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ABSTRACT
The Liguro-Provençal arc yields unique deposits documenting the Middle-Upper Paleolithic transition. How-
ever, interpreting shifts in subsistence strategies in this region has been challenging, mainly due to taphonomic 
processes and the scarcity of archaeological assemblages excavated with modern techniques. For instance, faunal 
assemblages from the Balzi Rossi Paleolithic site complex, dated to 43–36 ky cal BP, are notoriously fragmented, 
impeding morphology-based taxonomic identification and limiting the application of most conventional archaeo-
zoological methods. Additionally, poor collagen preservation often hinders identification through proteomic tech-
niques such as ZooMS. This study examines three assemblages documenting the transition at one of Balzi Rossi’s 
sites, Riparo Bombrini, using an integrated approach that combines archaeozoological methods, multivariate ta-
phonomic analysis, stable isotopic data, and FTIR-aided ZooMS. 
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SUBSISTENCE BEHAVIORS DURING THE 
MIDDLE-UPPER PALEOLITHIC TRANSITION
The study of faunal assemblages associated with the Mid-
dle-Upper Paleolithic transition has contributed significant-
ly to our knowledge of behavioral continuities and discon-
tinuities during this process, marked by the disappearance 
of Neanderthals and other local hominin populations from 
the fossil record and the first dispersals of modern humans 
into western Eurasia between 50 to 30 thousand calibrated 
years before present (ky cal. BP). Neanderthals are now 
recognized as skillful hunters (e.g., Grayson and Delpech 
2002; Marean 1998; Mellars 1996; Speth and Tchernov 2001; 
Stiner 1994; Thieme 1997) and their position at the top of 
the food chain is supported by stable isotopic studies (Bo-
cherens, 2009; Richards and Trinkaus, 2009; Wißing et al., 
2019). Archaeozoological studies have documented the 
range and regional variability of Neanderthal subsistence 
practices. Middle Paleolithic assemblages document the 
selection of prime-aged adults (e.g., Gaudzinski and Roe-
broeks 2000), the use of flexible hunting strategies, includ-
ing drive tactics and the communal hunting of migrating 
species (e.g., Burke 2000; Gaudzinski 2006; Niven 2006), 
logistical exploitation, sensu Binford, of the landscape (e.g., 
Costamagno et al. 2015), and the potential storage of meat 
surpluses (Rendu et al. 2012). Additionally, they exploited 
a broad range of regionally available resources, including 
aquatic resources (e.g., Cortés-Sánchez et al. 2011; Guillaud 
et al. 2021; Hardy and Moncel 2011; Stiner 2001; Zilhão et 
al. 2020) and small game (e.g., Blasco and Fernández Peris 
2012; Finlayson et al. 2012; Morin et al. 2019).

Furthermore, increased interdisciplinary efforts to re-
construct subsistence strategies have provided much evi-
dence of diet continuities across the Middle-Upper Paleo-
lithic transition. Methodological developments in stable 
isotopic analysis highlight a higher intake of plant-based 
foods than previously estimated for both Neanderthals 
and modern humans (Drucker et al. 2017; Naito et al. 2016). 
The considerable vegetal component of Neanderthal diets 
is also visible through studies of dental calculus, tooth mi-
crowear, fecal biomarkers, and plant residue analyses (Fio-

INTRODUCTION

Recent regional overviews of the subsistence patterns 
in the faunal record of western France and the Ital-

ian Peninsula highlight differences in adaptive behavior 
between Neanderthals and anatomically modern humans 
(hereafter modern humans) during the Middle-Upper 
Paleolithic transition (Rendu et al. 2019; Romandini et al. 
2020; 2023; Marín-Arroyo et al. 2023). Changes in human-
environmental interactions, including hunting technology, 
human-carnivore interactions, carcass processing, and the 
diversity of exploited animal prey and raw materials, may 
have provided modern humans with a significant adaptive 
advantage (Vidal-Cordasco et al. 2023). However, the lack 
of comprehensive archaeozoological data in the Liguro-
Provençal arc has limited our ability to examine patterns 
of subsistence continuity and change in this region, which 
serves as a crucial link between the Italian Peninsula and 
other parts of Western Europe during the transition.

This study explores subsistence adaptations in the Li-
guro-Provençal arc, presenting the first detailed diachronic 
archaeozoological and taphonomic analysis of the transi-
tional sequence at Riparo Bombrini (i.e., Levels A1, A2, and 
MS). Our main goal is to reconstruct and compare the hunt-
ing strategies and patterns of animal exploitation of the fi-
nal Neanderthal occupation of the site (MS) and the first oc-
cupations by modern humans (A1, A2). The comparatively 
poor state of preservation of the faunal remains provides 
an excellent opportunity to apply and test the limits of a 
multivariate taphonomic approach (e.g., Bar-Oz and Dayan 
2003; Bar-Oz and Munro 2004) in a challenging context and 
to implement a large-scale ZooMS technique to comple-
ment this approach effectively. The archaeozoological data 
are combined with environmental, chronological, and tech-
nological information to discuss hunting strategies, site 
function, subsistence, land-use, and mobility through time 
at Riparo Bombrini and at the scale of the Liguro-Provençal 
arc. Finally, this study discusses the chosen methodological 
approach to highlight the advantages and the interpretive 
limitations posed by the challenging preservation of faunal 
remains at Riparo Bombrini.

 Despite the low frequency of identifiable faunal remains and readable bone surfaces, the results suggest that 
the Proto-Aurignacian faunal assemblages were primarily accumulated by anatomically modern human foragers, 
whereas the final Mousterian was accumulated as a result of brief, alternating site visits by Neanderthals and car-
nivores. A continuous exploitation of prime-aged cervids hunted near the site is observed through the final Mous-
terian and the Proto-Aurignacian levels. However, the faunal assemblages also suggest changes in the taxonomic 
richness, mortality profiles, carcass treatment, site function, and land-use, starting in the Proto-Aurignacian. These 
changes include prolonged occupations of the site, increased carcass curation for bone fuel, decreased carnivore 
activities on the site, and the diversification of bone tool types and raw materials to produce symbolic objects. In 
addition, the results align with previous hypotheses suggesting a hyperlocal adaptation of the very last Neander-
thals to have occupied the site, followed by dense occupations of the site and shifting mobility strategies within a 
large territory associated with the overlying Proto-Aurignacian assemblages lasting through climatic instability. 
In spite of the challenging taphonomic context at Riparo Bombrini, this study provides the first detailed insight 
into human subsistence during the transition in this region and establishes testable hypotheses regarding the 
changing nature of hominin behavioral ecology during this period.
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cial (Carvalho and Bicho 2022; Finlayson et al. 2006; Valensi 
2009), to the western European mainland. It extends ap-
proximately 400km from the Rhône Valley to the Po valley 
in northeastern Italy (Figure 1). Its topography would have 
constrained human and animal mobility on an east-west 
axis along the littoral, with limited north-south movement 
between the shore and the mountains (Negrino and Riel-
Salvatore 2018).

Recent studies of raw material sourcing have shown 
how the geophysical context and the availability of lithic 
raw material shaped the resource management strategies 
adopted by human populations in this region, while also 
highlighting contrasts in raw material procurement be-
tween the Mousterian and Proto-Aurignacian (Grimaldi 
and Santaniello 2014; Grimaldi et al. 2014; Porraz and Ne-
grino 2008; Porraz et al. 2010; Rossoni-Notter and Simon 
2016; Rossoni-Notter et al. 2017; Tomasso and Porraz 2016). 
Interpretations of land-use patterns depict Neanderthal 
groups as having locally focused mobility strategies (i.e., 
less than 30km), while still extending their social networks 
from eastern Liguria to western Provence (Riel-Salvatore 
and Negrino 2009). In contrast, early modern human 
groups appear to have been more selective regarding raw 
material quality, sourcing exotic raw materials from 50km 
to 200km away within regions of generally poor-quality lo-
cal raw material. This suggests more extensive social net-
works and long-distance mobility between the Po and the 
Rhone valleys (Porraz and Negrino 2008; Porraz et al. 2010; 

renza et al., 2015; Henry et al. 2011; Mariotti Lippi et al. 
2023; Power et al. 2018; Rampelli et al. 2021; Sistiaga et al. 
2014). Inter-assemblage continuities in taxonomic composi-
tion and skeletal representation have also been observed in 
numerous western Eurasian sites with long transitional se-
quences (e.g., Adler et al. 2006; Discamps et al. 2011; Mün-
zel and Conard 2004; Yravedra et al. 2016). 

