped independently into 
the pitfall. 

4.3 TYPE C SITES (fig. 3 and references therein)

Horizontal karstic cavities (caves) are grouped 
within Type C sites consisting in natural-death sites 
dated to Holocene (Arriutort, Barranco Jardin J-5) and 
Late Pleistocene (Erralla IV). These sites are rare and 
generally considered as the result of particular events 
(e.g., accidental death, lightning-strikes). In Erralla IV, 
age-classes distribution of spanish ibex «  popula-
tion  » (MNI=7) shows the prevalence of senile and 
adult individuals. This mortaliy pattern is, by far, di-
fferent than those noticed in A and B type sites.

Dealing with modern carnivore sites, we can 
mention red fox dens. This small canid does oftenly 
collect ovicaprinae bones in its consumption places 
(Yravedra et al. 2014). A special case (Cardal cave) 
where both few ibex and chamois bones were found 
associated with an important marmot sample (Fosse 
2010) can be cited. The site is located in the French 
Pyrenees (2205 m a.s.l.) and caprine long bones ends 
and phalanges are systematically toothmarked (sco-
res, pits, punctures).

Several Pleistocene small caves (from 4 to 30 m 
depth) are interpreted as leopard « lairs » (Raco del 
Duc I, S’Espasa, Tritons). The leopards are regurlarly 
found in association to secondary carnivore species 
(scavenger / opportunistic predator?) such as wolf (Pié 
Lombard), red fox (Imanolen Arrobia) or spotted hyena 
(Llonin). In some cases, the leopards are associated to 

human activities (Amalda VII). In other caves, a dual 
exploitation of ibex and chamois respectively by hu-
mans and dhole (Cuon) is considered (Noisetier); in 
this site the chamois bones have been found with a 
high frequency and degree of surface modification 
(digestion). A mixed association between ibex and 
lynx is reported at Buraca Escura (Aubry et al. 2001; 
Arceredillo et al. 2018). Caprine seem essentially of 
natural origin with some limited evidence of lynx 
exploitation from the Late Paleolithic level. Although 
Gabasa cave is described as a hyena den, the rich 
accumulation of spanish ibex remains in all levels is 
associated to an important population of wolves. Si-
milar to Gabasa, wolves are the main predator at 
Praileaitz I (Exterior, Galeria NW, Vestibulo?) with a 
great abundance of spanish ibex and chamois re-
mains. Role of this canid in bone modification is 
highly suspected in both sites. 

Many shelters and horizontal caves are preferred 
places for human Paleolithic occupation. During 
Lower and Middle Paleolithic, layers often demons-
trate alternate occupancy with carnivores (Arago, 
Cova Negra, Balazuc, Le Lazaret, Les Peyrards) and 
caprine accumulations can be caused by all these di-
fferent predators. In contrast, several Late Paleolithic 
sites (Solutrean, Magdalenian) yield sometime huge 
amount of caprine bones (especially ibex: Dalmari, 
Belvis, Ermittia, Erralla, Bolinkoba, Les Eglises, Ras-
caño, La Riera, La Vache) and are recognized as spe-
cialized ibex hunting sites. This species can repre-
sent at least 80-95 % of the total remains per level/
site and has been intensively exploited from a food, 
economic and symbolic perspective.

The proposed typology on caprine bone accumu-
lation highlights the importance of topography, but 
also of other biological factors (presence of predators, 
marks on bones, age classes, completness of remains) 
to infer the functional nature of these Holocene and 
Pleistocene sites. Vertical karstic cavities (types A 
and B) constitute the majority of cases, and they can 
often be interpreted as natural death place for capri-
nes possibly exploited afterward by human and non-
human predators. The horizontal galleries (type C) 
are mainly human habitats and more rarely used by 
carnivores for denning; in some cases, caprine could 
naturally occupy caves as a shelter for special event 
(harsh climatic condition), and died there, secon-
dary exploited, or not, by meat/bone-eaters.
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Fig. 4: Skeletal part distribution (%NISP) for Capra and Rupicapra remains in the 3 categorized caprine sites. Source as in 
figs. 1-3.
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5. ECOLOGY OF EXTANT CAPRINE’S PRE-
DATORS

The specific identification of carnivore’s exploi-
tation of ungulate (ranging from 30 to 200 kg), and 
here on caprine species can be raised by the degree 
and frequency of association between predators and 
prey. Ecological data on extant caprine-hunters are 
not abundant. However, the ibex/argali-medium to 
large-sized felid trophic relationships is the most 
frequently observed so far. 

