
palevolcomptes  rendus

2020  19  11



Directeurs de la publication / Publication directors :  
Bruno David, Président du Muséum national d’Histoire naturelle
Étienne Ghys, Secrétaire perpétuel de l’Académie des sciences

Rédacteurs en chef / Editors-in-chief : Michel Laurin (CNRS), Philippe Taquet (Académie des sciences)

Assistante de rédaction / Assistant editor : Adeline Lopes (Académie des sciences; cr-palevol@academie-sciences.fr)

Mise en page / Page layout : Audrina Neveu  (Muséum national d’Histoire naturelle; audrina.neveu@mnhn.fr)

Rédacteurs associés / Associate editors  (*, took charge of the editorial process of the article/a pris en charge le suivi éditorial de l’article) :

Micropaléontologie/Micropalaeontology 
Maria Rose Petrizzo (Università di Milano, Milano) 

Paléobotanique/Palaeobotany
Cyrille Prestianni (Royal Belgian Institute of Natural Sciences, Brussels)

Métazoaires/Metazoa 
Annalisa Ferretti (Università di Modena e Reggio Emilia, Modena)

Paléoichthyologie/Palaeoichthyology
Philippe Janvier (Muséum national d’Histoire naturelle, Académie des sciences, Paris) 

Amniotes du Mésozoïque/Mesozoic amniotes 
Hans-Dieter Sues (Smithsonian National Museum of Natural History, Washington)

Tortues/Turtles
Juliana Sterli (CONICET, Museo Paleontológico Egidio Feruglio, Trelew) 

Lépidosauromorphes/Lepidosauromorphs
Hussam Zaher (Universidade de São Paulo)

Oiseaux/Birds
Éric Buffetaut (CNRS, École Normale Supérieure, Paris)

Paléomammalogie (petits mammifères)/Palaeomammalogy (small mammals) 
Robert Asher (Cambridge University, Cambridge)

Paléomammalogie (mammifères de moyenne et grande taille)/Palaeomammalogy (large and mid-sized mammals) 
Lorenzo Rook (Università degli Studi di Firenze, Firenze)

Paléoanthropologie/Palaeoanthropology
Roberto Macchiarelli (Université de Poitiers, Poitiers)

Archéologie préhistorique/Prehistoric archaeology 
Marcel Otte* (Université de Liège, Liège)

Couverture / Cover : 
Made from the Figures of the article.

Comptes Rendus Palevol est une revue en flux continu publiée par les Publications scientifiques du Muséum, Paris et l’Académie des sciences, Paris
Comptes Rendus Palevol is a fast track journal published by the Museum Science Press, Paris and the Académie des sciences, Paris

Les Publications scientifiques du Muséum publient aussi  / The Museum Science Press also publish: 
Adansonia, Geodiversitas, Zoosystema, Anthropozoologica, European Journal of Taxonomy, Naturae, Cryptogamie sous-sections Algologie, Bryologie, Mycologie.

L’Académie des sciences publie aussi / The Académie des sciences also publishes: 
Comptes Rendus Mathématique, Comptes Rendus Physique, Comptes Rendus Mécanique, Comptes Rendus Chimie, Comptes Rendus Géoscience, Comptes 
Rendus Biologies.

Diffusion – Publications scientifiques Muséum national d’Histoire naturelle 
CP 41 – 57 rue Cuvier F-75231 Paris cedex 05 (France) 
Tél. : 33 (0)1 40 79 48 05 / Fax : 33 (0)1 40 79 38 40 
diff.pub@mnhn.fr / http://sciencepress.mnhn.fr

Académie des sciences, Institut de France, 23 quai de Conti, 75006 Paris.

© Publications scientifiques du Muséum national d’Histoire naturelle / © Académie des sciences, Paris, 2020
ISSN (imprimé / print) : 1631-0683/ ISSN (électronique / electronic) : 1777-571X

Comptes Rendus Palevol est indexé dans / Comptes Rendus Palevol is indexed by: 
	 – Cambridge Scientific Abstracts
	 – Current Contents® Physical
	 – Chemical, and Earth Sciences®

	 – ISI Alerting Services®

	 – Geoabstracts, Geobase, Georef, Inspec, Pascal
	 – Science Citation Index®, Science Citation Index Expanded®

	 – Scopus®.

Les articles ainsi que les nouveautés nomenclaturales publiés dans Comptes Rendus Palevol sont référencés par / 
Articles and nomenclatural novelties published in Comptes Rendus Palevol are registered on:
	 – ZooBank® (http://zoobank.org)

mailto:cr-palevol@academie-sciences.fr
mailto:audrina.neveu@mnhn.fr
http://www.adansonia.com
http://www.geodiversitas.com
http://www.zoosystema.com
http://www.anthropozoologica.com
http://www.europeanjournaloftaxonomy.eu
http://www.revue-naturae.fr
http://cryptogamie.com/algologie
http://cryptogamie.com/bryologie
http://cryptogamie.com/mycologie
https://comptes-rendus.academie-sciences.fr/mathematique
https://comptes-rendus.academie-sciences.fr/physique
https://comptes-rendus.academie-sciences.fr/mecanique
https://comptes-rendus.academie-sciences.fr/chimie
https://comptes-rendus.academie-sciences.fr/geoscience
https://comptes-rendus.academie-sciences.fr/biologies
https://comptes-rendus.academie-sciences.fr/biologies
mailto:diff.pub@mnhn.fr
http://sciencepress.mnhn.fr


187COMPTES RENDUS PALEVOL • 2020 • 19 (11) © Publications scientifiques du Muséum et/and Académie des sciences, Paris. 	 www.cr-palevol.fr

Juan MARÍN
Institut Català de Paleoecologia Humana i Evolució Social (IPHES-CERCA), 

Zona Educacional 4, Campus Sescelades URV (Edifici W3), 
43007 Tarragona (Spain)

and UMR 7194, MNHN, CNRS, Histoire naturelle de l’Homme préhistorique, 
Musée de l’Homme, 75116 Paris (France)

juan.marin.hernando@gmail.com (corresponding author)

Antonio RODRÍGUEZ-HIDALGO
Department of Prehistory, Ancient History and Archaeology, 

Complutense University, Prof. Aranguren s/n, 28040, Madrid (Spain)
and IDEA (Instituto de Evolución en África), Calle Covarrubias 36, 

28010, Madrid (Spain)
and Institut Català de Paleoecologia Humana i Evolució Social (IPHES-CERCA), 

Zona Educacional 4, Campus Sescelades URV (Edifici W3), 
43007 Tarragona (Spain)

Palmira SALADIÉ
Institut Català de Paleoecologia Humana i Evolució Social (IPHES-CERCA), 

Zona Educacional 4, Campus Sescelades URV (Edifici W3), 43007 Tarragona (Spain) 
and Universitat Rovira i Virgili, Departament d’Història i Història de l’Art, 

Avinguda de Catalunya 35, 43002 Tarragona (Spain) 
and Unit Associated to CSIC, Departamento de Paleobiologia, 

Museo Nacional de Ciencias Naturales, Madrid (Spain) 

Nicolas BOULBES
UMR 7194, MNHN, CNRS, Histoire naturelle de l’Homme préhistorique, 

Université de Perpignan Via Domitia, EPCC - Centre européen de recherche préhistoriques, 
Av. Léon-Jean Grégory, 66720 Tautavel (France) 

Pierre MAGNIEZ
Aix Marseille Univ, CNRS, Minist Culture, LAMPEA, UMR 7269, MMSH, 

5 rue du Château de l’Horloge, 13094, Aix-en-Provence, (France)

Agnès TESTU
UMR 7194, MNHN, CNRS, Histoire naturelle de l’Homme préhistorique, 

Université de Perpignan Via Domitia, EPCC - Centre européen de recherche préhistoriques, 
Av. Léon-Jean Grégory, 66720 Tautavel (France) 

Anne-Marie MOIGNE
UMR 7194, MNHN, CNRS, Histoire naturelle de l’Homme préhistorique, 

Musée de l'Homme, 75116 Paris (France)
and EPCC -  Centre européen de recherche préhistoriques, 

Av. Léon-Jean Grégory, 66720 Tautavel (France)

Submitted on 30 September 2019 | Accepted on 3 December 2019 | Published on 14 December 2020

Taphonomic analysis of horse remains from Mousterian 
and Aurignacian Units from Bize-Tournal Cave 
(Aude, France)

http://www.cr-palevol.fr
http://sciencepress.mnhn.fr/fr/auteurs/juan-marin
mailto:Juan.marin.hernando@gmail.com
http://sciencepress.mnhn.fr/fr/auteurs/antonio-rodriguez-hidalgo
http://sciencepress.mnhn.fr/fr/auteurs/palmira-saladie
http://sciencepress.mnhn.fr/fr/auteurs/nicolas-boulbes
http://sciencepress.mnhn.fr/fr/auteurs/pierre-magniez
http://sciencepress.mnhn.fr/fr/auteurs/agnes-testu
http://sciencepress.mnhn.fr/fr/auteurs/anne-marie-moigne


188 COMPTES RENDUS PALEVOL • 2020 • 19 (11) 

Marín J. et al.

INTRODUCTION

In the Palaearctic area, caves were the focus for occupation 
by hominins and carnivores. In fact, these taxa shared several 
characteristics that included diet (importance/dependence 
on ungulates), social organisation, the types of food resource 
catchment zones, and the use of shelters (Brugal & Fosse 
2004). These common features must have led them to interact 
fairly frequently (Binford 1981; Brain 1981; Capaldo 1997; 
Daujeard & Moncel 2010; Egeland et al. 2004; Patou-Mathis 
2012; Selvaggio 1998). Carnivores were actively involved in 
the accumulation and modification of bone assemblages at the 
large majority of Pleistocene sites (e.g. Binford 1981; Brain 
1981; Brugal & Fosse 2004; Egeland et al. 2004; Faith & 
Behrensmeyer 2006; Saladié et al. 2017; Stiner 2010). For 
this reason, understanding the role of carnivores as tapho-

nomic agents has been crucial in zooarchaeological studies 
focused on reconstructing site formation (Faith & Behrens-
meyer 2006; Lacruz & Maude 2005; Mills & Mills 1977). 
With the aim a large number of ethological and actualistic 
studies have been developed (Andrés et al. 2012; Arriaza 
et al. 2016; Binford 1981; Brugal & Fosse 2004; Cruz-Uribe 
1991; Domínguez-Rodrigo & Piqueras 2003; Domínguez-
Rodrigo et al. 2012; Fourvel et al. 2012; Gidna et al. 2015; 
Kruuk 1972; Pokines & Peterhans 2007; Selvaggio 1994). 