Despite the continuities often indicated by the pres-
ence or absence of certain behaviors, many scholars have 
highlighted contrasting regional trends in early Upper 
Paleolithic contexts across Europe. These trends could re-
flect pronounced adaptability, changes in social organiza-
tion, and human-environment interactions (Pederzani et al. 
2024; Rendu et al. 2019; Romandini et al. 2020; Smith et al. 
2021; Soulier 2013). In this study, we examine and discuss 
three such trends related to animal exploitation within the 
context of the Liguro-Provençal arc: 1) the technological 
change toward long-range weapons, 2) the increased hu-
man exploitation of carnivores, and 3) the exploitation of 
an increasingly broader range of animal raw materials for 
symbolic and technological purposes.

REGIONAL PERSPECTIVE ON THE LIGURO-
PROVENÇAL ARC
The Liguro-Provençal arc is a biogeographic corridor con-
strained by the pre-alps to the north and the Mediterranean 
Sea to the south, linking peninsular Italy, which is thought 
to have formed a temperate refugium during the Last Gla-

Figure 1. Map of the Liguro-Provençal arc (highlighted within the rectangle) displaying key sites documenting Proto-Aurignacian 
(marked in red) and late Mousterian (marked in blue) levels (basemap produced in QGIS with Natural Earth data).
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Aurignacian and have both benefited from careful archaeo-
zoological analyses (Alhaique 2000; Holt et al. 2019; Pothier 
Bouchard et al. 2020, 2023; Perez et al. 2022; Stiner 1999). 
These analyses show that modern humans continuously 
exploited taxa living near the site, primarily red deer, fol-
lowed by ibex, bovines, horses, and wild boars.

 
MATERIAL AND METHODS

SAMPLING STRATEGY FOR THE
ARCHAEOZOOLOGICAL ANALYSIS
Prior observations of excavation methods and the state 
of preservation of the faunal remains at Riparo Bombrini 
were crucial in designing our sampling strategy for the lev-
els in our study (i.e., Levels A1, A2, and MS), which aimed 
to meet three objectives: 1) maximize morphological and 
taxonomic identifications, 2) adequately represent the dif-
ferent parts of the site where the three levels are undis-
turbed and excavated, and 3) achieve a high taphonomic 
resolution. The three phases of excavation on the site (1976, 
2002–2005, and 2015–2019) employed different recovery 
standards, which affected the taphonomic resolution of the 
faunal assemblages (Table 1; SI text on the faunal assem-
blages of Riparo Bonbrini). 

A total of 19,804 faunal remains from different areas 
of the site were analyzed in this study. To meet the first 
objective, we focused on the area outside the rockshelter. 
This area is defined as all the square-meter units located 
to the south and west of the rockshelter’s dripline, corre-

Riel-Salvatore and Negrino 2009).
Interpreting the subsistence strategies of both human 

populations has been challenging due to a lack of sites ex-
cavated with modern methods, limiting the availability of 
high-resolution and well-dated faunal collections (see the 
list of sites with Mousterian and Proto-Aurignacian faunal 
collections in Supplemental Information (SI) Table 1). The 
rich Mousterian record, dated between MIS 5–3, that docu-
ments Neanderthal subsistence strategies in the Liguro-
Provençal arc, mostly comes from sites excavated before 
the introduction of modern excavation methods during the 
second half of the 20th century. These sites include Madon-
na dell’Arma, Caverna delle Fate, Arma delle Manie, Santa 
Lucia Superiore, and Via San Francesco (Psathi 2003; Va-
lensi 2009; Valensi et al, 2001). Nevertheless, the synthesis 
by Valensi and Psathi (2004) highlights the dominance of 
red deer in all assemblages, indicating the persistence of 
rich forested environments. The authors also suggest that 
hunting strategies were likely influenced by the exploita-
tion of readily available game, determined by topography 
and climate. 

The Proto-Aurignacian record is particularly challeng-
ing, with only three sites: Riparo Bombrini, Riparo Mo-
chi, and Grotte de l’Observatoire. The latter suffers from 
recovery biases that prevent secure chronostratigraphic 
association of the faunal remains (Brugal et al. 2017; Ro-
mandini 2017). Nevertheless, the collections from Riparo 
Bombrini and Riparo Mochi both document a long strati-
graphic sequence spanning the Mousterian and the Proto-

 
TABLE 1. RECOVERY METHODS FOR EACH EXCAVATION PHASE AND 

PUBLISHED DATA ON FAUNA AT RIPARO BOMBRINI. 
 
Excavation 
year 

Levels  Recovery methods Published 
archaeozoological data 

Published 
ZooMS data      

1976 A1–2 1m2 excavation units/ 5cm spits; piece-plotted 
diagnostic artifacts and bones >10cm; sediments 
water-sieved. 

n/a n/a 

1976 MS; M1–5 1m2 excavation units/ 5–10cm spits; piece-plotted 
diagnostic artifacts and bones; sieved sediments 
not yet available. 

n/a n/a 

2002–2005 A1; A2; MS; 
M1–7 

1m2 excavation units/ 5cm spits; piece-plotted 
diagnostic artifacts and bones >5cm; sediments 
water-sieved. 

Part of piece-plotted 
fauna in Holt et al. (2019); 
Part of PA levels in 
Pothier-Bouchard et al. 
(2019) 

Part of PA levels in 
Pothier-Bouchard et 
al. (2020) 

2015 A1 1m2 excavation units/ 5cm spits; piece-plotted 
diagnostic artifacts and bones >5cm; sediments 
water-sieved; recovery of the small fraction (<1cm) 
of coprolites in square-meter unit EE3. 

Part of PA levels in 
Pothier-Bouchard et al. 
(2020) 

idem 

2016–2021 A1; A2; MS 50cm2 excavation subunits/ 5cm spits; piece-
plotted diagnostic artifacts and bones >2cm; 
sediments water-sieved; recovery of small fraction 
(<1cm) of coprolites from the sieve. 

idem idem 
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ed from sixteen bone samples that had rendered positive 
ZooMS identifications. These samples come from the two 
Proto-Aurignacian Levels A1 and A2, and the Final Mous-
terian Levels M3 to M5 underlying Level MS. This choice 
was made due to the inadequate preservation of the MS 
skeletal remains for isotope analysis. 

Inside the rockshelter, we selected square-meter units 
AA1, BB1, CC1, DD1, DD2, and EE3. The first four square-
meter units involve partly published data from the Proto-
Aurignacian levels (Pothier Bouchard et al. 2020) and new-
ly studied data from the three Levels A1, A2, and MS. Units 
DD1 and DD2 document the bulk of the faunal remains 
and artifacts of the area, concentrated within superimposed 
hearth features close to the rockshelter wall (see Figure 2; 
Figure 5 below). Finally, Unit EE3 is the only square-meter 
unit excavated exclusively during the most recent cam-
paigns, which included the recovery of the smallest frac-
tion of coprolites within the three stratigraphic levels. In to-
tal, this sample corresponds to over 50% of the undisturbed 
excavated areas on the site (see Table 2).

sponding to a line of fallen blocks from what used to be 
the limit of the rockshelter’s roof (Figure 2). Our previous 
archaeozoological and ZooMS analyses of the Proto-Au-
rignacian assemblages revealed that the skeletal remains 
in this area were better preserved for both morphological 
and proteomic identification (Pothier Bouchard et al. 2020). 
However, only the area excavated in 1976 documents dis-
tinct and in situ Levels A1, A2, and MS, thus lacking the de-
sired taphonomic resolution, especially in Level MS where 
the sieved archaeological material is not yet available. In 
this area, we selected square-meter units C1 and C2 for 
systematic ZooMS sampling during the archaeozoological 
analysis of the entire faunal assemblages available in those 
square-meter units (Table 2; see Figure 2). 