5.1 PREDATION BY FELIDS

Excluding lions’ social behaviour, felids are soli-
tary hunters. Hunting strategies used by snow leo-
pard (Panthera uncia), mountain lion (Puma conco-
lor) and african leopard (Panthera pardus) consist in 
ambush huntings focused on a single prey. In Asia, 
the snow leopard is the main predator of siberian 

ibex Capra sibirica (Shehzad et al. 2012; Lyngdoh et 
al. 2014; Johansson et al. 2015; Weiskopf et al. 2016) 
and of the blue sheep Pseudois nayaur (Oli et al. 
1993; Wegge et al. 2012; in Weiskopf et al. op. cit.; 
Chetri et al. 2017). In human-modified areas where 
carnivore’s diet focus mainly on livestock, seasonal 
consumption of siberian ibex is always higher in the 
snow leopard than in other carnivores, especially 
the gray wolf (Anwar et al. 2011; Bocci et al. 2017). 
In the Near-East, the Persian leopard (P. pardus saxi-
color) is the main predator of the urials, Ovis orien-
talis (Farhadinia et al. 2018) while in N America, the 
mountain lion is the main predator of bighorn sheep, 
Ovis canadensis (McKinney et al. 2006; Clemenza et 
al. 2009; Rominger 2017; Beale 2019). Feeding expe-
riments on captive pumas suggest a wintering sca-
venging behaviour of this species over deer carcas-
ses (Bauer et al. 2005), eating up to 50% of edible 
tissues (but no bones?). The Himalayan thar Hemi-
tragus jemlahicus may be seasonally preyed on by 

Fig. 5: Typology of Holocene and Pleistocene European sites yielding caprine remains.
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the snow leopard (Shrestha 2008). The European 
lynx (Lynx lynx) is considered as an efficient hunter 
of chamois and roe deer and even reindeer popula-
tions (Breitenmoser and Haller 1993; Molinari-Jobin 
et al. 2002; Nieminen and Leppaluoto 1988). Preda-
tion on calves is important (Nybakk et al. 2002). The 
Iberian lynx (Lynx pardinus), smaller than the euro-
pean species, is a highly specialized rabbit-hunter (> 
80% of diet) and very rarely (< 5%) on fallow deer, 
red deer (Delibes 1980; Gil-Sanchez et al. 2006). Un-
gulate identification is based on hairs whereas bones 
identified in scats belong always to lagomorph size 
vertebrates (Lloveras et al. 2008).

5.2 PREDATION BY CANIDS

Large canids are social predators, huntig by 
packs. The main prey of wolves are deers (roe deer, 
fallow deer, red deer, reindeer, elk, moose: Zlatano-
va et al. 2014) and wild boars (Nores et al. 2008; Sin 
et al. 2019) from plain or forested regions. In N 
America, the mountain goat Oreamnos americanus, 
smaller than eurasian ibex, is preyed upon mainly 
by brown bear and then by gray wolf and mountain 
lion (Côté and Festa-Bianchet 2003). Argalis are so-
metimes preyed on by wolves in W Europe (Poulle 
et al. 1997; Capitani et al. 2004; Gazzola et al. 2007; 
Stahlberg et al. 2017). The arid highlands of central 
Asia, with very low mammalian diversity, are a rare 
place where all large carnivores (canids, felids) pre-
date, in equivalent proportions, on argali and sibe-
rian ibex (Jumabay-Uulu et al. 2014). In Europe, 
chamois is also mentioned to be a significant prey 
of wolf, but no precise details are available. Finally, 
extant foxes (and eagles) prey upon neonate/very 
young ibex in W Europe (Crampe 1991). Even 
though wolf scats (genetically identified) are regu-
larly found at snow leopard kill-sites (suggesting 
scavenging activity by canids), no direct observa-
tions on scavenging behavior in wolves on ibex, 
thar or chamois carcasses has been recorded. Most 
of the above-mentioned studies are based on scat 
contents (hair analysis and genetics), while no detai-
led taphonomic data on prey carcasses are available 
(skeletal parts, bone scattering, toothmarks etc). 
However, feeding experiments on captive wolves 
reveal heavy bone modification pattern on ovicapri-
nae remains (Castel 2004).

Eco-ethological data highlight this highly fre-
quent trophic relationship between adult caprine – 
large felids (Panthera, Puma) in diverse ecosystems 
whereas wolf’s main prey are often gregarious ungu-
lates (cervids, large bovids). 