All carnivorous mammals modify the bones of their prey 
to some degree. Large canids (tribe Canini or wolf-like 
canids; genera Canis, Lycaon, and Cuon) have been studied as 
significant bone modifiers (Binford 1981; Sala et al. 2012); 
some authors have characterised them as bone accumulators 
(Binford 1981; Fourvel et al. 2012; Mallye et al. 2012; Stiner 
2002), while others classify them as agents of carcass dispersal 

urn:lsid:zoobank.org:pub:5832F936-5462-41A8-89CB-1358EA2C3514

Marín J., Rodríguez-Hidalgo A., Saladié P., Boulbes N., Magniez P., Testu A. & Moigne A.-M. 2020. — Taphonomic 
analysis of horse remains from Mousterian and Aurignacian Units from Bize-Tournal Cave (Aude, France). Comptes 
Rendus Palevol 19 (11): 187-213. https://doi.org/10.5852/cr-palevol2020v19a11

ABSTRACT
The study of ungulate assemblages is essential to understand hominins and carnivore behavior and 
interactions. For this reason, many studies involve the taphonomic analysis of faunal remains, focus-
ing on the identification of the various biotic actors. This study looks at the horse assemblages from 
Mousterian and Aurignacian Units I, II and III from Bize-Tournal cave with the aim to character-
izing the nature of this accumulation. Here we show that the horse remains in these units are mainly 
the consequence of carnivoran activity. Unit II also clearly evidences the fact that the assemblage is 
the result of hyena activity. Our analysis indicates a predominance of cranial remains and lower long 
limb bones (metapodials). The mortality profiles of the three units are different, although two are 
classic of a cursorial predator. Taphonomical and statistical analysis indicated that carnivores were 
the main modifying agent at the three units. Our results demonstrate that hominins played a minor 
role in horse accumulation. Additionally, it seems that there was little difference in the exploitation 
in this specie by Mousterian and Aurignacian groups, and this probably took place during short, 
sporadic hominin occupations.

RÉSUMÉ
Analyse taphonomique des restes de chevaux des unités moustériennes et aurignaciennes de la grotte de Bize-
Tournal (Aude, France).
L’étude des assemblages d’ongulés est essentielle pour comprendre le comportement et  les interactions 
entre hominidés et carnivores. Pour cette raison, de nombreuses études impliquent l’analyse tapho-
nomique des restes de faune, en se concentrant sur l’identification des différents acteurs biotiques. 
Cette étude examine les assemblages de chevaux des Unités I, II et III (moustériennes et aurigna-
ciennes) de la grotte de Bize-Tournal dans le but de caractériser la nature de cette accumulation. 
Nous montrons ici que les restes de cheval dans ces unités sont principalement la conséquence de 
l’activité de mammifères carnivores. L’Unité II met également en évidence le fait que l’assemblage 
est le résultat de l’activité de la hyène. Notre analyse indique une prédominance des restes crâniens 
et des os de membres inférieurs longs (métapodes). Les profils de mortalité des trois unités sont 
différents, bien que deux soient classiques d’un prédateur coureur. Des analyses taphonomiques 
et statistiques ont montré que les carnivores étaient le principal agent modificateur dans les trois 
unités. Nos résultats démontrent que les hominines ont joué un rôle mineur dans l’accumula-
tion des restes de chevaux. De plus, il semble qu’il y ait eu peu de différences dans l’exploitation 
de cette espèce par les groupes moustériens et aurignaciens, et cela s’est probablement passé pendant 
des occupations courtes et sporadiques d’hominines.

KEY WORDS
Mousterian,
Aurignacian,
carnivorans,
Taphotype,

hyena,
horse.
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(Yravedra et al. 2011, 2012). Several studies converge on the 
limited capability of the large and medium felids (genera 
Panthera, Puma, and Acinonyx) to modify bones. As recently 
proved, medium-sized felids, like the leopard (Sauqué & 
Sanchis 2017; Sauqué et al. 2014, 2018), are true bone 
accumulators, although lions can be bone accumulators 
under determined conditions (Arriaza et al. 2016; Brain 
1981; Stiner et al. 2012). However, their position in the 
food web and their gregarious behaviour indicate that this 
species is not a typical bone collector (Schaller 1972). Other 
carnivores commonly present in Pleistocene assemblages 
were the various species of bear (Pinto & Andrews 2004; 
Pinto et al. 2005; Sala et al. 2014; Stiner 2010; Stiner et al. 
1996, 1998). Their remains are particularly abundant as the 
result of death during hibernation, meaning bear skeletons 
are common at sites used as hibernation dens (Stiner 2010). 
Actualistic studies of brown and black bears indicate that 
these carnivores were bone modifiers but not bone accu-
mulators (McNamee 1990; Rogers 1981). The taphonomic 
signal generated by these taxa has been described in both 
actualistic (Arilla et al. 2014; Sala & Arsuaga 2013; Saladié 
et al. 2013) and archaeological contexts (Fernández-Jalvo & 
Andrews 2011; Pinto & Andrews 2004; Stiner 2010). The 
three species of extant hyena, brown hyena (Parahyaena 
brunnea Thunberg, 1820) (Lacruz & Maude 2005; Mills & 
Mills 1977; Skinner & Aarde 1991), striped hyena (Hyaena 
hyaena  Linnaeus, 1758) (Becker & Reed 1993; Kempe 
et al. 2006), and spotted hyena (Crocuta crocuta  Erxleben, 
1777) (Egeland et al. 2008; Faith 2007; Fourvel et al. 2015; 
Mills & Mills 1977; Skinner et al. 1986) are the most stud-
ied species because they are among the highest-volume bone 
accumulators (Cruz-Uribe 1991; Kuhn et al. 2010; Lam 
1992; Pickering 2002; Skinner et al. 1986; Stiner 1991a). 

The transition between Mousterian and Aurignacian have 
been widely studied (Boyle 2000; Chase 1989; Clark 1997; 
Gaudzinski-Windheuser & Niven 2009; Grayson & Delpech 
2008, 2003, 2002; Hoffecker 2009; Marean 2005; Marín-
Arroyo et al. 2018; Mellars 1973, 2004; Straus 2013; Tagli-
acozzo et al. 2013). For the point of view of faunal studied 
some works proposed a progressively specialization in hunting 
strategies (Mellars 1973, 2004). Altough, another tendency 
of studies defend that didn’t existed great differences between 
Mousterian and Aurignacian hunting at the first moments 
Middle-Upper Palaeolithic transition (e.g. Grayson & Delpech 
2002; Otte 1990; Straus 2013).

This paper focuses on a complete zooarchaeological and 
taphonomic analysis of the horse remains from the Mouste-
rian and Aurignacian levels of Bize-Tournal Cave. Our goal 
is to clarify the origin of the horse accumulations and their 
taphonomic history, a point of special interest is identifying the 
role played by humans and carnivores in the accumulation of 
this species. The horse assemblage of Bize-Tournal constitutes 
a good sample in which to investigate the carnivore/hominin 
procurement of this species, considering the large number 
of remains recovered from this cave. In addition, we try to 
identify possible differences in horse management between 
Mousterian and Aurignacian hominin groups.

BIZE-TOURNAL

Bize-Tournal Cave is situated in southern France (43°20’N, 
2°52’E), approximately 20 km north of Narbonne and 2.5 km 
north from Bize-Minervois. Located in the foothills of the lime-
stone massif “La Montagne Noire”, which flanks the Mediter-
ranean Sea, the cave is on the left banks of the Cesse River. The 
cave was discovered and excavated by P. Tournal in 1827, and the 
site became a reference for the first prehistoric and taphonomic 
studies (Tournal 1829, 1828, 1827). The last excavations of the 
Pleistocene horizons were conducted between 1970 and 1987 by 
A. Tavoso in a preserved area of approximately 75 m2. He found 
a well-stratified sequence from the Mousterian to the Magda-
lenian period, which provides record to the regional transition 
from the Middle to Upper Palaeolithic (Tavoso 1987a, 1987b).

At least 11 levels have been identified in four units. Unit I 
(level A) is characterised by highly weathered coarse gravel, 
alternating with greenish plastic clays and clayey silts. The 
bone assemblage was strongly biased due to post-depositional 
water- and karst-related modification. Unit II (level B/C and 
D1/D2) is a 0.5 to 2 m-thick complex, formed of brown clay 
alternating with silts and clayey silty sands. It contains archaeo-
logical layers with very rich assemblages of large mammals and 
lithic series. The stratigraphy of Unit III is clearer: the lower 
part comprises clayey gravelly silts and brecciated gravels with 
limited archaeological material (level E1, after Tavoso 1987a; 
F1-F2, after Patou-Mathis 1994); the middle part is formed 
of a pink breccia and yellow clayey silt and is archaeologically 
sub-sterile (level E2, sub-sterile); the upper layer is a breccia 
with a relatively richer archaeological series (level E3, after 
Tavoso 1987a; F3-F4, after Patou-Mathis 1994). The lowest 
layers comprise fine gravel with a silty matrix whereas the 
upper ones are hard breccia. Archaeological levels G and H 
(Unit IV) are characterised by abundant lithic and faunal 
remains. Unit IV contains the most significant archaeological 
records and bellow to Magdalenian cultural period.

The dating of the archaeological sequence is based on series 
of charcoal samples (non-calibrated dates), horse bones and 
teeth (uranium dating), and cervid and bovid bones (non-
destructive gamma-ray spectrometry and electron spin reso-
nance [ESR]) (Bischoff et al. 1988; Yokoyama et al. 1987). The 
most consistent results indicate that the Mousterian horizon 
from Unit II is between 56 200 ± 1700 B.P. cal. (Bischoff et al. 
1988) and 38 000 ± 8000 B.P. cal. (Yokoyama et al. 1987). 

Table 1. — Archaeological levels included on this study of Bize-Tournal Cave. 
Units from: a, Tavoso (1987a); b, Patou-Mathis (1994). Dating from Yokoyama 
et al. (1987). Ages in ka B.P., radiocarbon dates uncalibrated.

Period Unit Level Dates

Aurignacian III E3a
E2a
E1a

F3F4b
F1F2b >29 a B.P. (Ly1895) (14C)

>35.8 a B.P. (Ly1898) (14C)

Mousterian II D1/D2a 33.6 ± 1.2 B.P. (Ly1676) (14C)
B/Ca 38 ± 8 a (ESR)

56.2 ± 1.7 a (U-series)
I Aa
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The Aurignacian horizon from Unit III is dated as 29 000 B.P. 
and 35 800 B.P. (Yokoyama et al. 1987) (Table 1).

The lithic tools from Units I and II correspond to denticulate 
Mousterian with non-laminar Levallois flakes, with practi-
cally no technological and typological variations (Chacón 
2009; Lumley 1971; Lumley & Isetti 1965; Tavoso 1987b). 
From Unit III, an early Aurignacian technology with Dufour 
bladelets has been recovered, and there is a typical Aurignacian 
layer dominated by end scrapers (Sacchi 1986; Tavoso 1987b).