Unit C1 documents the bulk of the fauna recovered in 
1976, especially for the MS levels, and is located immedi-
ately next to a small combustion area in Level A1. C2 does 
not document the Proto-Aurignacian levels. However, add-
ing this square-meter unit helped enrich Level MS, which is 
poorly documented in the area outside the rockshelter. In 
this better-preserved area, isotope samples were also select-

Figure 2. Map of Riparo Bombrini showing the three excavation phases, the overlapping features documented in Levels A1, A2, and 
MS, and the square-meter units selected for our analysis.
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models of the Laetoli project (https://laetoli-production.fr), 
and the photographic osteological collection of the Archéo-
Zoothèque (https://www.archeozoo.org/archeozootheque). 
When skeletal remains of ungulates could not be identified 
to a species, they were assigned to size categories adapted 
from Brain (1981) and Bunn (1986)—smaller ungulates size 
1: <50kg (e.g., Rupicapra rupicapra, Capreolus capreolus) and 
size 2: 50–100kg (e.g., Capra ibex, Sus scrofa, Dama dama); 
larger ungulates size 3: 100–300kg (e.g., Rangifer tarandus, 

Morphological Taxonomic Identification 
We identified teeth by consulting the reference collection 
of herbivore and carnivore skulls curated by the Museo 
Civico di Storia Naturale di Genova. We identified skeletal 
remains using osteological atlases (Barone 1975; Pales and 
Garcia 1981; Schmid 1972) and three open-source virtual 
collections—the 3D models provided by the Max-Planck-
Gesellschaft Department of Human Evolution (https://
www.eva.mpg.de/evolution/downloads.html), the 3D 

 
TABLE 2. NUMBER OF BONE SPECIMENS SAMPLED FOR THE FAUNAL ANALYSIS, 

FTIR SCREENING, ZOOMS, AND ISOTOPES.* 

Levels 
Square-

units 
Archaeozoology 
and taphonomy FTIR  ZooMS   Isotopes Excavation year 

     
Acid-

soluble 
Acid-

insoluble 
RPC Acid-

soluble 
RPC Acid-
insoluble   

A1 C1 832 165 98 15 45 6 8 1976 
 C2 n/a n/a n/a n/a n/a n/a n/a n/a 
 AA1 212 35 12 n/a n/a n/a n/a 2002 
 BB1 408 39 6 n/a 1 n/a n/a 2002 

 CC1 270 23 6 n/a 1 n/a n/a 2002 

 DD1 1316 100 43 n/a 4 n/a n/a 2002–05 

 DD2 453 3 n/a n/a n/a n/a n/a 2002–04 

 EE3 997 22 22 n/a n/a n/a n/a 2015–16 

Total Level A1 4488 387 187    15                   51    6                 8  

A2 C1 1422 177 77 12 27 7 3 1976 

 C2 n/a n/a n/a n/a n/a n/a n/a n/a 

 AA1 20 5 2 n/a n/a n/a n/a 2002 

 BB1 80 13 4 n/a n/a n/a n/a 2002 

 CC1 622 37 10 n/a 1 n/a n/a 2002 

 DD1 6400 291 81 n/a 1 n/a n/a 2002–05 

 DD2 459 15 14 2 n/a n/a n/a 2003–04; 2016–17 

 EE3 1420 40 36 n/a 3 n/a n/a 2016–17 

Total Level A2 10,423 578 224    14                   32     7                 3  

MS C1 38 21 13 8 4 3 n/a 1976 

 C2 3 3 1 n/a 1 n/a n/a 1976 

 AA1 66 11 1 n/a 1 n/a n/a 2002–05 

 BB1 45 3 n/a n/a n/a n/a n/a 2002 

 CC1 111 7 n/a n/a n/a n/a n/a 2002–05 

 DD1 1520 46 2 2 n/a 1 n/a 2005 

 DD2 2881 123 9 7 2 n/a n/a 2005; 2017–19 

 EE3 229 34 1 1 n/a n/a n/a 2017 

Total Level MS 4893 248 27    18                    8    4  n/a  

M3-5 C1 n/a n/a n/a n/a n/a n/a 1 1976 

 C2 n/a n/a n/a n/a n/a n/a 4 1976 

Total Levels M3–5 0 n/a n/a    n/a                 n/a n/a  5  
*The data in italics corresponds to the site area outside the rockshelter dripline. RPC= reverse phase chromatography. 
 

https://laetoli-production.fr
https://www.archeozoo.org/archeozootheque
https://www.eva.mpg.de/evolution/downloads.html
https://www.eva.mpg.de/evolution/downloads.html
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Buckley et al. (2009; 2017) (see SI Table 2 for the list of pep-
tide markers used in this analysis). The resulting spectra 
exhibiting lower collagen preservation (i.e., missing pep-
tide markers) were selected for further analysis (see Table 
2). We first applied the same ZooMS protocol on the acid-
insoluble residue on the 47 samples identified to a wide 
taxonomic category (e.g., ungulate) following Buckley et al. 
(2009). Next, we purified and fractioned 102 samples using 
reverse phase chromatography (RPC) with C18 solid phase 
extraction (SPE) pipette tips, following the manufacturer’s 
protocol (Varian, UK). This method helped clarify some of 
our cervid identifications by improving the signal inten-
sity of the A2T67(G) biomarker, essential to distinguish 
between Cervus (m/z value of 3033) and Capreolus (m/z 
value of 3059.4), and between Rupicapra (m/z value of 3033) 
and Capra (m/z value of 3093.4) (see Buckley et al. 2010 for 
discussion on the isolation of collagen-peptide markers). 
However, it is worth noting that red deer (Cervus elaphus) 
and fallow deer (Dama dama) are too closely related to be 
distinguished with ZooMS (Buckley and Kansa 2011). It 
is thus possible that some of our Cervus ZooMS identifica-
tion also includes anecdotal Dama specimens (see Pothier 
Bouchard et al. 2020).

Stable Isotopic Analysis
To help previous paleoenvironmental reconstructions 
on the site (see Holt et al. 2019), we selected a total of 16 
bone specimens previously identified taxonomically with 
ZooMS (n=1 Capra; n=1 Bos/Bison sp.; n=2 Sus; n=6 Cervus; 
n=4 Cervus/Capreolus; n=2 Capra/Rupicapra) to measure δ13C, 
δ15N, and δ34S values in bone collagen (see Table 2; SI Table 
3). When possible, bones with evidence of anthropic modi-
fication, such as butchering marks or fresh fractures, were 
selected at each level to ensure that the paleoenvironmental 
evidence was directly linked to periods of human presence. 
Approximately 1g of bone was extracted using a low-vi-
bration micromotor with a diamond-edge cutting wheel for 
each bone specimen. The selected specimens were sampled 
at the EvoAdapta laboratory of the University of Cantabria, 
Spain, where collagen extraction was carried out following 
the Longin (1971) method with modifications as suggested 
by Collins and Galley (1998). The surface of the samples 
was cleaned for abrasion with a drill head tool. Samples 
were demineralized in 0.5M HCl at 20°C for between 6 and 
15 days. Then, samples were washed three times with de-
ionized water and gelatinized in a pH3 solution (distilled 
water and 0.5M HCl), and sealed into a pre-heated oven 
set at 75°C for 48 hours. The samples were filtered using 
5–8μm Ezee® mesh filters (Elkay Laboratory Products), 
frozen for 48 hours at -23°C, and lyophilized at -46°C with 
a pressure of 0.093mBar for 48 hours. The collagen weight 
obtained was between 380mg and 764mg. Carbon, nitrogen 
and sulfur isotope analysis of samples was undertaken by 
Elemental Analysis - Isotope Ratio Mass Spectrometry (EA-
IRMS) at the Iso-Analytical facility (UK). The δ13C, δ15N and 
δ34S values are reported relative to the International V-PDB, 
AIR, and VCDT standards (see details in the SI). Specimens 
were analyzed in duplicate every five samples. The aver-

Cervus elaphus) and size 4: 300–1000kg (e.g., Bos/Bison sp., 
Equus sp.); megafauna size 5: >1000kg (e.g., Mammuthus 
sp., Coelodonta sp.). Intermediate categories such as Cer-
vidae size 1/2 or artiodactyl size 3/4 were often more ap-
propriate at Riparo Bombrini, given the high level of bone 
fragmentation. Carnivores are classified within three size 
classes—size 1: small carnivores (e.g., Vulpes vulpes), size 2: 
medium carnivores (e.g., Canis lupus, Crocuta crocuta), and 
size 3: large carnivores (e.g., Ursus sp.).

FTIR Screening and ZooMS Identification 
Because collagen preservation is compromised at Riparo 
Bombrini, we applied a screening method using a portable 
FTIR developed and tested elsewhere (Pothier Bouchard 
et al. 2019) while conducting the faunal analysis at the 
University of Genoa (Italy). We tested bone samples for 
collagen preservation distributed within the three strati-
graphic levels (see Table 2) using a sampling strategy based 
on three criteria, prioritizing (by order of importance): 1) 
bones morphologically identified to a skeletal element and 
a broad taxonomic category (e.g., ungulate size 3/4, artio-
dactyl size 1/2), 2) taxonomically unidentifiable bones of 
juvenile and fetal remains that maximize age and season-
al data acquisition, 3) and bones with surface alterations 
such as anthropic action (e.g., percussion marks, cut marks, 
splinters) and carnivore action (e.g., gnawing, tooth punc-
tures, gastric digestion) to assess taphonomic attrition bi-
ases. Finally, we conducted a random selection of bones of 
variable size and cortical thickness from the indeterminate 
fraction of the collection to improve the NISP tally and as-
sess faunal diversity and post-depositional attrition. It is 
important to note that the attribution of animal size catego-
ries according to cortical thickness classes was shown to be 
highly variable in other ZooMS analyses (Sinet-Mathiot et 
al. 2019).