6. TAPHONOMY OF CAPRINE’S PREDATORS/SITES

Skeletal part distribution has been recorded ac-
cording to the site typology (fig. 6, fig. 4 for data and 
figs. 1-3 for references); isolated teeth were systemati-
cally excluded of the counts as they over-biased the 
samples. Data from scat contents or regurgitations 
are also mentioned. Ingestion is both related to re-
gurgitation of undigestable items (plants, hairs, 
horns, hooves, chitin …) as well as defecation ac-
companying each other by chemical dissolution pro-
cesses. Main analyses on carnivore scat contents 
concern the morphological or genetic identification 
of organic remains (ex. hair, bone, pollen, etc.) from 
a taxonomic or ecological perspective (prey, diet, 
season …) (e.g., Bon et al. 2012; Utge et al. 2020 and 
ref. herein). Recently, a morphometric approach of 
coprolites has been carried out in order to identify 
carnivore species and to match ungulate gnawed re-
mains to the identified predators found in a site 
(Sanz et al. 2016). Most of the taphonomic copro-
scopic data concern small/medium carnivores (red 
fox) and their main prey (lagomorphs, rodents) (An-
drews and Nesbit-Evans 1983).

6.1 NATURAL SITES

Natural sites (Type A and B) are characterized by 
a balanced frequency of all skeletal parts (fig. 6, A). 
However, two groups can be distinguished: 1) sites 
where axial skeletal elements are very abundant, 
as a result of caprine naturally dying into the traps 
that have not been carrion-fed by carnivores 
(L’Observatoire, Grotta delli Stambecchi, Erralla IV, 
Coulet des Roches, Salzofen?); 2) sites where vertebrae 
and ribs are much less frequent (Escale, Rameaux). 
In these Middle Pleistocene sites, low-density pa-
leontological remains are much less well frequent 
than in recent natural traps, presumably due to diffe-
rential conservation effects. Sediment compression 
is high and the % survival can be correlated with 
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bone density for each skeletal element. Fragmenta-
tion in situ is often important (Coumont 2006). Very 
moderate consumption by carnivores is observed 
(L’Escale).

6.2 FELID (LEOPARD) SITES

Felids are meat/flesh-eaters and hunt preys of di-
fferent size. There is no undoubtedly observation on 
food regurgitation by lions or leopards in Africa, 
neither by the snow leopard in Asia nor the moun-
tain lion/puma in America. There is no detailed des-
cription of the small bones ingested by the mountain 
lion. Taphonomic studies on scat contents are scanty 
for the felid species (Stiner et al. 2012 for the puma; 
Carlson and Pickering 2003 for the african leopard). 
Main skeletal elements identified in scats are verte-
brae, ribs and phalanges (fig. 7, A). In the Pleistocene 
european record, the leopard (P. pardus sp.) has been 
described as the main predator of ibex (Imanolen 
Arrobia, S’Espasa, Llonin, Los Rincones, Soulabé, 
Tritons unit 2, Zafarraya). In leopard lairs, the distri-
bution of skeletal parts is close to that found in natu-
ral sites (S’Espasa), with the exception of axial skele-
tal elements, which are sometimes less abundant 
(Imanolen Arobia). The frequency of complete bones 
is high (37% in S’Espasa, 50% in Imanolen Arrobia, 
64% in Llonin) whereas bone modification is low 
(5% at S’Espasa, 8% at Tritons, 16% at Imanolen 
Arrobia), with few toothmarks per bone and, mo-
reover, no identifiable digested bone (Imanolen 
Arrobia, Raco del Duc, Los Rincones, S’Espasa). This 
is undoubtedly the main taphonomic feature of bone 
accumulations produced by fossil leopards and it is 
also an important difference with the modern re-
cord. In Tritons cave, there are only five ibex diges-
ted bones, scavenged by canids (Mico et al. 2020). In 
Llonin, 10% of the chamois bones and some ibex 
bones were digested but have been found with nu-
merous coprolites attributed both to the leopard and 
also to the cave hyena.

6.3 CANID (WOLF) SITES

Extant canids (wolf, dog) only regurgitate meat to 
feed upon weaning pups (Malm and Jensen 1993); 
(identifiable) bone fragments can only be found in 
scats, staying several days in the stomach (pH of 