A total of seven ungulate species and seven carnivore taxa 
(Magniez 2009) (Table 2) have been identified from the 
Mousterian levels. The most numerous ungulates in Units I, 
II and III is Equus ferus  Boddaert, 1785, followed by Rangifer 
tarandus Linnaeus, 1758 and Bos/Bison sp. Linnaeus, 1758  
(Table 2). Ursus spelaeus was the most abundant carnivore 
taxon in all the units, followed by Panthera pardus Linnaeus, 
1758 (Unit I), and Crocuta crocuta spelaea Goldfuss, 1823 
(Units II and III) (Table 2). The Mousterian phase involved 
short-term, recurrent hominin occupations, essentially focused 
on the exploitation of horse, reindeer, and large bovids, through 
collective hunting, while giant deer, red deer, ibex, and wild 
boar remains were accumulated by carnivores, especially the 
cave hyena (Magniez 2009, 2010; Magniez & Boulbes 2014). 

The horse from Tournal corresponds to a medium-sized horse 
with “heavy” proportions and broad muzzle. The skeleton 
shows a clear decrease in body size through the stratigraphy 
(Magniez & Boulbes 2014). The remains from Units I and II 
correspond to the chrono-subspecies Equus ferus germanicus  
Nehring, 1804, those from Unit III (and Unit IV) can be 
attributed to E. f. gallicus Prat, 1968. Body mass estimations 
vary between 400 and 480 kg in the Unit II and 380-450 kg 
in the Unit III. Another particular feature of Tournal horse is 
the strong diaphysis robustness of the metapodials. This pattern 
corresponds to an ecomorphological trait correlated to the 
high level of humidity (Boulbes & van Asperen 2019).

MATERIAL AND METHODS

The Equus ferus remains analysed come from the Tavoso exca-
vation, focused on the three first units: the Mousterian Unit I 
(Number of identified specimens (NISP) = 51) and Unit II 
(NISP = 767); and the Aurignacian Unit III (NISP = 266) 
(Table 2). In this study were included coordinate bone splin-
ters identified as horse remains after a survey of the unidenti-
fied remains of the faunal assemblages, which allows to have 
a more complete corpus to discuss the impact the different 
taphonomic agents.

The features described for each specimen are element, taxa, 
size, face (anterior, posterior, lateral or medial), portion, 
lateralisation (right/left), and age-at-death group. We have 
used four quantitative units: number of identified specimens 
(NISP); minimum number of elements (MNE); the stand-
ardised expression of the minimum number of animal units 
(%MAU); and the minimum number of individuals (MNI) 
(Binford 1984; Grayson 1984). Following Domínguez-Rodrigo 
(1997), to represent skeletal parts, the carcasses were divided 
into anatomical segments: head (cranium, mandible, hyoid, 
and teeth); axial (vertebrae, ribs); and appendicular (limb 
bones). Long bones were divided into upper limb bones 
(humerus and femur), intermediate limb bones (radius/ulna 
and tibia), and lower limb bones (metapodials).

We used the Spearman’s rank-order to test the correlation 
between %MAU of each portion of the elements and bone 
mineral density (Lam et al. 1999), to identify any possible 
differential destruction of less dense portions of bones. 

Age of death and seasonality was determined through a study 
of the teeth, considering the time of eruption, replacement 
of teeth, and the degree of occlusal surface wear and root 
development (Fernandez & Legendre 2003; Forsten & Moigne 
1998). Isolated teeth were analysed together with the dental 
series. Anatomical refitting was performed based on lateralisa-

Table 2. — Number of identified specimens (NISP), minimum number of individuals (MNI) and frequencies (%) of large mammals in Bize-Tournal Cave. 
Data from Magniez (2009). 

Taxa

Unit I Unit II Unit III

NISP %NISP MNI %MNI NISP %NISP MNI %MNI NISP %NISP MNI %MNI

Bos primigenius / Bison priscus Linnaeus, 1758 2 2.2 1 3.3 190 10.3 20 11.1 27 5.0 7 11.5
Capra praepyrenaica / Capra pyrenaica Schinz, 
1838

1 1.1 1 3.3 143 7.7 23 12.7 8 1.5 4 6.6

Megaloceros giganteus Blumenbach, 1799 – – – – 50 2.7 8 4.4 – – – –
Cervus elaphus Linnaeus, 1758 1 1.1 1 3.3 41 2.2 7 3.8 – – – –
Rangifer tarandus Linnaeus, 1758 24 25.8 5 16.8 194 10.5 17 9.4 170 31.3 16 26.2
Sus scrofa Linnaeus, 1758 – – – – 14 0.8 6 3.3 – – – –
Equus ferus germanicus Nehring, 1804 51 54.8 14 46.7 767 41.4 25 13.8 – – – –
Equus ferus gallicus Prat, 1968 – – – – – – – – 266 48.9 7 11.5
Caelodonta antiquitatis Blumenbach, 1807 – – – – 10 0.5 3 1.7 1 0.2 1 1.6
Ursus spelaeus Rosenmuller, 1794 11 11.8 6 20 299 16.1 32 17.7 32 5.9 8 13.1
Ursus arctos Linnaeus, 1758 1 1.1 1 3.3 8 0.4 4 2.2 1 0.2 1 1.6
Crocuta crocuta spelaea Goldfuss, 1823 – – – – 91 4.9 19 10.5 23 4.2 9 14.7
Canis lupus Linnaeus, 1758 – – – – 20 1.1 6 3.3 7 1.3 4 6.6
Vulpes vulpes Linnaeus, 1758 – – – – 18 1.0 5 2.8 9 1.7 4 6.6
Panthera leo spelaea Goldfuss, 1810 – – – – 4 0.2 3 1.7 – – – –
Panthera pardus Linnaeus, 1758 2 2.2 1 3.3 1 0.1 1 0.5 – – – –
Lynx lynx Linnaeus, 1758 – – – – 2 0.1 2 1.1 – – – –
Total 93 100 30 100 1852 100 181 100 544 100 61 100



191 

Taphonomic analysis of horse

COMPTES RENDUS PALEVOL • 2020 • 19 (11)

tion, wear, and size, and this permitted an accurate MNE and 
MNI to be obtained for the mandibles and maxillae. The horse 
birthing period, between spring and early summer, has been 
taken as standard (Burke 2002; Levine 1983). Horse mortal-
ity curves were created by identifying age of death (Fernandez 
et al. 2006). Following Fernandez & Legendre (2003) and 
Fernandez et al. (2006), we calculated the parameters of life 
tables. The individuals were grouped into the groups juvenile, 
prime adult, and old and plotted in a ternary plots according 
with Stiner (1990) and Discamps & Costamagno (2015).

Following Bunn (1983) and Villa & Mahieu (1991), shaft 
circumference, shaft length, and the fracture outline, angle 
and edge were listed to explore the nature of the fragmenta-
tion observed in the assemblage. We considered the ratio of 
limb bone shaft fragments (NISP) to epiphyseal specimens 
(Blumenschine & Marean 1993; Marean & Spencer 1991), 
and the percentage of change in the epiphysis of the long bones 
[(MNE before ravaging-MNE after ravaging)/(MNE before 
ravaging)*100] (Blumenschine & Marean 1993) using the 
total MNE according to Domínguez-Rodrigo et al. (2002), 
assuming that each element was represented by two epiphyses.

The carnivore modifications identified were pits and scores 
(Binford 1981; Johnson 1985; Maguire et al. 1980), furrow-
ing (Brain 1981; Haynes 1983), pitting (Binford 1981) and 
digested remains (Sutcliffe 1970). The dimensions of the pits 
and scores were determined using the criteria of Domínguez-
Rodrigo & Piqueras (2003) and Andrés et al. (2012) and these 
were compared with the experimental data of Selvaggio (1994), 
Delaney-Rivera et al. (2009), Andrés et al. (2012), and Saladié 

et al. (2013). The type, delineation, location, and positions 
of the cut marks on the bones allowed the identification of 
butchering activities (Binford 1981; Domínguez-Rodrigo et al. 
2009; Galán & Domínguez-Rodrigo 2013; Nilssen 2000; 
Shipman & Rose 1983). The post-depositional modifications 
identified were rounding, polishing, fissures, concretions, and 
manganese oxides stains, and these were recorded as being 
present or absent for each specimen. 

We followed the method of Domínguez-Rodrigo et al. 
(2015), who classified upper and intermediate long bones 
into different taphotypes according to the carnivore modifi-
cations (presence/absence; location of furrowing and tooth 
marks). This method is used to evaluate only long limb bones 
(humerus, femur, radius-ulna, tibia) that preserve their complete 
diaphyseal circumference (Domínguez-Rodrigo et al. 2015). 

RESULTS

Anatomical profiles and bone preservation

Unit II contained the largest number of horse remains accord-
ing the NISP and MNE, followed by Unit III, and finally 
Unit I (Table 3). According to the NISP, the most numerous 
remains in all layers were isolated teeth, followed by long 
limb bones (humerus in Unit I and metapodials in Units II 
and III) (Table 3). The anatomical distribution of %MAU 
used to estimate the anatomical profiles indicated a predomi-
nance of skulls (cranium and mandible) in Unit I, followed 
in importance by coxa and humerus remains, with values of 

Table 3. — Estimated number of identified specimens (NISP), minimum number of elements (MNE) and frequencies (%) of horse elements by archaeological 
unit at Bize-Tournal. 

Unit I Unit II Unit III

 NISP %NISP MNE %MNE  NISP %NISP MNE %MNE  NISP %NISP MNE %MNE

Cranium – – 7 30.4 19 2.5 25 7.8 1 0.4 10 11.5
Mandible 4 7.8 7 30.4 30 3.9 37 11.6 12 4.5 23 26.4
Isolated teeth 35 68.6 – – 341 44.5 – 0.0 171 64.3 –  
Vertebra – – – – 6 0.8 4 1.3 1 0.4 1 1.1
Rib – – – – 11 1.4 7 2.2 3 1.1 1 1.1
Scapula 2 4 2 8.6 8 1.0 4 1.3 –   –  
Coxal bone – – – – 31 4.0 19 6.0 5 1.9 4 4.6
Humerus 3 5.8 2 8.6 20 2.6 9 2.8 5 1.9 2 2.3
Radius/ulna – – – – 29 3.8 20 6.3 7 2.6 3 3.4
Carpal – – – – 3 0.4 3 0.9 3 1.1 3 3.4
Metacarpal – – – – 55 7.2 35 11.0 13 4.9 5 5.7
Metacarpal 
vestigial

– – – – 7 0.9 7 2.2 3 1.1 3 3.4

Femur 1 2 1 4.4 30 3.9 16 5.0 8 3.0 3 3.4
Patella 1 2 1 4.4 4 0.5 4 1.3 –   –  
Tibia – – – – 52 6.8 23 7.2 9 3.4 5 5.7
Astragalus 1 2 1 4.4 18 2.3 16 5.0 6 2.3 6 6.9
Calcaneum – – – – 12 1.6 11 3.4 1 0.4 1 1.1
Tarsal – – – – 7 0.9 7 2.2 3 1.1 3 3.4
Metatarsal 3 5.8 1 4.4 49 6.4 40 12.5 4 1.5 4 4.6
Metatarsal 
vestigial

– – – – 3 0.4 3 0.9 –   –  

Sesamoid – – – – 3 0.4 3 0.9 1 0.4 1 1.1
Phalanx I – – – – 9 1.2 8 2.5 4 1.5 3 3.4
Phalanx II – – – – 8 1.0 8 2.5 3 1.1 3 3.4
Phalanx III 1 2 1 4.4 12 1.6 10 3.1 3 1.1 3 3.4
Total 51 23 767 319 266 87
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less than 20%. Unit II presented the greatest values of %MAU 
for mandibles, followed by cranium remains, metatarsal and 
metacarpal. After these elements, the next most important 
were: tibia, radius/ulna, and femur. The post-cranial axial 
skeleton presented an irregular distribution, with a value of 
around 40% for coxa and values of less than 10% for scapula, 
ribs and vertebrae. From the carpals and tarsals were better 
represented astragalus and calcaneus bones (Fig. 1). Unit III 
was dominated by skull elements, followed astragalus, tibia, 
metacarpal and coxal bones (Fig. 1). 