Approximately 1mg of bone powder was extracted 
using a scientific mortar and pestle. We processed each 
sample using an Agilent 4500a portable FTIR instrument 
equipped with a single-bounce diamond ATR and internal 
battery following the method detailed in Pothier Bouchard 
et al. (2020). The screening threshold of 0.06 was selected, 
meaning a sample was rejected for ZooMS analysis when 
its CO/P ratio scored less than 0.06. When a bone specimen 
was selected for ZooMS, another 25mg to 50mg of bone 
powder was extracted in the same manner and placed in 
a 1.5mL Eppendorf tube, which was then brought to the 
ZooMS laboratory at the University of Manchester (UK).

We followed the ZooMS protocols previously applied 
at Riparo Bombrini (Pothier Bouchard et al. 2019; 2020). 
The bone samples (N=438; see Table 2) were first processed 
with low through-put acid-soluble ZooMS analysis follow-
ing the method adapted from Buckley et al. (2009). We car-
ried out MALDI-MS on a Bruker Ultraflex II instrument, 
with a m/z window of 700–3,700 mass units and up to 2,000 
laser acquisitions per spot. We analyzed the obtained col-
lagen fingerprints with mMass software (v5.5.0), and we 
identified animal species using previously published col-
lagen peptide markers from reference spectra following 
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quantitative values (MNE<10). 
Finally, we calculated four measures of taxonomic 

structure and composition based on the NISP of ungulate 
taxa at the genus level (Grayson 1984; Lyman 2008): 1) the 
taxonomic Richness S or NTAXA calculated as the number 
of taxonomic categories (on the family and sub-family lev-
el) present in the assemblages, 2) the taxonomic heteroge-
neity H calculated with the Shannon index (H = - ƩPi(lnPi), 
where Pi is the proportion P of the taxon i in the assem-
blage, 3) the taxonomic evenness index e derived from H 
and the log of NTAXA using the formula e=H/lnS, and 4) 
the reciprocal of Simpson’s index 1/D with the formula 1/ 
ƩP2

i. Finally, we tested the correlation between taxonomic 
richness (NTAXA) and sample size (ƩNISP) by calculating 
the Pearson linear correlation of the different faunal assem-
blages (Grayson and Delpech 1998). 

Age and Sex
We recorded data related to age, sex, and seasonality where 
possible. Age assessments for teeth were based on wear pat-
terns and eruption stages across various species—Cervinae 
and Capreolinae (Brown and Chapman 1991; Carter 2006; 
d’Errico and Vanhaeren 2002), Caprinae (Payne 1987), Bovi-
nae (Grant 1982), Suidae (Grant 1982; Magnell 2006), Equi-
dae (Bignon 2006; Levine 1982), Ursidae (Stiner 1998), and 
Canidae (Gipson et al. 2000). We also measured the crown 
heights of Cervidae and Equidae, applying the quadratic 
crown height method (QCHM) using the formula by Klein 
et al. (1983) and incorporating potential ecological longev-
ity data for Cervus elaphus and Equus przewalskii (Klein and 
Cruz-Uribe 1984: 49–50). Additionally, epiphyseal stages 
were calculated for Cervinae (Carden and Hayden 2006; 
Reitz and Wing 2008), Bovinae (Koch 1932 in Julien 2011), 
and Caprinae (Zeder 2006). 

Due to the poor preservation of the occlusal surfaces 
of ungulate teeth, which precluded the use of species-spe-
cific wear patterns and crown height measurements, we 
adapted the age classification systems from Discamp and 
Costamagno (2015) for the main ungulate taxa—for Cap-
rinae, juvenile (J: 0–1.5 years), adult (A: 1.5–8 years), and 
old (O: >8 years); for Cervinae, J: 0–2 years, A: 2–12 years, 
O: >12 years; for Bovinae, J: 0–3 years, A: 3–12 years, O: >12 
years; and for Equidae, J: 0–2 years, A: 2–15 years, O: >15 
years. The limited sample size for age determinations also 
prevented us from drawing mortality profiles using MNI 
tallies. Therefore, age determinations will be expressed 
qualitatively using NISP tallies.

Sex identification was based on the presence or absence 
of canines for Equidae and Cervinae (typically present in 
males and absent or vestigial in females) and the presence 
of antlers for Cervidae (males), excluding reindeer. The 
presence of unshed antlers and juvenile prey informed 
discussions about the seasonality of site occupations. Mi-
crowear analysis was not feasible for these collections, as 
most teeth had either damaged occlusal surfaces or were 
embedded in concretion.

age reproducibility of samples measured in duplicate was 
0.2‰. The following established bone collagen quality 
indicators were used: % collagen (>1), %C (30–44%), %N 
(11–16%), %S (0.15–0.35%), C:N (2.9–3.6), C:S (600±300) and 
N:S (200±100) (Ambrose 1990; DeNiro 1985; Nehlich and 
Richards 2009; van Klinken 1999).

Quantification Methods
We applied standard quantification methods, including 
measures of taxonomic abundance (total number of speci-
mens – NSP, Number of identified specimens – NISP, Mini-
mum number of individuals – MNI) and the calculation of 
skeletal part frequencies (minimum number of elements 
– MNE, minimum animal units – MAU), and the food util-
ity index (FUI) (Grayson 1984; Lyman 2008; Metcalfe and 
Jones 1988) to the extent possible given the highly fragmen-
tary nature of the assemblages. Statistical tests were done 
in Excel and Past 3.14 software. 

Our tallies are affected by the usual problems related to 
measuring taxonomic abundance, such as intertaxonomic 
variability, differential preservation, the interdependence 
of skeletal remains, and differential recovery (Grayson 
1984; Lyman 2008). The high degree of fragmentation at 
Riparo Bombrini hinders the MNI count to the point of 
reducing most MNI tallies to either one or two individu-
als per taxon. For this reason, NISP is preferred over MNI 
and MNI-derived measures (e.g., biomass measures, meat 
weight) when discussing taxonomic abundance and taxo-
nomic structure and composition on the site. 

Owing to the degree of fragmentation, skeletal-part 
frequencies are presented on the nominal scale using NISP 
counts of the skeletal elements (NISPe), a simple count of 
all skeletal elements (right, left, and indeterminate sides) 
for each taxon. The NISPe tallies of all skeletal elements are 
then grouped by skeletal region following Stiner (2002b) 
adding two indeterminate categories (indeterminate limb 
and indeterminate) because several ZooMS identifications 
were obtained from morphologically unidentifiable skel-
etal elements. We summarized NISPe values by grouping 
taxonomic categories at the family and sub-family levels 
(Cervidae size 1/2 = Capreolus + Dama dama + cervid size 1/2; 
Cervidae size 2/3 = Cervus elaphus + Cervus sp + cervid size 
2/3; Caprinae size 1/2 = Capra sp + caprine size 2/3 + bovid 
size 2/3; bovine = Bos/Bison sp. + bovid size 3/4; suidae = Sus 
sp.; ungulate size 1/2 = Artiodactyle size 1/2+ ungulate size 
1/2; ungulate size 3/4 = Artiodactyle size 3/4, ungulate size 
3/4) and two broader size categories (ungulate size 1/2 and 
ungulate size 3/4) and normalize using the most abundant 
taxa in order to be in a position to cautiously discuss car-
cass treatment and transport for these taxonomic catego-
ries. Where possible, we calculated MNE according to three 
criteria: 1) the overlap of skeletal elements and diagnostic 
anatomical landmarks as proposed in Morin et al. (2017), 2) 
the age and sex of the skeletal remains, and 3) the size of the 
specimens. Unfortunately, the high level of fragmentation 
precluded us from statistically testing density-mediated at-
trition and carcass transport strategies with MNE-derived 
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INTRA-SITE MULTIVARIATE TAPHONOMIC 
ANALYSIS
We conducted a detailed intra-site multivariate tapho-
nomic analysis of three faunal assemblages, starting with 
a general description of the taphonomic variables impact-
ing each assemblage. These variables were categorized into 
four groups (detailed in SI Table 4): 1) general assemblage 
data,(2) bone preservation, 3) natural taphonomic process-
es affecting long bones, and 4) anthropic processes affect-
ing long bone damage. The hierarchical analysis then pro-
ceeded as follows: 1) bone completeness and fragmentation 
documenting density-mediated attrition, post-depositional 
in situ attrition, and pre-depositional fragmentation (vari-
ables detailed in SI Table 5), 2) agents of bone accumula-
tion, documenting carnivore and human action (variables 
detailed in SI Table 6), and 3) on-site carcass treatment, doc-
umenting marrow extraction, grease rendering, and bone 
as fuel (variables detailed in SI Table 7). 