Fig. 6: Skeletal part distribution (%NISP) for Capra and Ru-
picapra remains in the 3 categorized caprine sites. Colours/
grades = various confidence ellipses. Isolated teeth not con-
sidered. Site numbers and data in fig. 4.
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about 3). The scat contents are mostly composed of 
vertebrae and rib fragments and the proportion of 
phalanges is greater than in felid scats (fig. 7, B). In 
Poland (Biezszcady), where the diet of wolves is 
mainly based on predation of red deer, roe deer and 
wild boar, a sample of 800 scats has been carried out. 
The scats were cleaned and prepared (separation of 
hair, plant and bone fragments). Less than 8% of scats 
yield bone remains and, overall, there was a clear 
paucity of bones per scat. Identified bones are mainly 
small fragments of vertebrae and ribs as well as pha-
langes. Carpals, tarsals, patellae and a few isolated 
teeth complete these samples. The skeletal distribu-
tion is comparable to other observations made on 
other wolf scats (Klippel et al. 1987; Barja and Corona 
2007; Esteban-Nadal et al. 2010) or even on leopard 
scats (Pickering 2001), by the abundance of phalanges 
(fig. 7, A-B). A feeding experiment also highlighted 
the large quantity of small (< 1cm) unidentifiable frag-
ments in wolf scats (Esteban-Nadal et al. 2010). 

The gray wolf appears to be the main (cervid) 
bone accumulator in some N American caves (Grani-
te Quarry cave: Klippel et al. 1987; Lower Rampart 
cave 1: Sattler ibid; Moses Coulee cave: Darwent and 
Lyman 2002). In Europe, the wolf could be conside-
red as a predator of alpine (Sant Agostino X: Stiner 
2004) and of pyrenan ibex (Praileaitz I Exterior/Gale-
ria NW/Vestibulo: Castaños and Castaños 2017). In 
these two samples, long bones belong mainly to 
subadult individuals (non-epiphyseal bones) and 
are complete. Appendicular bones are the most 
abundant elements whereas vertebrae and ribs are 
under-represented. Toothmarks seem to be frequent; 
no information is recorded of the presence of diges-
ted bone. In Granite Quarry cave, mule deer remains 
belong mainly to fawns (< 1 year old) and show che-
mical alterations characteristic of digestion (corr-
sion, acid-etching). In Pleistocene natural deposits 
scavenged by wolves (Gral), the frequency of gnawed 
bones is less than 10%, for all ungulate size classes; 
some digested bones have been found but no coprolite 
has been identified (Castel et al. 2010). In the hyena 
(and wolf?) den of Gabasa, 3% of the bones are 
gnawed; no indication of the presence of identifiable 
digested bones is given. Nevertheless, several first 
phalanges show toothmarks (mainly punctures and 
furrows). The systematic presence of crushed acropods 
in carnivore sites has, for more than a century, been 

discussed and correctly attributed to the action of 
canids, through actualistic observations (Martin 
1906; Peï 1938 (plates VII & XXI); Chase 1990; 2001). 
Identification of large canid activity is based both on 
similar sized/morphological circular holes on oppo-
site sides (usually punctures on cranial and caudal 
faces) and as well on the presence of these bones in 
modern canid scats (coyote, Canis latrans: Chase 
1990). The gray wolf is also an active scavenger of 

Fig. 7: Comparative frequency (%NISP) of identified bones 
in modern gray wolf, african leopard, mountain lion and 
spotted hyena scats.
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cervid remains in natural traps (Igue du Gral: Castel 
et al. 2010; Cova del Rinoceront layer I: Sanz and 
Daura 2018) and on cave bear skeletons (Grosse 
Grotte: Weinstock 1999), reindeer and ibex remains 
(left by humans?) as well (Balazuc: Daujeard 2008; 
Combe Grenal : Chase 1986; 2001; Gamssulzenhöhle: 
Kühtreiber and Kunst 1995; Schusterlucke: Galik 
1997; Divje Babe I: Toskan 2007; Vergisson II: Fabre 
2010). The second large canid involved with a carni-
vore activity on caprine bones is the dhole (Cuon 
alpinus). Gnawed small bones have been observed 
on a few thar and red deer remains (patellae) at Vau-
frey cave (Binford 1988; Fosse pers. obs.) whereas at 
Noisetier cave, numerous and strongly digested bo-
nes belonging to the pyrenan chamois were found, 
with coprolites (Mallye et al. 2012). Overall, bone 
modification by wolf is stronger than those noticed 
for leopard sites. In wolf lairs (GAP) and cave hyena 
dens (Gabasa), the skeletal distribution shows an 
under-representation of ribs and vertebrae in compa-
rison with one found in leopard sites (fig. 6, B). 