In Units II and III we identified a significant and positive 
statistical correlation between the bone mineral density of 
anatomical portions and their %MAU (Unit II: rs = 0.394, 
p = 0.0001/Unit III: rs = 0.3, p = 0.003) (Fig. 4). In Unit 
I there was no significant correlation between %MAU and 
bone density (rs = 0.160, p = 0.128). These results indicate 
bone-mediated attrition of less dense parts in Units II and III. 

Mortality profiles and mortality curves

The percentages of dental preservation between the right and 
left teeth clearly indicate good preservation of the original 
deposits (Table 4).

For MNI, the unit with most individuals was Unit II 
(MNI = 25), followed by Unit III (MNI = 14), and then Unit I 
(MNI = 7) (Table 5). Units I and III were dominated by prime-
adult individuals. In Unit II, juveniles were the most numerous, 
although there was also a significant number of prime adults.

The juvenile individuals identified in Unit I must have 
died during the summer/autumn. In Unit II, the wear and 
eruption of the juvenile teeth indicates that they were killed 
in all seasons; some individuals with decidual dentition were 
recovered with no wear, and in some cases the dentition was 
not completely formed, indicating that these animals died in 
their first weeks of life, in addition to individuals with decidual 
dentition with all degrees of wear. Unit III presented a similar 
seasonal pattern to that found in Unit II, with multi-seasonal 
death, including the birth period (Table 5).

The mortality profiles differ significantly between the units. 
In terms of frequency (fx), the proportion of juvenile indi-
viduals was similar in Units II and III, but these are less well 
represented in Unit I; in contrast, the proportion of adults was 
more important in Units I and III than Unit II. Old individuals 
were better represented in Units II and III, with none present 
at all in Unit I (Fig. 2). Indeed, Unit I contained no remains 
of adults older than 15 years (Table 6). The mortality based 
on life tables indicated for Unit I shows an increase in animals 
between 9 and 15 years old, with no older individuals. Unit II 
presents a moderate L-shaped mortality curve (Fig. 2). In Unit 
III, individuals aged between 0-3 and 6-12 years were the best 
represented, with a bias towards individuals aged 3-6 years. An 
exponential increase in mortality rates (qx) was identified for 
adult individuals in Units I and III, and a regular increase in 
mortality in Unit II for all age groups (Fig. 2). The survivor-
ship (lx) obtained for all the samples corresponds to a regular 

Table 4. — The total sample number of identified specimens (NISP) and minimum number of individuals (MNI), the frequency of right and left teeth and the differential 
preservation rate.

Cultural Attribution Unit
Tooth/Dental 
NISP(MNI) Left teeth Right teeth Total expected

Differential 
preservation (%)

Aurignacian Unit III 97 (14) 36 61 122 79.5
Mousterian Unit II 342 (25) 164 178 356 96.06

Unit I 34 (7) 17 16 34 97.05

Table 5. — Minimum number of individuals (MNI) by age categories, frequencies (%), seasonality, and interpreted mortality. 

Cultural Attribution Unit

MNI (MNI%)

Seasonality MortalityJuvenile Prime adult Old Total

Aurignacian Unit III 4 (28.57) 8 (57.14) 2 (14.29) 14 Annual Catastrophic
Mousterian Unit II 11 (44) 9 (36) 5 (20) 25 Annual Attritional

Unit I 1 (14.29) 5 (71.43) 1 (14.29) 7 Seasonal (Summer-Fall) Prime-dominated

Table 6. — Life tables of horses from Units I, II, and III.

Age group

Frequency (fx) Mortality (qx) Survival (lx) Killing factor (kx)

Unit I Unit II Unit III Unit I Unit II Unit III Unit I Unit II Unit III Unit I Unit II Unit III

0-3 6.89 20.43 23.18 6.89 20.43 23.18 100 100 100 0.39 0.11 0.9
3-6 17.24 15.69 2.89 18.51 19.72 3.77 93.10 79.56 76.81 0.38 0.019 0.81
6-9 41.37 16.42 18.84 54.54 25.71 25.49 75.86 63.86 73.91 0.12 0.05 0.18

9-12 31.03 14.59 28.98 90 30.76 52.63 34.48 47.45 55.07 0.95 0.22 0.3
12-15 3.44 8.75 14.49 100 26.67 55.56 3.44 32.84 26.08 0 0.06 0.39
15-18 0 10.21 5.79 0 42.42 50 0 24.08 11.59 0 0.27 0.6
18-21 0 5.47 1.44 0 39.47 25 0 13.86 5.79 0 0.18 0.47
21-25 0 8.39 4.34 0 100 100 0 8.39 4.34 0 0 0.9
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decrease in the successive groups, most highlighted in Unit 
I from the age of 6 and accentuated in Unit III from 9 years 
old. In contrast, the curve for Unit II shows a slowly linear 
decrease (Fig. 2). Predation considered in the Killing Factor 
(Kx) indicated higher values of K in Units I (K = 1.8) and 
III (K = 3.6) and lower values in Unit II (K = 0.9), revealing 
a more stable predation structure.

The mortality profiles indicate a prime-adult dominated 
profile in Unit I, an attritional profile in Unit II, and a cata-
strophic profile in Unit III (Fig. 3). All the mortality profiles 
fall into the juvenile/prime/old areas, designed by Discamps 
and Costamagno (Discamps & Costamagno 2015). 

Bone assemblage integrity

With regard to fragmentation, a high percentage of com-
plete remains was found in all the units (Unit I = 68.6%; 
Unit  II = 51%; Unit III = 50.6%). Of these, the majority 
were dental remains (Unit I = 88.5%; Unit II = 72.4%; Unit 
III = 84.4%), follow by articular bones (Unit I = 2.8%; Unit 
II = 7.6%; Unit III = 10.6%), and phalanges (Unit I = 8.5%; 
Unit II = 4.8%; Unit III = 4.6%). An elevated percentage 
of long limb bones were complete in Units II and III. From 
Unit II, a total of 54 complete metapodials (metacarpal = 28 
(50.9%); metatarsal = 26 (52%)) two radius (8%) and one 
tibia 52 (1.9%) were recovered. In Unit III, three complete 
metapodials (metacarpal = 2 (15.3%); metatarsal = 1 (25%)) 
were found. No complete long bones were recorded from Unit I.

The percentage of long limb bone diaphyses with less than 
one-quarter of their original length preserved were 37.5% in 
Unit I, 34.8% in Unit II, and 55.8% in Unit III; those with 
less than one third of their original circumference were 37.5% 
in Unit I, 39.4% in Unit II, and 51.1% in Unit III. This 
indicates a moderate degree of fragmentation and is related 
to the high number of complete bones and those remains 

that preserve the complete length and circumference of the 
shaft, formally mid-shaft cylinders (Unit I = 37.5%; Unit II = 
47.1%; Unit III = 34.8%). 

Analysis of long limb bone breakage indicated that the most 
common combination of fracture edge features in all levels 
were transversal delineations, mixed angles, and smooth sur-
faces (Unit I = 28.5%; Unit II = 25.8%; Unit III = 35.8%), 
indicating that the fractures predominantly occurred when 
the bones were dry. The second most frequent combination 
of fractures were: curve delineations, oblique angles, and jag-
ged surfaces in Unit I (21.4%); longitudinal, oblique, and 
smooth surfaces in Unit II (15.1%); and longitudinal, right, 
and smooth in Unit III (16.4%). The combination of curve 
delineation and oblique angles were recorded in 7.1% of the 
long limb bones from Unit I, 12.1% from Unit II, and 8.9% 
from Unit III; these could be related to green bone breakage.

During the analysis of MNE it was possible to appreciate an 
imbalance in the representation of certain parts of limb bones 
(Fig. 5). In Unit I, fragments of epiphyses and near epiphyses 
were better represented than humerus, femur, and metatarsal 
mid-shaft portions. In Unit II, only humerus and femur bones 
presented a large proportion of mid-shaft fragments with near 

Fig. 1. — Standardized expression of the minimum number of animal units (%MAU) distribution by elements of horse remains from Units I, II, and III from Bize-Tournal. 
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Table 7. — Total number and percentage of remains by carnivore and human 
surface modifications. Number of identified specimens (NISP), number 
of remains (NR) and frequencies (%).

Unit I Unit II Unit III

Surface Modification NISP %NR NR %NR NR %NR

Pits and scores 4 7.8 234 30.5 10 3.8
Digested 0 0 17 2.2 0 0.0
Carnivore bone breakage 1 2 74 9.6 15 5.6
Cylinders 0 0 68 8.9 4 1.5
Cut-marked 0 0 6 0.8 5 1.9
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epiphyses and proximal and distal ends. Fewer distal epiphyses 
were found for tibia remains. Radius and metapodial bones 
were represented in equal proportions in all bone portions. 
The sample from Unit III was more diverse: the portions of 
humerus, femur and metapodial remains were similarly rep-
resented; no tibia distal epiphysis fragments were found, and 
no fragments of the proximal ends and shafts of radius bones 
were found (Fig. 5). The disappearance of epiphyses may also 
be related to the low proportion of axial skeleton remains. 

The percentage of change and the epiphysis-shaft ratio 
indicate a significant underrepresentation of epiphyses in 
Unit II (%change = 70.6; epiphysis/shaft = 0.3). These 
factors also reveal that about half the epiphyses were miss-
ing in both Unit I (%change = 66.7; epiphysis/shaft: 0.5) 
and Unit III (%change = 58.3; epiphysis/shaft = 0.5). The 
results of the linear regression between shaft/epiphysis ratio 
and percentage of Bize-Tournal Cave units with values of 
the Peninj sites and Syokimau indicate intense carnivore 

Fig. 2. — Mortality and survivorship curves. The abscissa axis indicates frequency values and the ordinate axis indicates age groups. Abbreviations: J, juvenile; 
P, prime-adult; O, old; JOP, juvenile/old/prime; JPO, juvenile/prime/old.
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ravaging, especially in Unit II, with more moderate activity 
in Unit III (Fig. 6).