We displayed the taphonomic variables in tables and 
illustrated them with line graphs to aid inter-assemblage 
comparisons. The variables were primarily quantified as 
percentages of NSP (total number of specimens) to illus-
trate how variables affect the entire assemblages, and NSP.
lb (total number of specimens of long bone shaft fragments) 
to observe specific taphonomic alterations on long bone 
shafts. Additionally, comparisons were made between 
small game (ungulate taxa corresponding to body sizes 
1 and 2) and large game (ungulate taxa corresponding to 
body sizes 3 and 4). These comparisons involved express-
ing taphonomic variables as percentages of NISP (number 
of identified specimens) and NISP.lb (number of identified 
specimens of long bone shaft fragments) tallies for these 
broad taxonomic groups to explore how variables interact 
with body size.

TAPHONOMIC METHODS
We utilized taphonomic indices to reconstruct depositional 
and post-depositional processes affecting the preservation 
of the archaeozoological assemblages. This analysis includ-
ed plotted finds, complete and partial elements, and every 
bone shaft fragment larger than 2 centimeters. We docu-
mented bone surface alterations using a three-stage inten-
sity scale (i.e., stage 1: <50% covered, stage 2: >50% cov-
ered, and stage 3: entirely covered), which encompassed 
anthropic alterations (Blumenschine 1995; Blumenschine 
et al. 1996; Domínguez-Rodrigo 2009; Fisher Jr. 1995; Ly-
man 1994). We also recorded burning levels according to a 
simplified set of color classes (unburned, carbonized, and 
calcined) adapted from Stiner et al. (1995) and Marques et 
al. (2018) (Table 3). 

Fracture freshness angles were recorded for long 
bone shafts (Villa and Mahieu 1991), and the mean Frac-
ture Freshness Index (FFI) calculated according to Outram 
(2001). All surface modifications were identified using a Di-
no-Lite Edge Digital Microscope 20X–220X with enhanced 
DOF, operated with DinoCapture 2.0 software. 

At Riparo Bombrini, the unidentifiable fraction consti-
tutes the majority of the faunal remains, ranging from 95% 
to 99% of the total number of specimens (NSP). Given this, 
it was crucial to rapidly and efficiently gather a maximum 
of taphonomic information from the entire assemblage. We 
conducted a detailed taphonomic study of this fraction by 
sorting each bulk bag into eight size classes based on maxi-
mum length (0–20mm, 20–30mm, 30–40mm, 40–50mm, 
50–60mm, 60–80mm, 80–100mm, >100mm). These classes 
were further categorized by burning level (unburned, 
carbonized, and calcined) and bone type (appendicular 
cancellous, axial cancellous, indeterminate cancellous, ap-
pendicular cortical, flat bones, teeth, cranial, and indeter-
minate) (Pothier Bouchard et al. 2020). Each subdivision 
was quantified and weighed with a Tangent KP-103 scale 
(Max 120.0g, d=0.1g).

 
TABLE 3. DESCRIPTION OF THE BONE BURNING CATEGORIES SELECTED IN THIS STUDY. 

 
 Color description Color categories 

(Stiner 1995) 
Stage of combustion 
(Marques et al. 2018) 

Unburned No visible burning coloration 0 Intact or dehydration (0 to 250°C) 
    
Carbonized All black or traces of black 1, 2, and 3 Decomposition of the organic component 

(400 to 600°C) 
    
Calcined Transition from black to 

white/blue/greyish or 
completely white/grey 

4, 5, and 6 Inversion and fusion (600 to 1000°C) 
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Despite this differential preservation, discernible trends 
in the relative abundance of taxa across the archaeological 
levels are apparent. The faunal spectra are predominantly 
composed of large Cervidae, likely red deer and some fal-
low deer (Table 4). In the Proto-Aurignacian Level A1, large 
Cervidae constitute 40% of NISP, decreasing to 18% in Lev-
el A2 and 9% in Level MS. Roe deer frequencies are slightly 
higher in Level A1 at 3% NISP, compared to 1% in Level 
A2 and nonexistent in Level MS. Ibex are consistently pres-
ent but more prevalent in the Proto-Aurignacian (13%NISP 
in A1 and 10%NISP in A2) than in the Mousterian level 
(4%NISP). Bovinae, corresponding to either bison or au-
roch, appear solely in the Proto-Aurignacian levels, com-

RESULTS

SUMMARY OF THE ARCHAEOZOOLOGICAL 
DATA

Relative Abundance of Taxa
The three assemblages exhibit low rates of identifiable skel-
etal remains—4%NSP in Level A1, 2%NSP in Level A2, and 
2%NSP in Level MS. Notably, a higher proportion of the 
identifiable specimens is located outside the rockshelter’s 
dripline across the three levels, influenced by various ta-
phonomic factors to be detailed in the multivariate tapho-
nomic analysis.

 TABLE 4. RELATIVE ABUNDANCE OF TAXA.* 
 
  Bombrini A1 Bombrini A2 Bombrini MS 

  NISP %NISP %NSP MNI NISP %NISP %NSP MNI NISP %NISP %NSP MNI 
Taxa             
Herbivores             
Bos/Bison sp. 14 8.0 0.3 1 25 11.8 0.2 1 n/a n/a n/a n/a 
Capra ibex 23 13.1 0.5 1 21 9.9 0.2 1 3 4.1 0.1 1 
Capreolus sp. 6 3.4 0.1 1 2 0.9 0.0 1 n/a n/a n/a n/a 
Cervus elaphus 3 1.7 0.1 1 n/a n/a n/a n/a 1 1.4 0.0 1 
Cervus sp. 60 34.3 1.3 1 36 17.0 0.3 1 11 14.9 0.2 1 
Dama dama 1 0.6 0.0 1 n/a n/a n/a n/a n/a n/a n/a n/a 
Equus sp. 2 1.1 0.0 1 11 5.2 0.1 2 1 1.4 0.0 1 
Sus scrofa 2 1.1 0.0 1 6 2.8 0.1 1 3 4.1 0.1 1 
Bovidae size 1/2 1 0.6 0.0 1 n/a n/a n/a n/a 2 2.7 0.0 1 
Caprinae size 1/2 5 2.9 0.1 1 n/a n/a n/a n/a n/a n/a n/a n/a 
Cervidae size 1/2 n/a n/a n/a n/a n/a n/a n/a n/a 1 1.4 0.0 1 
Cervidae size 2/3 5 2.9 0.1 1 3 1.4 0.0 1 4 5.4 0.1 1 
Cervidae 
indeterminate size 2 1.1% 0.0 1 8 3.8 0.1 1 3 4.1 0.1 1 
Artiodactyla size 1/2 n/a n/a n/a n/a 3 1.4 0.0 1 6 8.1 0.1 2 
Artiodactyla size 3/4 14 8.0% 0.3 1 35 16.5 0.3 3 12 16.2 0.2 1 
Artiodactyla 
indeterminate size n/a n/a n/a n/a 3 1.4 0.0 1 7 9.5 0.1 1 
Ungulate size 1/2 4 2.3 0.1 1 1 0.5 0.0 1 n/a n/a n/a n/a 
Ungulate size 3/4 14 8.0 0.3 1 40 18.9 0.4 1 12 16.2 0.2 1 
Ungulate 
indeterminate size  17 9.7 0.4 1 15 7.1 0.1 1 1 1.4 0.0 1 
Carnivores             
Ursus sp. n/a n/a n/a n/a 1 0.5 0.0 1 1 1.4 0.0 1 
Carnivore size 1/2 n/a n/a n/a n/a n/a n/a n/a n/a 1 1.4 0.0 1 
Carnivore size 2/3 2 1.1 0.0 1 2 0.9 0.0 1 5 6.8 0.1 1 
Total NISP 175 100 3.9  212 100 2.0  74 100 1.5  
Indeterminate 4313  96.1  10,211  98.0  4819  98.5  
Total NSP 4488  100  10,423  100  4893  100  
*Number of identified specimens (NISP), total number of specimens (NSP), and minimum number of individuals (MNI). 
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nate limbs and skeletal elements, along with some axial 
skeleton and head elements. Cervinae and ungulates size 
3/4 are primarily represented by limbs, phalanges, and 
head elements, while medium carnivore remains are repre-
sented by head and axial elements.

In Level A2, Cervinae and Caprinae are characterized 
by head, indeterminate limbs, and indeterminate skeletal 
elements with a minimal representation of other skeletal 
portions. In contrast, Bovinae and Equidae exhibit patterns 
primarily represented by lower limb and toe elements with 
a few head elements (see Figure 3). The ungulates size 3/4 
display a prevalence of head elements, accounting for 60% 
of total NISPe, along with axial, limb, and toe elements. The 
scarce medium carnivore and Ursidae elements correspond 
to indeterminate limb fragments (see SI Table 8).

Level MS is distinguished by the dominance of head 
elements across almost all taxa, including medium carni-
vores and Ursidae (see Figure 3). Exceptions include Cer-
vinae and ungulates size 3/4, which show a predominance 
of axial post-cranial skeletal elements—mostly ribs—and 
a few limb and head elements. Finally, Cervidae size 1/2 
and ungulates size 1/2, though less abundant, display some 
lower limb and toe elements, but are mainly head-dominat-
ed (see SI Table 8). 