6.4 HYENID (FOSSIL SPOTTED HYENA) SITES

Hyenids regurgitate animal remains (hair, meat, 
bone, horn, hoof) after having eaten too much food 
too quickly (Kruuk 1972). Regurgitated bones of lar-
ge ungualtes such as buffalo can be found on kill si-
tes (Fosse, Fourvel, Brugal, pers. obs.). High concen-
tration of hydrochroric acid in their stomach (pH 
lower than 2) allow a much more efficient absorp-
tion of organic remains than for any other large 
carnivore; deposits of phosphatic scats (white) are 
characteristic of a scent marking behavior. Despite 
numerous neotaphonomic analyses on all extant 
hyena species, there are few studies on hyenid scat 
contents related to the presence of ungulate remains 
(Kolska Horwitz 1990). One experimental study has 
been carried out with small primates (Carlson and 
Pickering 2003) and shows a significant difference in 
the skeletal part distribution, compared to canid and 
felid scats, through the abundance of carpals, tarsals 
and phalanges and a lower frequency of vertebrae 
and long bones as well (fig. 7, C). The different mo-
des of prey transport between felids (whole carcasse) 
and canids/hyenids (head, legs …) or the context of 
bone assemblages (primary consumption site vs sca-
venging site) could explain the variations observed.

In cave hyena dens, (small) fragments of long bo-
nes, perforated with various stages of intensity, have 
been correctly attributed to acid-etching phenomena 
(Zapfe 1966; Villa et al. 2010; Bourdillat 2008). The-
se pieces are typical of a consumption by this preda-
tor/scavenger. Furthermore, the highest frequency of 
ingested bones is only found in Late Pleistocene 
hyena dens (20% in cueva del Buho: Sala Burgos 
2012; 12% in Fouvent: Fourvel 2012). However, ca-
prine remains are rarely found in Pleistocene hyena 
dens. At Gerde cave (Clot 1987) and grotte Marie 
(Crochet et al. 2007), a few ibex bones have been 
identified while only a few chamois remains have 
been recovered from Unikoté cave (NISP=11; Michel 
2005). Even though ibex and chamois are particu-
larly abundant in Gabasa cave (Blasco Sancho 1995) 
recognized as a hyena den, the relative abundance of 
wolf remains in each levels supports the fact that ca-
prines could not be considered only as the result of 
hyena depredation but rather as an important tapho-
nomic agent in accumulation/modification of ungu-
late bones. Most of data from Pleistocene hyena dens 
involve with cervids (red deer, reindeer) as well as 
with equids and large-sized bovids.

6.5 A COMPARATIVE FRAMEWORK OF DIGESTED 
BONES

The question of the degree small bones (carpals, 
tarsals, patella, phalanx) crushing, ingestion and di-
gestion recovered from the scat contents constitutes 
one of the most consistent aspect of feeding beha-
viour in different Pleistocene top predators. These 
particular remains should be considered as signifi-
cant indicators in the identification of the carnivore 
species/zoologicalgroup which could be involved in 
the bone accumulation processes. Despite their re-
markable interest in understanding the feeding be-
haviour of different Pleistocene top predators, most 
of the above-mentioned works have provided little 
data on digested identifiable bones. 

A comparison between modern wolf scat con-
tents (Poland), Hemitragus/Capra from L’Escale 
and Soulabé, reindeer from Combe Grenal (wolf ac-
tivity) and cervids from Lunel-Viel (hyena den) as 
well as a few chamois sample found in modern red 
fox den allows us to propose differences in the de-
gree of crushing and digesting small bones by canids 
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and hyenids. This comparison concerns the first 
phalanges on the one hand (fig. 8, A-B, fig 9) as this 
is the bone most frequently consumed by all carni-
vore species and other small bones (carpals, tarsals) 
on the other hand (fig. 10). Wolf scats contain sel-
dom identifiable bones, including phalanges. The 
first phalanges are sometimes found complete but 
are much more frequently reduced to their distal 
part (fig. 8, A-1). Proximal ends are also present, but 
in few number. Complete phalanges are ingested 
either after being bitten (punctures) or not. In the 
first case, circular hole could break totally the corti-
cal bone and penetrate into the marrow cavity un-
der proximal articular epiphysis on medial/lateral 
side. Then, very small bone fragments resulting 
from breakage linked to the teeth pressure can be 
found inside of this hole. Puncture circular shape 
differs mainly from acid-etched holes which are 
much more elongated and shapeless. First phalan-
ges exhibit commonly holes close to the distal arti-
cular epiphysis, on their cranial side. Distal ends 
do present sharpened edges around articular surfa-
ces and a thinned cortical extremity on the opposi-
te side (shaft). 