Carnivore Modifications

In Units I, II, and III, carnivore-induced modification was 
the most commonly seen on horse bones. Tooth marks and 
carnivore bone breakage were the most numerous modifica-
tions (Table 7). If we exclude isolated teeth when generating 
the percentages, the rates of carnivore-modified bone increases 
to 25% in Unit I, 52.8% in Unit II, and 11.8% in Unit III. 
Anthropogenic modifications were identified exclusively in 
Units II and III, through the presence of cut marks. In addi-
tion, within Unit II, some remains presenting cut marks 
show a modification coincidence with carnivore tooth marks. 

The distribution of tooth marks on the anatomical portions 
indicated that in Unit I, 33.3% of appendicular elements 
(NISP: 4/12) had carnivore modifications, while the axial 
and cranial elements did not. In Unit II, 60.34% of the axial 
remains (NISP: 35/58), 54.31% of appendicular elements 
(NISP: 170/313), and 41.67% of cranial elements (NISP: 
20/48) bore carnivore modifications. In Unit III, 25% of 
the axial remains (NISP: 2/8), and 17.02% of appendicular 
elements (NISP: 8/47) displayed carnivore alterations, while 
none of the cranial specimens did. With regard to the distri-
bution of tooth marks on long bone portions, the remains 
from Unit I presented carnivore modifications on 33.3% 
of the near epiphyses (NISP: 1/3), 25% on the shaft frag-
ments (NISP: 1/4), and there were none on the epiphyses. 

Fig. 3.— Mortality profiles for horse samples. Ternary classification from Stiner (1990) and Discamps & Costamagno (2015). Abbreviations: J, juvenile; P, prime-
adult; O, old; JOP, juvenile/old/prime; JPO, juvenile/prime/old.
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Table 8.— Number of remains and frequency of remains with carnivore modifications by type of bones and anatomical part. 

Unit I

Long bones Flat bones Articular bones

Prox. Ep. Shaft Dist. Ep. Cortical Cancellous Compact bone

Pits 0/0 0/0 0/0 0/0 0/0 0/0
Scores 0/0 1/16.7 0/0 0/0 0/0 0/0
Punctures 0/0 0/0 0/0 0/0 0/0 0/0
Pitting 0/0 3/50 0/0 0/0 0/0 0/0

Unit II

Long bones Flat bones Articular bones

Prox. Ep. Shaft Dist. Ep. Cortical Cancellous Compact bone

Pits 2/0.9 17/7.6 0/0 2/3.4 1/1.7 0/0
Scores 5/2.2 35/15.6 5/2.2 11/19 0/0 4/10
Punctures 1/0.4 2/0.9 0/0 0/0 1/1.7 1/2.5
Pitting 2/0.9 46/20.4 6/2.7 43/74.1 0/0 11/27.5

Unit III

Long bones Flat bones Articular bones

Prox. Ep. Shaft Dist. Ep. Cortical Cancellous Compact bone

Pits 0/0 1/14.3 0/0 0/0 0/0 0/0
Scores 0/0 0/0 0/0 0/0 0/0 0/0
Punctures 0/0 0/0 0/0 0/0 0/0 0/0
Pitting 0/0 4/57.1 0/0 2/100 0/0 0/0
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In Unit II, 66.3% of shaft fragments presented modifications 
(NISP: 59/89), as did 46.03% of the near epiphyses (NISP: 
29/63), and 7.7% of the epiphyses (NISP: 1/13). Addition-
ally, 59.7% of the complete long bones evidenced carnivore 
modifications (NISP: 34/57). Finally, in Unit III, 25% of near 
epiphyses (NISP: 3/12) presented some type of tooth marks, 
as did 14.29% of the epiphyses (NISP: 1/7), and 13.1% of 
the shafts (NISP: 3/23). Cylinders were especially numer-
ous in Unit II (NISP = 68). Tooth marks were abundant on 

compact bones, especially phalanx remains (NISP: Unit I = 2; 
Unit II = 23; Unit III = 1). These modifications could explain 
the lower presence of these types of bones in the assemblage, 
as they were probably consumed by carnivores (Cruz-Uribe 
1991; Marean 1991). Digested bones were identified exclu-
sively in Unit II, with a total of 17 specimens, comprising 
11 complete remains and six bone fragments. The complete 
remains were: 6 isolated teeth corresponding to the superior 
and inferior dentition of juvenile and adult individuals; two 
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Fig. 4. — Statistical correlation between the standardized expression of the minimum number of animal units (%MAU) and bone mineral density. 

Table 9. — Number of remains with furrowing on long bones by section. Numerators are for the number of elements with damage. Denominators are for the total 
number of elements (sections). Frequency are in brackets.

Humerus 
prox

Humerus 
dist

Radius 
prox

Radius 
dist

Ulna 
prox

Femur 
prox

Femur 
dist

Tibia 
prox

Tibia 
dist

Metapodial 
prox

Metapodial 
dist

Unit II 5/9 (55.6) 4/8 (50) 4/11 (36.4) 3/11 (27.3) 1/2 (50) 9/12 (75) 7/19 (36.8) 11/17 (64.7) 3/24 (12.5) 28/74 (37.8) (36/76 (47.4)
Unit III 1/2 (50) 0/2 (0) 0/2 (0) 0/0 (0) 0/2 (0) 1/6 (16.7) 1/3 (33.3) 0/2 (0) 0/5 (0) 0/6 (0) 1/9 (11.1)
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proximal and two medial phalanges; and one petrosal bone. 
The fragmented specimens with evidence of digestion were: 
one tibia fragment; one metapodial; the head of a rib; one 
calcaneus fragment; and two long bone fragments. 

With regard to the type of carnivore modification in 
Unit I, scores and pits were identified on long bone shafts 

(Table 8). In Unit II, tooth marks were identified on all the 
elements and portions of the horse carcasses. It was possible 
to verify the presence of pits, scores, punctures, and pitting 
(Table 8) (Fig. 7). On long bones, the modifications were 
more abundant on shaft fragments. On flat bones, such 
as the coxa, pitting modifications were the most abundant 
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Fig. 5. — Portions of the minimum number of elements (MNE) for limb bones by body size class. Abbreviations: DS, distal end; DSS, distal shaft; MSH, medium 
shaft; PRS, proximal shaft; PR, proximal end.

Table 10. — Dimensions (length and breadth) of tooth pits in the Unit II. Data include mean values, 95% confidence interval, standard deviation and minimum 
and maximum values documented at the sample. 

No Mean 95% confidence  interval lower 95% confidence  interval upper SD Min Max

Pits cortical Width 11 2.58 1.79 3.31 0.84 1.75 4.07
Length 11 3.83 2.66 4.91 1.45 1.33 6.53

Pits cancellous Width 8 4.49 2.51 6.41 1.88 2.07 6.82
Length 8 7.14 4.26 8.8 2.78 4.11 11.98

Scores cortical Width 104 2.01 1.21 2.38 1.22 0.53 8.13
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(Fig. 8). Compact bones showed high degrees of modifica-
tion, particularly phalanx remains, where 82.1% of the total 
presented tooth marks. In Unit III pits and pitting were 
identified on the shafts of long bones (Table 8). Furrowing 
was well represented, especially on long bone epiphyses 
(Table 9). Furrowing was the most abundant modification 
in Unit II, particularly on femur distal epiphyses and tibia 
proximal epiphyses (Table 9). In Unit III, furrowing was 
present on proximal humerus, and proximal and distal 
femur remains (Table 9). 
The pit measurements were treated statistically for Unit II, 
because this unit presented the majority of measurable 
modifications (Table 10). Unit III had one pit that could 
be measured, but Unit I had no measurable pits or score 
marks. With regard to the average dimensions of the pit 
and puncture marks, and considering their 95% confidence 
interval, the small size of the sample did not give a statisti-
cally significant result (Andrés et al. 2012) (Table 10; Fig. 9). 
However, the size of the modifications suggests the action of 
at least one large carnivore (Andrés et al. 2012; Selvaggio & 
Wilder 2001) (Fig. 9).

Taphotype

The results of the taphotype analysis for Unit I are included 
in Table 11. Differences in bone damage between the 
assemblage from Unit II and the equid samples modified 
by lions and hyenas were statistically significant (Table 12). 
The bootstrapped femur CA showed that the taphotypes 
indicated equal damage in dimensions 1 and 2 (inertia = 
49.2%; inertia = 45.1%) (Appendix 1). The modifications 
identified in Unit II show similarities with hyena modifi-
cations, especially on the proximal femur (Fig. 10A). The 
bootstrapped humerus CA revealed that taphotypes with 
greater proximal modifications have more influence in 
dimension 1 (inertia = 44.6%), whereas humerus taphotypes 
with distal modifications in dimension 2 (inertia = 30.1%) 
refer to different types of tooth marking (Appendix 2). This 
distribution separates the modifications seen in Unit II from 
lion modifications, although it shows a similar tendency 
between Unit II and hyenas, with high degrees of modi-
fications (Fig. 10B). The bootstrapped radius CA showed 
a two-dimensional solution, accounting for 100% of the 
inertia. Dimension 1 (inertia = 80.9%) showed the high 
degrees of bone destruction in Unit II in contrast to low 
levels of modification by lions (Fig. 11A) (Appendix 3). 
The bootstrapped tibia CA showed that taphotypes with 
greater modification have more influence on dimension 1 
(inertia = 43.9%), corresponding to captive hyenas and 
lions, whereas tibia taphotypes with lower modifications 
influence dimension 2 (inertia = 30.1%), corresponding 
to Taranguire lions and the Unit II assemblage (Fig. 11B; 
Appendix 4). These results indicate that the modifications 
of long bones in Unit II are similar to the modifications 
generated by hyenas. Even in cases where similarities with 
hyena modifications were not observed, the modifications in 
Unit II were still different to modifications caused by lions. 

Anthropogenic modifications

Anthropogenic modifications were scarce in Units II and III, 
and non-existent in Unit I. Cut marks were identified on 
six specimens in Unit II and five in Unit III (Table 13). 
Anthropogenic bone breakage was not identified. In Unit II, 
the cut marks were on long, flat bones, and in Unit III only 
at long bones. The cuts were exclusively slice marks (Fig. 13). 