Age, Sex, and Seasonality Indices
Prime-age adult ungulates dominate the three assemblages 
(SI Table 9). In Level A1, all ageable remains are adult un-
gulates (NISP=3 Cervus elaphus, NISP=1 Dama dama, and 
NISP=1 Capra ibex) with a single exception of one older wild 
boar. Level A2 presents a slightly broader range of ages 
among larger ungulates, predominantly prime-age adults 
(NISP=1 Cervus sp., NISP=2 Cervidae size 2/3, NISP=2 Bos/
Bison sp., and NISP=1 Artiodactyla size 3/4), followed by 
juveniles (NISP=2 Equus sp., and NISP=1 Artiodactyla size 
3/4), and a single element corresponding to an older Equus 

prising the second most abundant taxon in Level A2 with 
12%NISP and the third most abundant in Level A1 with 
8%NISP. Suidae and Equidae, though widespread, remain 
less frequent. Finally, carnivore remains are scarce in the 
Proto-Aurignacian (~1%NISP) and slightly more abundant 
in Level MS (8%NISP), primarily consisting of unidentifi-
able medium-sized carnivores. The presence of a few Ursi-
dae teeth in Levels A2 and MS is also notable (see Table 4).

The relationship between the sample size (ƩNISP) and 
the number of taxa (NTAXA within the sub-assemblages 
(divided between site areas) shows a statistically significant 
correlation (r=0.94, p=0.0048) (SI Figure 3). This correlation 
suggests that variations in sample size influence taxonomic 
richness across the areas of the site. Level A1 (ƩNISP=111) 
is richer but less evenly distributed than A2 (ƩNISP=101) 
(Table 5). Level MS displays the least evenly distributed 
and least rich assemblage. However, it also has the smallest 
sample size, which is more susceptible to bias (ƩNISP=19).

Skeletal Frequencies
Skeletal frequencies across all three assemblages (NISPe) 
exhibit patterns dominated by head (primarily fragmented 
teeth) and limb elements, with notable qualitative trends 
evident at the family and sub-family levels, as well as with-
in the broader ungulate size 3/4 taxonomic category (Figure 
3; SI Table 8). While MNE tallies are too low (MNE<10) to il-
lustrate skeletal frequencies and to statistically assess bone 
survivorship (%MAU) against bone mineral density (BMD) 
and food utility indices, MNE tallies for the most abundant 
taxa (i.e., Cervus sp., Capra ibex, and Bos/Bison sp.) are de-
tailed in SI Tables 11 to 19.

In Level A1, the less abundant taxa, Cervidae size 1/2, 
and Bovinae predominantly include indeterminate limbs 
and skeletal elements, the latter mainly consisting of small 
cortical bone fragments (<2cm) identified using ZooMS. 
Similarly, Caprinae display a predominance of indetermi-

 TABLE 5. TAXONOMIC COMPOSITION OF UNGULATES AT RIPARO BOMBRINI.* 

Faunal assemblages ƩNISP NTAXA H e 1/D 

Level A1 111 7 1.254 0.644 2.600 
Level A2 101 6 1.527 0.595 4.043 
Level MS 19 4 1.028 0.742 2.215 

Level A1 - inside 21 5 0.882 0.548 2.921 
Level A1 - outside 90 7 1.157 0.595 2.360 
Level A2 - inside 26 6 1.277 0.713 4.630 
Level A2 - outside 75 6 1.068 0.596 3.718 
Level MS - inside 5 3 0.688 0.627 2.778 
Level MS - outside 14 4 0.655 0.472 1.849 
*Richness (NTAXA), heterogeneity with Shannon index (H), evenness index (e), and reciprocal of 
Simpson’s index (1/D). 
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MULTIVARIATE INTRA-SITE TAPHONOMIC 
ANALYSIS

General Taphonomic Observations
The largest faunal assemblage, as indicated by the total 
number of specimens is found in Level A2 (NSP=10,423), 
with Levels MS (NSP=4,893) and A1 (NSP=4,488) following 
(see Table 4; Table 6). In each of the three stratigraphic lev-
els, the faunal assemblages located outside the rockshelter 
are smaller than those inside. This is because the area out-
side the dripline encompasses one to two square meters, 
whereas it spans six square meters inside. 

The quarry data in Table 6 clarifies the absolute tallies 
of skeletal remains for each assemblage, still positioning 
the largest assemblage in Level A2 (NSP/m3=14,896), based 
on the volumetric density of skeletal remains. This is fol-
lowed by Level A1 (NSP/m3=8,614) and Level MS (NSP/
m3=4,697). The disparity between site areas remains appar-
ent with a notable wider gap in Level A1, where the volu-
metric density of piece-plotted fauna outside the dripline 
is comparable to that in Level MS. Additionally, the data 

sp. Additionally, post-cranial elements include an indeter-
minate fetal animal. 

In Level MS, all ungulate teeth correspond to prime-
age adults (NISP=1 Cervus elaphus, NISP=3 Cervus sp., 
NISP=2 Cervinae size 2/3, NISP=2 Capra ibex, and NISP=1 
Equus sp.), with the exception of one older ibex and one 
juvenile Artiodactyla size 1/2. In contrast, carnivore teeth 
from this level all correspond to juvenile animals (NISP=1 
Ursus sp., and NISP=2 carnivores size 3). 

Two skeletal elements are associated with male ungu-
lates on the site (see SI Table 9): a Cervidae antler fragment 
recovered in Level A2, and the canine of a prime-age (~2–4 
years) Cervus elaphus recovered in Level MS. Although the 
antler was too altered to be aged, the fragment survived the 
heavy taphonomic alterations on the site, which suggests 
that it was fully mineralized. This could indicate the hunt-
ing of a male deer near the end of its antler cycle (fall or 
winter) or the collecting of shed antlers. The presence of a 
fetal bone in Level A2, if it belongs to an ungulate, indicates 
the likely presence of a gestating female brought on the site 
during winter or spring.

Figure 3. Skeletal frequencies using the number of identified specimens of skeletal elements (NISPe) for the most abundant taxa in 
Level A1 (left), A2 (middle), and MS (right).
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TABLE 6. GENERAL TAPHONOMIC OBSERVATIONS.* 

 
  Level A1 Level A2 Level MS  

inside outside inside outside inside outside 
General assemblage data       
NSP 3656 832 9001 1422 4852 41 
NISP 59 114 95 116 50 24 
NSP.lb 130 95 148 103 59 1 
N ZooMS samples 98 89 77 147 13 14 
Quarry data       
Size of studied area (m2) 6 1 6 1 6 2 
Deposit volume (m3) 0.60 0.33 0.99 0.25 1.81 0.19 
Density of piece-plotted artifacts 
(n/m3)** 

340 
(n=204) 

170 
(n=67) 

319 
(n=316) 

652 
(n=163) 

110 
(n=199) 

58 
(n=11) 

Density of piece-plotted fauna 
(n/m3)** 

32 
(n=19) 

33 
(n=11) 

46 
(n=46) 

116 
(n=29) 

81 
(n=147) 

132 
(n=25) 

Density of bone fragments 
(NSP/m3)** 

6093 2521 9092 5688 2681 216 

Spatial distribution of fauna – 
patchiness 

Patchy Slightly 
patchy 

Highly 
patchy 

Even Slightly 
patchy 

Slightly 
patchy 

Bone state of preservation 
      

%identifiable before ZooMS (NSP) 1.0 4.4 0.8 3.8 0.9 56 
%bone fragments <2cm (NSP) 93 76 96 84 96 37 
%ZooMS success (n ZooMS 
samples) 

27 99 39 50 46 100 

Long bone damage of natural 
processes (NSP.lb) 

      

%Abrasion stage 2 < 18 31 36 36 61 0 
%Abrasion and polish 7 8 5 0 27 0 
%Concretion stage 2 < 20 23 34 25 66 0 
%Manganese coloration stage 2 < 18 35 15 55 20 0 
%Trampling 1 2 2 1 0 0 
%Etching stage 2 < 2 5 7 6 0 0 
%Carnivore gnawing 2 0 1 4 10 0 
%Weathering stage 2 < 2 13 5 9 0 0 
%Modern fractures 15 20 23 33 69 100 
Mean FFI score  5.48 4.12 4.97 4.02 4.92 n/a 
Long bone damage of anthropic 
processes (NSP.lb) 

      

%Fresh fracture angles 13 54 28 48 31 100 
%Burned (carbonized + calcined) 32 21 22 25 7 n/a 
%Anthropic percussion 3.1 6.3 0 4.9 0 n/a 
%Cut marks 0 0 0 1.9 0 n/a 
N Percussion flakes 3 15 13 3 0 n/a 
N Bone manufacture 2 0 2 0 0 n/a 

*See SI Table 4 for detailed information on the taphonomic variables. 
**The measures of density correspond to the theoretical concentration of remains per cubic meters.  
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ing higher outside the rockshelter in Levels A1 (35%NSP.
lb) and A2 (55%NSP.lb). Unfortunately, further taphonom-
ic analysis on long bone shafts outside the rockshelter in 
Level MS is not possible due to the recovery of only one 
long bone diaphysis. 