Ungulate phalanges (Rupicapra, Ovis) are also 
found in red fox dens (Cardal, French Pyrenees). 
These particular remains result from a collecting be-
havior by the small canid and were brought back 
into the dens as isolated skeletal part or still in ana-
tomical association with other phalanges and hoo-
ves. The phalanges may be nibbled at both epiphy-
ses and sometimes punctured in their distal part, on 
the cranial side (fig. 8, A-2). Although red fox does 
not swallow complete ungulate bone pieces as long 
as phalanges are, digested phalanges coud be found 
in dens, coming from collecting around bird of prey 
nests, mainly the bearded vulture (Gypaetus barba-
tus). Rodents also contribute to the modification of 
phalanges left by red foxes. 

In Escale cave (natural trap), scavenging of Hemi-
tragus bones by carnivores are really scanty (Cou-
mont 2006), probably due to the inaccessibility of 
too deep deposits by any carnivores. However, few 
first phalanges exhibit toothmarks (pitting) and a 
distal end has been gnawed and probably ingested 
(fig. 8, A-3). This kind of bone modification can be 
attributed to small canids, probably red/arctic foxes 
which are abundant in the adjacent levels.

In Soulabé cave, about a hundred first phalanges 
of Capra caucasica have been identified with 75% of 
them being complete and showing no carnivore tra-
ces. Modified phalanges present either isolated 
punctures on their shaft or, more frequently, punctu-
res in the distal part of the cranial side and scores on 
medial and lateral sides (fig. 8, A-4). Phalanges were 
gnawed from the proximal end, then reduced to 
their distal half. Only one complete phalanx is di-
gested (fig. 8, A-4). Corrosion, exposing medular ca-
vities, is quite important on cranial side, below the 
proximal articular epiphysis and at the distal one as 
well. The low/moderate frequency of toothmarks on 
ibex bones and the presence of leopard as the main 
large predator had led to suggest this carnivore as 
the main ibex carcasses accumulator, the wolf being 
much less abundant (Fosse et al. 2019). A rapid exa-
mination of Raco del Duc bone assemblage by one of 
the authors (PF) on one hand and a comparative ap-
proach on first phalanges (and other small bones) 
ravaged by different carnivores on other hand allow 
us to consider bone at Soulabé to be greater than in 
the leopard sample (Sauqué and Sanchis 2017) and 
significantly less than or comparable to that of Com-
be Grenal where the wolf is described as an impor-
tant taphonomic agent in several levels (Chase 1986; 
2001). In this cave, an important sedimentary filling 
has been excavated and corresponds to intense 
mousterian human occupations involved with rein-
deer exploitation. In several levels (e.g. 59, 27, 23), 
reindeer phalanges show isolated puncture (Chase 
2001) as well as multiple abrasive areas resulting 
from digestion by the wolf. Combe Grenal sample 
contains more fragmented (proximal and especially 
distal ends) than complete phalanges (fig. 9). Punctu-
res are rare, especially on complete phalanges and 
are found near to the proximal epiphyseal joint, on 
cranial and medial/ lateral sides but are also found 
more oftenly on distal fragments. On complete pha-
langes, cortical bone surface is altered by acid-et-
ching, starting as a circular hole and then a wider 
and deeper horizontal area near the epiphyses on the 
cranial side, and with a large scooping out cluster on 
the caudal side. Bone surfaces are regularly polished 
and the sharpening of the shaft is well marked (fig. 8, 
B-5). These destructions constitute a significantly 
stronger step than those observed on the Soulabé 
samples. 
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Fig. 8 (A+B): Carnivore modification on caprid and cervid first phalanges by modern and Late Pleistocene red fox, gray wolf 
and hyenas: 1. modern wolf scat contents (Poland, Biezszcady); 2. modern red fox den (Cardal); 3. natural trap + small 
carnivores (V. vulpes) activity (L’Escale); 4. natural trap + mainly wolf activity? (Soulabé), (1) Les Pêcheurs (wolf activity); 
5. wolf activity on reindeer phalanges (anthropogenic refuses? Combe Grenal); 6. hyena den (Lunel-Viel 1+IV). 
Bar scale = 1cm. All pictures by Ph. Fosse, except L’Escale (Ph. Jugie, MNP) and Les Pêcheurs (J.B. Fourvel). Cranial (cran) 
and caudal (caud) views for each element.
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The last predatory species considered is the cave 
hyena. Known for its capacity to accumulate prey 
remains in caves, this carnivore has a mixed diet, 
based on the consumption of meat and bones. In 
Pleistocene hyena dens, gnawed bones are abun-
dant, as are digested identifiable bones, this latter 
being under-studied from a taphonomic perspective. 
In Lunel-Viel, all cervid phalanges were swallowed 
when complete, without prior crushing stage (fig. 8, 
B-6). The circular depressions generally correspond 
to chemical dissolution cups with rounded edges. 
Although phalanges can be heavily modified by 
chemical dissolution, these bones appear to be less 