In Unit II, cut marks were located on two femurs, two 
tibias, one mandible, and one coxa (Table 13). In Unit II 
defleshing activities were identified (Fig. 12): one femur 
showed a slice mark on the cranial side of the midshaft and 
on the inferior part of the supracondylar fossa, the first 
probably related to the extraction of the vastus intermedius 
muscle, and the second with the extraction of gastrocne-
mius muscle; the tibia had an incision on the popliteus line 
and lateral edge, both related to the extraction of popliteus 
muscle; the coxa had cut marks on the inferior edge related 
to the extraction of the iliac muscle; finally, on the man-
dible, the cut marks were documented on the labial face, 
below M2, related to the extraction of the masseter mus-
cle. In Unit III, cut marks were found on two humeri, two 

Table 11. — Description of CSI and CSII taphotypes (Domínguez-Rodrigo et al. 
2015) for Bize-Tournal Units and number of epiphyses identified. In brackets 
number of remains with the same modification. 

CSI

Element Unit II

Humerus h4 (2), h15 (7)
Femur f4 (2), f6, f15 (8)
Radius r0 (2), r4 (2), r6 (2), r11 (2), r12 (3), r15
Ulna u9, u12
Tibia t0, t2 (2), t3 (3), t4 (7), t6 (2), t15 (3)

CSII

Element Portion Unit II

Humerus Proximal hp1_3, hp6, hp7, hp5_6_7, hp5_6_8, 
hp5_6_7_8

Distal hd2, hd5_6_7_8
Femur Proximal fp0, fp2, fp4, fp1_2, fp2_4, fp1_2_3_4, 

fp5_6_7_8
Distal fd0, fd1_2, fd2_4, fd1_2, 3, 4, 

fd3_4_5_6_7_8, fd5_6_7_8
Radius Proximal rp0, rp3, rp5, rp7, rp5_6_7_8

Distal rd0, rd1, rd3, rd5, rd5_6_7_8
Ulna Proximal up0, up2_7_8

Distal ud0
Tibia Proximal tp0, tp1, tp3, tp5, tp1_2, tp1_2_3, Tp2_4, 

tp5_6_7_8, tp6_8
Distal td0, td2, td4, td8, td1_2_4, td2_4, 

td5_6_7_8

No epiphyses 30

Table 12. — Chi-square analyses of taphotypes samples. 

Element X2 df p

Femur 136.54 84 0.0002559
Humerus 162.26 78 7.285e-08
Radius 69.223 28 2.388e-5
Tibia 213.14 111 1.968e-8
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tibias, and one femur (Table 13). The distribution of cut 
marks on the Unit III remains indicated defleshing as the 
only butchering activity: the tibia remains presented slice 
marks on the popliteus line and on the medial side of the 
midshaft, related to the extraction of the popliteus muscle 
or medial flexor muscle; the humeri presented an incision 
on the epicondylar ridge, related to extraction of the anco-
naeus muscle, and posterior midshaft for the extraction of 
the coracobrachialis muscle; the femur had cut marks on 
the posterior side of the midshaft, related to the extraction 
of the vastus intermedius muscle.

In both units, the long limb bones with cut marks also 
presented green bone breakage features. This combination of 
cut marks and green breakage has been related to early access 
to animal carcasses by humans (Capaldo 1997; Domínguez-
Rodrigo & Barba 2006; Domínguez-Rodrigo & Pickering 
2003; Selvaggio 1994, 1998).

In Unit II, two remains with cut marks also presented car-
nivore tooth marks: one femur with scooping-out, and one 
coxal bone with pitting. In Unit III, none of the specimens 
with cut marks presented carnivore modifications.

Post-depositional modifications
The most common post-depositional modifications in Unit I 
were sediments cemented onto bones, followed by manga-
nese oxides stains and rounding. In addition, polishing and 
fissures were identified (Table 14). In Unit II, rounding, 
fissures and concretions presented the greatest proportions, 
followed by polishing and manganese oxide. Trampling was 
also identified. Finally, in Unit III concretions were the most 
common post-depositional modification, followed by fis-
sures, rounding and polishing. Manganese oxide stains and 
trampling were identified.

Fig. 6. — Distribution of epiphysis/shaft ratio and percentage of change from Bize-Tournal data, Peninj (Domínguez-Rodrigo et al. 2002) and hyena den of Syokimau 
(Egeland et al. 2008). 
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Table 13. — Number of remains with cut marks by type of element, location, morphology of marks and butchering activities. 

Element Number of remains with cut marks Location Cut marks morphology Activity

Unit II Mandible 1 Labial face Slicing marks defleshing
Coxa 1 lower edge of the neck of the ilium Slicing marks defleshing
Femur 2 Supracondylar fossa/lateral edge Slicing marks defleshing
Tibia 2 Popliteus line/lateral edge Slicing marks defleshing

Unit III Humerus 2 Epicondylar crest Slicing marks defleshing
Femur 1 Trochanter minor Slicing marks defleshing
Tibia 2 Popliteus line Slicing marks defleshing

Table 14. — Percentage of remains with post-depositional modifications of the 
three units.

Unit I Unit II Unit III

Concretions 31.4 32.8 25.7
Manganese oxides 25.5 20.2 9.3
Fissures 17.6 32.8 17.1
Rounding 23.5 32.8 16.7
Polishing 19.6 28.6 16
Trampling 2.2 0.4
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DISCUSSION

The analysis of horse remains from Units I, II, and III from 
Bize-Tournal Cave has provided information of the origin 
and processes that affected the formation of the faunal assem-
blages. The results indicate that hominins played a minor role 
in the taphonomic history of the horse specimens. The main 
accumulator and modifier seem to have been carnivores, par-
ticularly in the formation of the Unit II assemblage. Finally, 
the major post-depositional modifications were concretions 
and rounding, due to the action of water flow, of diverse 
intensities, that affected part of the assemblages.

Previous research point to hominins as the principal accu-
mulators of horses, and in Unit II shared with a primary and 
secondary of carnivores (Magniez 2009, 2010; Magniez & 
Boulbes 2014). According to these proposals, the equid 
carcasses were brought back in large portions after primary 
treatment at the kill site to discard the axial skeleton. Horse 
family groups were hunted from summer to autumn, generat-
ing mortality profiles dominated by prime adults. Carnivore 
modifications are common on bones from Mousterian and 

Aurignacian units, but the majority have been explained as 
a product of secondary access to carcasses by carnivores after 
the hominids abandoned the site. Those assemblages were 
only slightly affected by natural post-depositional processes 
(Magniez 2009, 2010; Magniez & Boulbes 2014).

Alternating carnivore and hominin occupations would indi-
cate short human occupations (Aura et al. 2002; Daujeard & 
Moncel 2010; Stiner 1991a; Valensi 2000). According to Cos-
tamagno et al. (2006), the presence of carnivore tooth marks in 
the bone assemblages indicates short occupations; this should 
be considered an additional argument that corroborates other 
evidence of short-term occupation. Long-term residential 
camps, such as the French sites of Baume des Peyrards, show a 
specialised hunting spectrum while short-duration sites, such 
as Payre-F, Baume Flandin, and Le Figuier (France), show a 
varied faunal spectrum (Daujeard & Moncel 2010). Accord-
ing to these criteria and the results from this work, we agree 
that the hominin occupations were short, even expedite, in 
the three units. However, we cannot underestimate the role 
of carnivores, particularly hyenas, in the accumulations and/
or modification of Units I, II, and III at Bize-Tournal Cave.

Fig. 7. — Horse remains from Unit II modified by carnivore activity: A, humerus with pitting and carnivore breakage; B, radius with scores, pits and heavy furrow-
ing; C, femur with scores, heavy furrowing and pits over fracture edge; D, tibiae with heavy pitting. Photos: Denis Dainat, EPCC CERP Tautavel. Scale bar: 1 cm. 
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Multiple specialists have proposed a predominance of 
juvenile and subadult hyena as a factor characterising hyena 
dens (Cruz-Uribe 1991; Klein et al. 1991; Stiner 1991a). 
However, the research of Pickering (2002) and Kuhn et al. 
(Kuhn et al. 2010) highlighted the fact that an abundance 
of juvenile individuals together with an abundance of 
coprolites were the most convincing features for classify-
ing a hyena accumulation. According to the proportions 
of hyena remains from juvenile, adult, and old individu-
als it is possible to distinguish between cub-raising dens, 
with a dominance of juvenile remains (more than 50%); 
communal dens with equal proportions of the ages or 
even a tendency towards more adult and old remains; and 
prey depot dens, dominated by adult remains (Diedrich 
2011a, 2012). A predominance of juvenile individuals has 
been observed in archaeological hyena dens from Grotta 
di Guattari (Italy) (Stiner 1991b), the sites of Equus Cave 
and Swartklip (South Africa) (Cruz-Uribe 1991; Klein et al. 
1991), Manot Cave area D (Israel) (Orbach & Yeshurun 
2019), Nad Kacakem Cave and Bad Wildungen hyena dens 
(Germany) (Diedrich 2013), at the French sites of Fouvent 
(Fourvel et al. 2014), La Chauverie and Camiac (Discamps 
et al. 2012) and on the Iberian Peninsula at Furninha Cave 
(Portugal) (Brugal et al. 2012), Cova del Gegant (Spain) 
(Samper Carro & Martínez-Moreno 2014), and El Buho 
Cave (Sala et al. 2012), among others. These characteristics 

were recorded in previous works on Bize-Tournal Cave. In 
Units I, II, and III, carnivore remains (Unit I: NISP = 14; 
Unit II: NISP = 443; Unit III: NISP = 72) represent 33% 
of MNI in Unit I, 34% in Unit II, and 28% in Unit III 
(Magniez 2009). The hyena mortality profiles indicate that 
the three age groups were present in the same proportions 
(Magniez 2009). Additionally, a great number of coprolites 
were found in Unit I (n = 125), Unit II (n = 389), and 
Unit III (n = 67). They seem to be mainly attributable to 
the cave hyena. The quantity and the great accumulation, 
indicated long occupation of hyenas or their used as a 
recurrent communal den (Magniez 2009).

The horse remains found in the Bize-Tournal units are 
dominated by skulls and long limb bones, especially metapodi-
als, with low percentages of axial skeleton (except for coxa in 
Unit II) and compact bones. The scarcity of axial elements and 
compact bones is consistent with work on actualistic studies 
and fssil assemblages that have been modified by carnivores 
(Capaldo 1998; Marean et al. 1992; Pickering et al. 2003). 
These anatomical profiles are similar at other sites inhabited 
by hyenas in a similar manner (Brugal et al. 1997; Diedrich 
2011b; Fosse 1996, 1995; Fourvel & Fosse 2017; Fourvel 
et al. 2014; Stiner 1991b). Modern spotted hyenas also trans-
port zebra carcasses, resulting in a similar overrepresentation 
of distal long limb bones, as well as large quantities of teeth 
from crushed skulls (Kruuk 1972).