Other taphonomic processes generally affect less than 
10% of the Proto-Aurignacian long bone shaft assemblages 
(see Figure 5), although slight variations are noted, such 
as increased bone weathering outside the rockshelter, es-
pecially in Level A1. Abrasion with polish and carnivore 
alterations, are more prevalent in Level MS, affecting 27% 
and 10% of the long bone shafts, respectively.

Few anthropic surface alterations were observed on 
long bone shaft fragments, most likely masked by the 
heavy concretion and abrasion. Cut marks are complete-
ly absent from Levels A1 and MS and are only present on 
two bone shaft fragments in Level A2–outside. Percussion 
marks are somewhat more frequent, present on 3% of the 
long bone shafts in Level A1–inside, 6% in Level A1–out-
side, and 5% in Level A2–outside. The most notable an-
thropic alteration observed on long bone shafts at Riparo 
Bombrini is burning, varying between 20% and 32% in the 
Proto-Aurignacian levels, compared to 7% in Level MS. Fi-
nally, a few bone flakes resulting from direct percussion 
(n=34), along with four bone fragments with modifications 
related to tool manufacture were recovered in both Proto-
Aurignacian levels (see Table 6). 

Bone Completeness and Fragmentation, Agents of Bone 
Accumulation and Carcass Processing
Many of the taphonomic variables concerning bone com-
pleteness and fragmentation did not yield notable results 
due to the low NISP and NISP.lb data for small and large 
game, particularly inside the rockshelter and in Level MS. 
Despite this, the data in Table 7 suggest that bone attrition 
is influenced by bone density. The mean FFI index, poten-
tially indicating pre-depositional attrition, typically shows 
higher values inside than outside the rockshelter compared 
to outside for both small and large game, wherever data 
is available. In addition, the mean FFI values are generally 
higher for the small game within each level. This suggests 
that larger animals exhibit higher levels of fresh fractures 
than small ones across the assemblages.

The taphonomic variables calculated to identify the 
agents of bone accumulation reveal a higher concentra-
tion of carnivore-related alterations in Level MS compared 
to the two Proto-Aurignacian levels, as shown in Table 8. 
They also suggest a near-absence of human-related actions, 
such as percussion marks and burned bones, on taxonomi-
cally identified taxa within Level MS. 

The taphonomic variables focused on carnivore-related 
action, depicted in Figure 6, underscore higher indices of 
carnivore accumulation in Level MS. For instance, approxi-
mately 45% of the total weight of coprolites recovered with-
in our sample of the site comes from Level MS, compared 
to 25% and 30% from Levels A2 and A1, respectively. How-
ever, the coprolite densities should be approached with 
caution, as all identified coprolites are of small size (<1cm) 

illustrate variable concentrations of piece-plotted artifacts 
relative to the volume of excavated deposit across site ar-
eas and archaeological levels. The Proto-Aurignacian levels 
generally exhibit higher artifact densities than the Mous-
terian level. While Level MS has similar artifact densities 
inside and outside the rockshelter, Level A1 is denser in 
artifacts inside the rockshelter, and Level A2 shows a much 
higher density of artifacts outside the dripline.

The spatial distribution of the piece-plotted faunal 
remains suggests potential clustering patterns (Figure 4). 
In Level A1, bones cluster around the small combustion 
feature in square-meter unit B1, whereas they are more 
uniformly distributed in Level A2 (Vallerand et al. 2024). 
Inside the rockshelter, the distribution of piece-plotted 
skeletal remains is relatively even except in unit FF3, where 
a high concentration of bones fills a discard pit adjacent 
to a disturbed area. This pattern is consistent in Level A2. 
In Level MS, bones are primarily concentrated within the 
combustion area and its vicinity. The collapse events of the 
rockshelter roof during the deposition of Level MS account 
for the recovery of some skeletal remains beneath the large 
blocks.

All three faunal assemblages located inside the rock-
shelter exhibit a low rate (≤1%NSP) of identifiable skeletal 
remains before ZooMS analysis. In contrast, the area out-
side the dripline shows higher identifiability—4.4%NSP 
in Level A1, 3.8%NSP in Level A2, and 56%NSP in Level 
MS. This discrepancy is primarily due to the degree of frag-
mentation as shown by the frequency of bone fragments 
smaller than 2cm, and the readability of bone surfaces ob-
scured by concretion (see Table 6). In Level MS, the percent-
age of identifiable remains outside the rockshelter is also 
overestimated due to a comparatively small sample size 
(NSP=41), partly explained by the recovery methods in the 
Mousterian levels on the site (see Table 1). However, the 
area’s better morphological preservation is evidenced by a 
few near-complete skeletal elements in anatomical connec-
tion, such as the three aligned ribs with intact bone surfaces 
recorded in square-meter unit C1, which we identified as 
red deer with ZooMS (see Figure 9 below). In addition to 
the better morphological integrity outside the rockshelter, 
collagen preservation is notably better in this area as well as 
across the three archaeological levels, as evidenced by the 
ZooMS success rates (after FTIR screening)—99% in Level 
A1, 50% in Level A2, and 100% in Level MS. This contrasts 
with the rates inside the rockshelter—27% in Level A1, 39% 
in Level A2, and 46% in Level MS (see Table 6). 

Aside from fragmentation, the primary taphonomic 
processes influencing our three faunal assemblages include 
abrasion and concretion. These processes impact over 60% 
of long bone shaft fragments in Level MS–inside, 25 to 35% 
in Level A2, and 15 to 25% in Level A1 (Figure 5). Addition-
ally, a high number of modern fractures are associated with 
the presence of concretions; this is because the excavation 
of heavily concreted skeletal remains frequently requires 
the use of hammers and chisels.

The intensity of manganese coloration is similar across 
the three assemblages but varies spatially within each, be-
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Figure 4. Spatial distribution of the piece-plotted bones within Level A1 (top), Level A2 (middle), and Level MS (bottom).
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Proto-Aurignacian levels, while such alterations are nearly 
absent in Level MS.

Additionally, the frequency of burning levels between 
bone type categories illustrates a clear pattern in Level 
A2 inside the rockshelter, where the relative abundance 
of burned and calcined cancellous bones is much higher 
than that of burned bone shaft fragments (Figure 7). This 
pattern is also present in Level A1, albeit less pronounced 
than in Level A2. Outside the rockshelter, the frequency of 
burned bone shaft fragments is comparable to or exceeds 
that of burned cancellous bones. In Level MS, all catego-
ries of bone types are less prevalent compared to the Proto-
Aurignacian levels. 

and were systematically collected only in square-meter unit 
EE3. The frequency of small and large carnivores accounts 
for 8%NISP in Level MS, compared to ~1%NISP in both 
Proto-Aurignacian levels (see Table 4). Notably, all carni-
vore skeletal remains are located inside the rockshelter in 
Level MS and Level A1, while the two elements in Level A2 
are split between both sides of the dripline. 

Finally, the taphonomic variables related to anthropic 
carcass processing reveal variations in fracture freshness 
(expressed as mean FFI) and in the distribution of bone 
flakes and percussion marks across different ungulate taxa 
and site areas (Table 9). Data indicate a higher frequency of 
anthropogenic modifications outside the rockshelter in the 

Figure 5. Summary of long bone surface damage illustrated from data in Table 6. Frequencies of the total number of specimens of long 
bone shaft fragments (NISP.lb) in Level A1 (top), Level A2 (middle), and Level MS (bottom).
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preservation limiting statistical comparisons of intra-indi-
vidual and temporal variability, some qualitative observa-
tions can be drawn. For instance, slightly lower δ13C val-
ues are observed in Cervus/Capreolus, when compared with 
Capra/Rupicapra, Sus sp., and Bos/Bison sp. This is consistent 
with cervid species inhabiting more partially forested areas 
than the three other taxa feeding on more open landscapes 
(Drucker et al. 2008). 