destroyed overall than in previous wolf samples. A 
probable explanation would be due to the ingestion 
of complete lower legs (carpals/tarsals-hooves) by 
hyenas (Fosse and Fourvel pers. obs.), the wolf in-
gesting one phalanx at a time. Undigested phalan-
ges show scores and furrows on medial and lateral 
sides. This comparison of bone modification on 
first phalanges allows to suggest that the wolf’s ta-
phonomic characterization is mainly observed on 
fragmentary phalanges, reduced to their distal part. 
For complete phalanges, the destruction produced 
by wolves is more marked on edging parts, whereas 
it is constant on all sides in the case of ingestion by 

Fig. 9: Frequency (NISP) and modification patterns on middle sized ungulate first phalanges found in different types of 
carnivore modern and Pleistocene sites. Abbreviations: nt = no traces; D = digested; TM = toothmarks; TMD = toothmarks 
+ digestion.
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hyenas. These first distinguishing criteria can be 
completed by observations on the other small bones 
consumed by these two carnivores (fig. 10).

Bone modification by ingestion does concern 
other small bones (patellae, carpals, tarsals, sesamoi-
ds, phalanges). The patella is a moderately compact 
bone, of a shape easily grasped by carnivores. Nib-
bling of the upper and lower extremities or ingestion 
of whole bone has been recorded for extant gray wolf 
(fig. 10, 1). At Vaufrey cave, in layer VIII described as 
a cuon denning level (Binford, 1988), red deer pate-
llae are bones mostly modified by carnivores, the 
other small bones (carpals, tarsals and phalanges) 
have almost never been toothmarked (pits, scores). 
Systematic destruction of upper and lower extremi-
ties of patellae as a carnivore breakage pattern could 

be difficult to be distinguished from a natural sedi-
mentary abrasion (fig. 10, 3(1)). Due to the scarcity 
of modified bones by carnivores, and the absence of 
coprolites as well, the layer VIII may not reflect a 
primary accumulation by canids, but rather a very 
moderate scavenging of carcasses from already 
dead animals (natural cause? anthropogenic?). In 
Soulabé cave, ibex patellae have almost all (n=12) 
been digested by carnivores. Upper and lower ex-
tremities are ravaged and gastric juices sometimes 
have eroded deeply medial and lateral sides, whe-
reas cranial and caudal articular sides remain unda-
maged. Absence of middle sized ungulate gnawed 
patellae in Pleistocene hyena dens can presumably 
be explained by the selecting transport of ungulate 
legs by this carnivore or by the total consumption of 

Fig. 10: Comparative modification of small bones by gray wolves and cave hyenas: 1. modern wolf scat contents (Poland, 
Biezszcady); 2. natural trap + mainly wolf activity? (Soulabé); 3. wolf activity on middle-sized ungulate small bones 
(anthropogenic refuses? Combe Grenal), (1) red deer (Vaufrey), (2), reindeer (Le Portel) (3) ibex (Les Pêcheurs), (4) cervid 
(Grotte aux Puces); 4. hyena den (Lunel-Viel 1+IV) (5) reindeer (Fouvent).
Bar scale = 1cm. All pictures by Ph. Fosse, except Fouvent, Grotte aux Puces, Les Pêcheurs and Le Portel samples (J.B. 
Fourvel). Cranial and caudal views for each element.
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these bones on the kill-site. Evidence of carnivore 
modification on this bone is common in canid depo-
sits and could also be a good diagnostic taphonomic 
criterion. 