Fig. 8. — Horse remains from Unit II modified by carnivore action: A, mandible of old individual; B, mandible of prime adult with pitting; C, mandible of juvenile 
individual with two pits on fracture edge; D, first phalanx with marks of high digestions; E, coxal with pitting on the ilion and ischium extremes and scores at the 
acetabulum fossa. Photos: Denis Dainat, EPCC CERP Tautavel. Scale bar: 1 cm.
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In addition, it has been proven that this species has the capac-
ity to transport large animal elements (Egeland et al. 2008; 
Kruuk 1970, 1972; Lam 1992; Pokines & Peterhans 2007). 
Present-day spotted hyenas can move a complete carcass over 
long distances to protect the prey from other carnivores (Kruuk 
1972). This supports the fact that these animals would have 
been able to transport the horse segments to Bize-Tournal Cave.

The mortality profiles identified for horses in the three 
units are: prime-adult dominated (Unit I); catastrophic 
(Unit III); and attritional (Unit II), no different to those 
generated by present-day carnivores (Stiner 1990) (Fig. 13). 
A prime adult dominated profile is not always an indicator 
of selective hunting, this can be dependent on the hunted 
groups. In Unit I, the prime-adult dominated profile may 
be related to hunting episodes when adult male horses 
aggregated, at the beginning of autumn (Denzau & Denzau 
1999; Klimov 1988). In addition, it is not always possible 
to confidently distinguish L-shaped and U-shaped profiles 
on a ternary diagram (Discamps & Costamagno 2015). 
Therefore, the results from Units II and III, which also 
demonstrate a similar seasonality, indicate that there were 
similarities in the choice of prey. The profiles identified in 

Unit II and Unit III are similar to those generated by cursorial 
hunters, like hyenas (Cruz-Uribe 1991). Additionally, the 
same type of mortality profile has been observed at various 
archaeological and palaeontological sites with carnivore bone 
accumulation, like Fouvent (France) (Fourvel et al. 2014), 
Llonin Cave (Spain) (Sanchis et al. 2019), and Level TD6.3 
of Gran Dolina Cave (Saladié et al. 2017). The eruption 
pattern and wear stages of juvenile dentition indicate that 
the juvenile horses in Unit I died during the end of sum-
mer and beginning of autumn, while those from Units II 
and III died in various periods of the year. Previously, it 
was proposed that reindeer hunting involved the capture 
of isolated individuals (Magniez 2009). The wide seasonal 
range observed for horses could indicate a similar scenario. 

Another aspect of hyena assemblages to consider is the 
low proportion of long limb bone epiphyses with respect to 
the abundance of diaphyses (Egeland et al. 2008; Pickering 
2002), and the relative abundance of shaft cylinders (Kuhn 
et al. 2010; Prendergast & Domínguez-Rodrigo 2008). Posi-
tive percentages of change values indicate severe epiphysis 
loss, and low values for the epiphysis/shaft ratio indicate 
the intensity of carnivore bone destruction, in addition to 

Fig. 9. — Mean percentages and one S.D. of tooth pit sizes stratified by bone type (dense cortical, cancellous), and by length and width. Data for sampled/speci-
mens marked by A from Andrés et al. (2012), with D from Domínguez-Rodrigo & Piqueras (2003) and with S from Saladié et al. (2013).
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a high level of competition between scavengers (Blumen-
schine & Marean 1993). Egeland et al. (2008) indicated 
that a negative and highly significant relationship for the 
linear regression between values of percentage of change 
and the epiphysis/shaft ratio indicated intense ravaging 

by carnivores. The results of the linear regression between 
shaft/epiphysis ratio and percentage of Bize-Tournal Cave 
units indicate a scenario of moderate competition between 
carnivores. Cruz-Uribe (Cruz-Uribe 1991) indicated that 
an elevated presence of limb bones with relatively complete 

Fig. 11. — Biplots of the bootstrapped CA of each meat-bearing long bone showing the relationship between carnivore and unit II with respect to the taphotypes 
that determine them: A, radius; B, tibia. Ellipses with 95% confidence intervals for carnivore (left) and taphotypes (right) are also displayed. Length of the axes 
shows the importance of the contribution of each variable to the inertia.
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Fig. 10. — Biplots of the bootstrapped CA of each meat-bearing long bone showing the relationship between carnivore and unit II with respect to the taphotypes 
that determine them: A, femur; B, humerus. Ellipses with 95% confidence intervals for carnivore (left) and taphotypes (right) are also displayed. Length of the 
axes shows the importance of the contribution of each variable to the inertia.
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Fig. 12. — Examples of cut marks from Unit II: A, slicing marks over lower edge of the neck of the ilium of a coxal; B, slicing marks over popliteus line of a tibia. 
Photos: Juan Marín, IPH. Drawings: modified from Pales & Lambert (1971). Scale bars: 2 mm.
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shafts along with a lack of epiphyses is a good indicator of 
hyena accumulations. In all units the proportion of long bones 
with complete circumferences was very high. Additionally, 
cylinders were numerous in Unit II, with a total number 
of 68 remains. However, according to Kuhn et al. (2010) 
cylinders alone indicate carnivore involvement in the forma-
tion of the assemblage, not exclusively hyenas, because lions 
and leopards could produce similar cylindrical fragments. 

Moreover, the bone surface modification analysis of the horse 
specimens from Units I, II, and III shows that the assemblages 
were principally modified by carnivores. Magniez (2008, 
2009) points to the possibility that carnivores had secondary 
access to animal carcasses abandoned by hominins in all the 
units, although their activity was greatest in Unit II. Use of 
the same space by hominins and carnivores is well attested 
(Brain 1981; Domínguez-Rodrigo & Lezana 1996; Kruuk 
1972; Prendergast & Domínguez-Rodrigo 2008; Saladié et al. 
2017), so it is common to find elements modified by both 
agents (Egeland et al. 2008). However, only on two specimens 
from Unit II was there coincidence between anthropogenic 
and carnivore modifications on the same remain. These were 
a coxa and a femur: the cut marks were related to deflesh-
ing; while the carnivore modification involved pitting on the 
two fragments, which could indicate posterior scavenging 
of elements abandoned by hominins. The low percentage of 
remains with co-occurrence of anthropogenic and carnivore 
modifications has been interpreted as a signal of great inde-
pendence between the two groups, linked to a low level of 
competition (Egeland et al. 2008). In addition, the absence 
of anthropogenic bone breakage compared with the enormous 
number of remains fractured by carnivores, supports the idea 
that the majority of the elements were transported and accu-
mulated by carnivores. However, the hyenids could destroy 
the anthropogenic traces and altered a first human breakage.

The types of modifications, their distribution on the 
bones, and the tooth mark measurements evidence that 
a large carnivore was involved during the formation of 
the assemblage. The taphotype analysis indicates that the 
consumption of epiphyses, especially femur and humerus, 
were closer to the action of hyenas, rather than large felids. 
Furthermore, the presence of numerous digested bones, 
including a phalanx, and even teeth, indicates the activity 
of a durophagous carnivore with a metabolism capable of 
assimilating the nutrients from these bones (Brain 1981; 
Kruuk 1972; Pickering 2002). Pitting is also characteristic 
of carnivore den sites or resting places (Binford 1981).

We cannot rule out the possibility that part of the assem-
blages from Units I, II, and III of Bize-Tournal Cave could 
have resulted from the ravaging of bones left behind by human 
groups. Indeed, some remains with both carnivore- and 
hominin-induced modifications indicate that this scenario 
was possible. However, the absence of anthropogenic bone 
breakage and the low percentages of cut marks, along with 
the large quantity of carnivore modifications, does not sup-
port this assertion for the majority of the assemblages. The 
anatomical distribution, like that seen in other carnivore 
accumulations, and the mortality profiles, especially in Units 
II and III, indicate that the main bone accumulation agents 
were carnivores. In addition, in Unit II, it seems that hyenas 
were solely responsible for the formation of the horse assem-
blage, with possible secondary action by other carnivores. An 
interesting point is that although the volume of horse remains 
in the Mousterian units differed with respect to the Aurigna-
cian Unit, we found no great differences in the composition 
of the three samples. The anatomical profiles, dominated by 
cranial and distal long limb bones, the taphonomic signal, 
with a high percentage of carnivore damage and little evi-
dence of human activities, indicate that the use of the cave 

Fig. 13. — Mortality profiles for Bize-Tournal units and current carnivore samples from Stiner (1990). Abbreviations: Hy, hyena; Wf, wolf; Tr, tiger; Leo, lion; 
Ch, chita; Lep, leopard.
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by Mousterian and Aurignacian groups did not change with 
respect to the accumulation of horses. This would indicate that 
the contribution of carnivores, especially hyenas, and their 
modifications was likely to have been similar, with sporadic 
hominin occupation. 

CONCLUSIONS

Assemblages generated by hyenas are characterised by 
abundant coprolites and juvenile hyena remains, an abun-
dance of carnivore bone breakage, the presence of cylinders, 
digested bones, and damage like scoring, pitting, punc-
tures, furrowing, scooping-out, and principally U-shaped 
prey mortality profiles. Analysing the horse remains from 
Units I, II, and III from Bize-Tournal Cave has enabled 
us to identify most of these characteristics, particularly 
in Unit II. The anatomical distribution is similar to that 
seen in other carnivore accumulations, and the mortal-
ity profiles, especially in Units II and III, indicate that 
the main agents of bone accumulation were carnivores. 
The type, distribution, and features of the modifications, 
together with the taphotype analysis indicate that large 
durophagous carnivores were involved in the formation 
of the assemblage, probably hyenas. 

Hominins played a minor role in the horse accumula-
tions, although part of the assemblage could have resulted 
from the ravaging of bones left behind by human groups. 
No great differences were found in the composition and 
features of the three units. The systematic analysis of the 
bone splinters of the studied levels contributed to complete 
the study of horse remains. The accumulation of horses in 
Bize-Tournal Cave during the Mousterian and Aurignacian 
did not change and was characterised by sporadic hominin 
occupation. This would indicate that the horse remains were 
introduced and modified in the cave, mainly by carnivores. 
In this context, it must be considered that carnivores have 
a more important role than suggested in the previous stud-
ies where the impact was clearly identified on the bones of 
megaceros, deer and ibex. 
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Appendix 1. — Loading scores (decomposition of inertia) for the variables (taphotypes and carnivore) for femur. Princ coords, std devs; rep and ctr (per mil); 
2-d rep (per mil).