Phalanges are also altered by gastric juices. In 
wolf scats, these bones are rather complete when be-
longing to subadult or adult individuals and are re-
duced to distal portions when unfused (young indi-
viduals); in this latter case, phalanges are therefore 
punctured before ingestion. The effects of gastric 
juices produce circular holes on shafts and also mo-
dify edging areas of articular surfaces (fig. 10, 2). Mo-
dification of bone surface due to the digestive effects 
is common on reindeer phalanges consumed by 
Pleistocene wolves (Combe Grenal), with a scooping 
out on the caudal side, as it was observed on first 
phalanges. In Soulabé, the second phalanges are 
complete, with eroded surfaces on all four sides and 
a scooping out area on the caudal side as well. Diges-
tion/regurgitation by cave hyena can produce dama-
ge on cervid second phalanges. Punctures are pre-
sent on proximal and distal ends, as well as scooping 
out of the caudal side. General morphology of these 
phalanges is modified from undigested pieces, with 
a sharpened edges and rounded extremeties. Tarsals, 
especially calcaneus and astragalus, are compact bo-
nes. These bones are modified by large carnivores, 
although there are significant differences in the de-
gree of alteration between digested tarsals by canids 
and hyenids. In modern wolf scats only the calca-
neus of (very) young cervids have been found. Pieces 
from adult individuals are too big to be swallowed. 
Digested calcaneus is fragmented, corresponding to 
the supra-articular portion (fig. 10, 1). These bones 
could be slightly gnawed (tuber calcanei) before in-
gestion. The same morphotype is found in Pleistoce-
ne wolf dens, on alpine ibex and cervid calacenus at 
grotte des Pêcheurs and Grand Abri aux Puces res-
pectively (fig. 10, 3(3)(4)). The other characteristic of 
consumption by wolves is the presence of a conti-
guous series of punctures on the caudal side of com-
plete non-ingested calcaneus. These successive 
punctures can form a line of perforations. This parti-
cular morphology of toothmarks, found at the Portel 
cave (fig. 10, 3(2)), has been observed on modern kill 
sites as well (Prucca 2003). Calcaneus eaten by cave 
hyenas do not present this damage pattern and rather 
systematically show the proximal extremity nibbled, 

with a progression towards the articular part. Some 
pieces show a single toothmark on the caudal face, 
this part of the bone being usually covered with sco-
res (fig. 10, 4). Whole calcaneus can be digested. The 
spotted hyena (fossil) is the only carnivore species 
able of ingesting such large bones. On astragalus, di-
fferences between canid and hyenid sites can also be 
described. Wolves can ingest complete ungulate (i.e. 
small cervid) astragali and chemical destruction due 
to gastric juices mainly concern caudal and lateral 
surfaces. The cranial surface shows moderate altera-
tion (fig.10, 1). In Pleistocene wolf sites, astragals are 
nibbled (posterior surface) or ingested, sometimes 
with significant disappearance of cortical bone on 
the posterior and anterior sides (Combe Grenal). The 
number of astragals so severely modified is low in a 
bone assemblage. On the contrary, in cave hyena 
dens, frequency of cervid ingested astragals is very 
high (11/60 pieces in Lunel-Viel; Fosse, unpublis-
hed), with a very high degree of dissolution on all 
sides, up to the fragmentation of this bone in smaller 
pieces. The cranial side may be severely damaged 
and presents large areas of exposure of the medular 
cavities and holes (fig. 10, 4). These differences re-
corded in modern and Pleistocene samples could be 
noticed on most small bones. The intensity of des-
truction is greater and more frequent in hyena dens 
than in wolf lairs. Moreover, cave hyena does not only 
ingest bones and teeth of medium-sized ungulates but 
also swallows most of the much more robust bones 
of larger ungulates such as equids and large bovids. 
In a hyena’s den, most prey bones (ungulates and 
carnivores) show the characteristics of acid-etching 
modification. This is also a significant difference 
from Pleistocene wolf dens. 

This comparative work on digestion effects 
produced by large carnivores should be continued 
and could be a useful tool to distinguish between 
canid and hyenid bone accumulations in Pleisto-
cene sites.

7. ENDING REMARKS

Caprines are the emblematic species in the roc-
ky regions and they are present in all mountains 
ecosytems. Their well adapted cliff-dwelling beha-
vior implies specific hunting techniques different 
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from plains or forested large ungulates (horse, 
deer, bison…). A detailed survey from southern 
Europe have been elaborated allowing to propose 
a first site typology of sites rich in caprine remains. 
Three type of sites have been distinguished based 
at first on the site karstic mappings but also com-
bined with faunal associations and some taphono-
mic features found in the bone assemblages. 
Although present in three types of sites, from their 
distinct topographies, these cliff-dwelling bovids 
are above all abundant in type B deposits. This 
type is characterized by voluntary and natural fre-
quentations by these ungulates in cavities as well 
as their potential predators/scavengers. While 
ecological data favour the trophic relationship bet-
ween caprines and felids (Panthera, Puma), faunal 
analyses of Pleistocene record seem to suggest a 
more frequent association between caprines and 
canids, mainly wolves. However, this hypothesis 
may result of the lack of comparative data from 
modern leopard, and raises the problem to identi-
fy bone assemblage slightly modified by felids. Ne-
vertheless, the pattern observed in the fossil re-
cord about the frequency of toothmarks and 
digestion on small bones (carpals, tarsals, and 
phalanx) could favor a greater wolf activity in 
many karstic caves, as hunter or scavenger than 
any other large carnivore species.
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