Rows: 

Axis 1 StDev Rep Ctr Axis 2 StDev Rep Ctr Quality

fd0 –0.385 0.174 949 44 0.064 0.280 27 1 975
fd1 –0.594 0.000 613 5 0.471 0.000 385 4 998
fd1_2 1.362 0.000 883 28 0.422 0.000 85 3 968
fd1_2_3_4 0.579 0.528 912 25 0.064 0.120 11 0 923
fd1_2_3_4_5_6 –0.594 0.000 613 5 0.471 0.000 385 4 998
fd1_3 –0.594 0.000 613 11 0.471 0.000 385 7 998
fd1_5 –0.594 0.000 613 11 0.471 0.000 385 7 998
fd2 –0.594 0.000 613 16 0.471 0.000 385 11 998
fd2_3 –0.594 0.000 613 5 0.471 0.000 385 4 998
fd2_3_4 –0.594 0.000 613 5 0.471 0.000 385 4 998
fd2_3_4_5_6 –2.270 0.000 172 77 –4.984 0.000 828 403 1000
fd2_3_5_6 –0.594 0.000 613 5 0.471 0.000 385 4 998
fd2_4 1.362 0.000 883 28 –0.422 0.000 85 3 968
fd2_5 –0.594 0.000 613 5 0.471 0.000 385 4 998
fd3 –0.594 0.000 613 16 0.471 0.000 385 11 998
fd3_4_5_6_7_8 1.362 0.000 883 28 –0.422 0.000 85 3 968
fd3_5 –0.594 0.000 613 11 0.471 0.000 385 7 998
fd5 –0.594 0.000 613 95 0.471 0.000 385 65 998
fd5_6 –2.270 0.000 172 77 –4.984 0.000 828 403 1000
fd5_6_7_8 0.741 0.346 463 82 –0.131 0.138 15 3 477
fd5_7 –0.594 0.000 613 5 0.471 0.000 385 4 998
fd9 –0.594 0.000 613 5 0.471 0.000 385 4 998
fp0 1.362 0.000 883 110 –0.422 0.000 85 12 968
fp1_2 1.362 0.000 883 28 –0.422 0.000 85 3 968
fp1_2_3_4 1.362 0.000 883 110 –0.422 0.000 85 12 968
fp2 1.362 0.000 883 28 –0.422 0.000 85 3 968
fp2_4 1.362 0.000 883 28 –0.422 0.000 85 3 968
fp4 1.362 0.000 883 28 –0.422 0.000 85 3 968
fp5_6_7_8 1.362 0.000 883 83 –0.422 0.000 85 9 968

Columns: 

Axis 1 StDev Rep Ctr Axis 2 StDev Rep Ctr Quality
C_hyenas 0.872 0.000 92 11 –0.161 0.000 3 0 95
C_lions –1.931 0.319 185 166 –4.057 2.049 815 801 1000
T_lions –0.505 0.064 635 224 0.383 0.054 365 141 1000
U.II 1.158 0.139 916 598 –0.343 0.079 80 57 996
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Appendix 2. — Loading scores (decomposition of inertia) for the variables (taphotypes and carnivore) for humerus. Princ coords, std devs; rep and ctr (per mil); 
2-d rep (per mil).

Rows: 

Axis 1 StDev Rep Ctr Axis 2 StDev Rep Ctr Quality
hd0 –0.213 0.098 837 31 –0.076 0.116 106 6 943
hd1 –0.398 0.000 366 2 –0.343 0.000 271 2 637
hd1_2_3_4_6 –0.398 0.000 366 2 –0.343 0.000 271 2 637
hd1_3_4 –0.398 0.000 366 2 –0.343 0.000 271 2 637
hd1_6_8 –0.398 0.000 366 2 –0.343 0.000 271 2 637
hd2 –0.129 0.245 152 1 0.067 0.425 42 0 194
hd3 –0.398 0.000 366 11 –0.343 0.000 271 12 637
hd3_4 –0.432 0.000 15 3 –0.545 0.000 24 6 39
hd3_4_6 –0.398 0.000 366 2 –0.343 0.000 271 2 637
hd3_4_6_7_8 6.047 0.000 703 505 –3.926 0.000 296 315 1000
hd3_6 –0.398 0.000 366 2 –0.343 0.000 271 2 637
hd4 –0.398 0.000 366 7 –0.343 0.000 271 7 637
hd4_6 –0.398 0.000 366 2 –0.343 0.000 271 2 637
hd5_6_7_8 2.221 1.564 982 272 0.299 0.786 18 7 1000
hd6 –0.398 0.000 366 9 –0.343 0.000 271 10 637
hd6_7 –0.398 0.000 366 2 –0.343 0.000 271 2 637
hd6_7_8 –0.398 0.000 366 2 –0.343 0.000 271 2 637
hd8 –0.398 0.000 366 2 –0.343 0.000 271 2 637
hp0 –0.276 0.117 340 12 –0.156 0.190 109 5 449
hp1_3 0.946 0.000 234 12 1.707 0.000 763 60 997
hp5_6_7 0.946 0.000 234 12 1.707 0.000 763 60 997
hp5_6_7_8 0.946 0.000 234 37 1.707 0.000 763 179 997
hp5_6_8 0.946 0.000 234 12 1.707 0.000 763 60 997
hp6 0.946 0.000 234 25 1.707 0.000 763 119 997
hp7 0.946 0.000 234 12 1.707 0.000 763 60 997
hp7_6 0.946 0.000 234 12 1.707 0.000 763 60 997

Columns: 

Axis 1 StDev Rep Ctr Axis 2 StDev Rep Ctr Quality

C_hyenas 5.000 1.877 778 690 –2.668 0.856 222 291 1000
C_lions –0.357 0.436 27 14 –0.370 0.203 29 22 55
T_lions –0.329 0.035 486 111 –0.233 0.041 243 82 729
U.II 0.782 0.306 312 186 1.160 0.285 686 605 998

Appendix 3. — Loading scores (decomposition of inertia) for the variables (taphotypes and carnivore) for radius. Princ coords, std devs; rep and ctr (per mil); 
2–d rep (per mil).

Rows: 

Axis 1 StDev Rep Ctr Axis 2 StDev Rep Ctr Quality

rd0 –0.135 0.142 1000 6 –0.002 0.194 0 0 1000
rd1 –0.135 0.406 186 1 0.282 0.515 814 18 1000
rd1_2 –0.135 0.000 20 0 0.955 0.000 980 69 1000
rd3 –0.135 0.000 16 0 –1.066 0.000 984 86 1000
rd4 –0.135 0.000 20 0 0.955 0.000 980 69 1000
rd5 –0.135 0.000 16 0 –1.066 0.000 984 86 1000
rd5_6_7_8 –0.135 0.000 16 0 –1.066 0.000 984 86 1000
rp0 –0.135 0.145 999 6 0.004 0.189 1 0 1000
rp1 –0.135 0.191 45 2 0.619 0.262 955 174 1000
rp12345678 7.416 0.000 1000 982 0.000 0.000 0 0 1000
rp2 –0.135 0.000 20 0 0.955 0.000 980 69 1000
rp3 –0.135 0.000 16 0 –1.066 0.000 984 86 1000
rp5 –0.135 0.000 16 0 –1.066 0.000 984 86 1000
rp5_6_7_8 –0.135 0.000 16 0 –1.066 0.000 984 86 1000
rp7 –0.135 0.000 16 0 –1.066 0.000 984 86 1000

Columns: 

Axis 1 StDev Rep Ctr Axis 2 StDev Rep Ctr Quality

C_hyenas 7.416 0.000 1000 982 0.000 0.000 0 0 1000
C_lions –0.135 0.123 78 9 0.464 0.136 922 473 1000
U.II –0.135 0.198 63 8 –0.518 0.189 937 527 1000
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Appendix 4. — Loading scores (decomposition of inertia) for the variables (taphotypes and carnivore) for tibia. Princ coords, std devs; rep and ctr (per mil); 
2-d rep (per mil).

Rows:

Axis 1 StDev Rep Ctr Axis 2 StDev Rep Ctr Quality

td0 –0.368 0.057 606 62 –0.009 0.134 0 0 606
td1_2 1.350 1.242 570 58 1.168 0.721 426 63 996
td1_2_3 1.898 1.503 859 77 0.692 0.915 114 15 973
td1_2_3_4_5_6 3.545 0.000 890 268 –0.737 0.000 38 17 929
td1_2_3_4_7 3.545 0.000 890 134 –0.737 0.000 38 8 929
td1_2_4 –0.058 0.000 2 0 –0.666 0.000 212 14 214
td1_4 0.252 0.000 14 1 2.120 0.000 963 69 976
td12345678 3.545 0.000 890 134 –0.737 0.000 38 8 929
td2 –0.058 0.000 2 0 –0.666 0.000 212 7 214
td2_3 –0.600 0.000 276 4 –0.253 0.000 49 1 325
td2_4 –0.058 0.000 2 0 –0.666 0.000 212 7 214
td4 –0.038 0.242 2 0 0.830 0.724 914 42 916
td5_6_7_8 0.457 0.506 132 16 –0.676 0.152 289 49 421
td5_6_8 3.545 0.000 890 134 –0.737 0.000 38 8 929
td8 –0.058 0.000 2 0 –0.666 0.000 212 14 214
tp0 –0.282 0.083 323 15 –0.328 0.165 437 30 760
tp1 –0.540 0.066 339 28 –0.299 0.087 104 12 443
tp1_2 –0.239 0.195 90 2 –0.528 0.255 443 13 533
tp1_2_3 0.097 0.295 8 0 0.727 1.016 444 16 452
tp1_2_3_4_5_6 0.252 0.000 14 1 2.120 0.000 963 69 976
tp1_2_3_5 0.252 0.000 14 1 2.120 0.000 963 138 976
tp1_2_4_5 0.252 0.000 14 1 2.120 0.000 963 69 976
tp1_3 –0.600 0.000 276 8 –0.253 0.000 49 2 325
tp1_3_4 –0.600 0.000 276 8 –0.253 0.000 49 2 325
tp1_3_4_5 0.252 0.000 14 1 2.120 0.000 963 69 976
tp1_5 –0.600 0.000 276 4 –0.253 0.000 49 1 325
tp2 –0.600 0.000 276 4 –0.253 0.000 49 1 325
tp2_3_5_8 0.252 0.000 14 1 2.120 0.000 963 69 976
tp2_4 –0.058 0.000 2 0 –0.666 0.000 212 7 214
tp2_5 0.252 0.000 14 1 2.120 0.000 963 69 976
tp3 0.097 0.280 8 0 0.727 0.996 444 16 452
tp3_4 –0.600 0.000 276 4 –0.253 0.000 49 1 325
tp4_8 –0.600 0.000 276 4 –0.253 0.000 49 1 325
tp5 –0.038 0.241 2 0 0.830 0.709 914 42 916
tp5_6_7 –0.600 0.000 276 8 –0.253 0.000 49 2 325
tp5_6_7_8 0.543 0.610 188 19 –0.677 0.184 293 42 148
tp5_7 –0.600 0.000 276 4 –0.253 0.000 49 1 325
tp6_8 –0.058 0.000 2 0 –0.666 0.000 212 7 214

Columns: 

Axis 1 StDev Rep Ctr Axis 2 StDev Rep Ctr Quality

C_hyenas 2.942 0.777 929 831 –0.510 0.376 28 36 957
C_lions 0.209 0.247 20 11 1.467 0.264 961 793 980
T_lions –0.498 0.033 393 156 –0.175 0.067 49 28 442
U.II –0.048 0.106 3 1 –0.461 0.125 244 143 246