When plotted, δ13C and δ15N values of all species range 
between 4‰ and 6‰ except for Bos/Bison sp., which exhib-
ited higher δ15N and δ13C values possibly indicative of its 
diverging ecological habits involving grass eating in open 
landscapes (see SI Figure 4). In addition, a small cluster 
represented by Capra/Rupicapra appears when δ13C and δ34S 

STABLE ISOTOPIC ANALYSIS
The results on the sixteen selected bone samples indicate 
poor collagen preservation, with only half of the samples 
with collagen yields higher than 1%. Seven samples exhib-
ited an atomic C:N ratio between 3.2 and 3.5, which was 
considered sufficient for interpretation despite only a large 
bovine sample from Level M5 having a %N higher than 11 
and a %C higher than 30. We considered the C:N ratio to 
interpret the values cautiously. Overall, the results show 
δ13C, δ15N, and δ34S value ranges that are consistent with an-
imals inhabiting terrestrial ecosystems feeding on C3 plants 
as observed in ecosystems during the upper Pleistocene 
(see SI Table 3) (Jones et al. 2018; Nehlich 2015). Despite the 
low number of individuals analyzed and the poor collagen 

 TABLE 7. TAPHONOMIC OBSERVATIONS ON BONE COMPLETENESS AND FRAGMENTATION.* 
 
 Level A1 Level A2 Level MS 

 Inside Outside Inside Outside Inside Outside 

General data 
      

NISP small game 9 32 10 23 10 4 

NISP large game 31 82 65 85 21 20 

NISP.lb small game 4 16 0 12 0 0 

NISP.lb large game 10 38 9 28 0 1 

Density-mediated attrition 
      

Ratio NISP of small game: NISP of large game 0.29 0.39 0.15 0.27 0.52 0.2 

%bone fragments >4cm (NISP of small game) 0 3 10 22 0 75 

%bone fragments >4cm (NISP of large game) 6 29 9 32 5 80 

Ratio N compact bones: n long bones and 
  axial elements (small game) 

0 (n=5) 0.05 (n=22) 1 (n=2) 0.07 (n=15) 1 (n=2) 0.5 (n=3) 

Ratio compact bones: long bones and axial 
  elements (large game) 

0.25 (n=15) 0.1 (n=53) 0.08 (n=14) 0.4 (n=48) 1 (n=4) 0 (n=16) 

Ratio N appendicular cancellous bone:  
  n appendicular cortical bone 

0.5 (n=192) 0.03 (n=98) 0.6 (n=236) 0.2 (n=119) 0.05 (n=62) 1 (n=2) 

Post-depositional in situ attrition 
      

%completeness of tarsals and carpals (small 
  game) 

n/a n/a n/a n/a n/a n/a 

%completeness of tarsals and carpals (large 
  game) 

n/a 5 0(n=2) n/a 62.5 (N=4) n/a n/a 

%completeness of phalanx1 and phalanx2 
  (small game) 

n/a 100 (n=1) 100 (n=1) n/a n/a 100 (n=1) 

%completeness of phalanx1 and phalanx2 
  (large game) 

25 (n=3) 25 (n=1) 25 (n=1) 25 (n=4) 25 
(n=2) 

0 

Ratio N cranial: n tooth fragments  0.07 (n=88) 0.5 (n=24) 0.02 (n=188)  0(n=38) 0.03 (n=104) 0.4 (n=7) 

Ratio MNE cranial: MNE tooth elements 
  (small game) 

0 (n=2) 1 (n=2) 0 (n=3) 0 (n=1) 0 (n=8) 1 (n=4) 

Ratio MNE cranial: MNE tooth elements 
  (large game) 

0 (n=3) 0.8 (n11)  0(n=6) 0 (n=8) 0 (n=6) 0 (n=3) 

Pre-depositional fragmentation 
      

Mean FFI (NISP.lb of small game) 5.8 4.3 n/a 3.08 n/a n/a 

Mean FFI (NISP.lb of large game) 5 3.4 6 2.6 n/a 2 

*See SI Table 5 for detailed information on the taphonomic variables. 
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at Riparo Bombrini strongly influences bone fragmenta-
tion and preservation. While a direct statistical correlation 
between bone mineral density and skeletal survivorship 
could not be established due to limited data, other tapho-
nomic indicators (e.g., abundance of bones >4cm, mean FFI, 
ratios of less dense to dense remains) consistently point to a 
density-mediated attrition pattern (see Tables 6 and 7). This 
pattern is especially pronounced within the rockshelter and 
underscores better morphological and molecular preserva-
tion outside the dripline. The predominant factors contrib-
uting to this attrition include natural post-depositional in 
situ processes, possibly bone-crushing by sediment com-
paction, and repeated freeze-thaw cycles (Lyman 1994; 
Marean 1991), as suggested by the low cranial-to-tooth ra-
tios (see Table 7).

values are plotted. The higher δ34S values of the two cap-
rine bone fragments from the Proto-Aurignacian Level A1 
might be related to habitat in higher altitudes (see SI Figure 
4). Finally, despite proximity to the Mediterranean shore-
line, ungulate species do not exhibit the expected higher 
δ34S values typical of marine ecosystems (Jones et al. 2018). 
Considering our limited dataset, this aspect would require 
further investigation of the δ34S variability within the Ligu-
ro-Provençal region. 

DISCUSSION

LEADING CAUSES OF PRESERVATION BIAS 
AND ATTRITION
Our first line of taphonomic investigation at Riparo Bom-
brini reveals that the mineral density of the skeletal remains 

 
TABLE 8. TAPHONOMIC OBSERVATIONS ON BONE ACCUMULATION.* 

  
Level A1 Level A2 Level MS 

 Inside Outside Inside Outside Inside Outside 
General Data       
NSP 3656 832 9001 1422 4852 41 
NISP 59 114 95 116 50 24 
NISP small game 9 32 10 23 10 4 
NISP large game 31 82 65 85 21 20 
NISP.lb small game 4 16 0 12 0 0 
NISP.lb large game 10 38 9 28 0 1 
NSP.lb 130 95 148 103 59 1 
Deposit volume (m3) 0.60 0.33 0.99 0.25 1.81 0.19 
Carnivore action 

      

% of carnivores (NISP) 3.3 0 1 1.7 14 0 
N Coprolites 427 n/a 1141 n/a 4586 n/a 
Density of coprolites g/m3 of sediment 106 n/a 88 n/a 154 n/a 
%long bone shafts >1/2 circumference (NSP.lb) 4.6 9.5 11.4 4.9 23.7 100 
%long bone shafts >1/2 circumference (NISP.lb 
  of small game) 

0 12.5 n/a 16.7 n/a n/a 

%long bone shafts >1/2 circumference (NISP.lb 
  of large game) 

0 18.4 22.0 7.1 n/a 100 

%gnawed (NSP) 0.08 0 0.04 0.8 2 7.3 
%gnawed (NISP of small game) 0 0 0 13 20 50 
%gnawed (NISP of large game) 3.2 0 0 7.1 9.5 5 
%head (NISP of small game) 22.2 6.3 30.0 4.3 80.0 100.0 
%head (NISP of large game) 9.7 13.4 10.8 9.4 28.6 15.0 
%head (NSP) 2.4 2.9 2.1 2.7 2.1 17.1 
Human action 

      

%percussion marks (NISP of small game) 0 0 0 4.3 0 0 
%percussion marks (NISP of large game) 9.7 3.7 0 4.7 0 0 
%burned bones (NISP of small game) 44.4 0 20 0 0 0 
%burned bones (NISP of large game) 3.2 4.9 21.5 15.3 0 0 

*See SI Table 6 for detailed information on the taphonomic variables.
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and post-deposition fragmentation, digested splinters and 
coprolites provide insights. Although Level MS contains 
the highest number of coprolites and digested bones on the 
site, their relative abundance is low, digested splinters ac-
counting for less than 2% of the NSP inside the rockshelter 
and the volumetric density of coprolites (154g/m3) being 
only slightly higher than in Level A1 (106g/m3). These data, 
along with 8%NISP of carnivore remains—below the 20% 
threshold for den assemblages (Pickering 2002), suggests a 
nuanced view of carnivore activity. Nevertheless, the pres-
ence of carnivore juvenile teeth and a head-dominated as-
semblage inside the rockshelter supports a possible den-
ning scenario (see Figure 3; SI Table 9). However, definitive 
conclusions require additional taphonomic analysis of 
more recent excavation data, including coprolite recovery, 
to better define these interactions on a larger area of the 
site.

HUNTING STRATEGIES AT RIPARO
BOMBRINI
The paucity of identified specimens and anthropic marks, 
other than burnt bones, across the three faunal assemblages 
at Riparo Bombrini considerably limits the depth of discus-
sion possible regarding hunting strategies. Nonetheless, 
certain patterns warrant consideration as working hypoth-
eses. The overarching pattern of animal exploitation at Rip-
aro Bombrini suggests sustained exploitation of large cer-

AGENTS OF BONE ACCUMULATION
Despite heavy post-depositional attrition, such as abrasion, 
concretion coverage, and fragmentation, our second line 
of investigation points to a primary anthropic accumula-
tion of the skeletal remains in the Proto-Aurignacian and a 
mixed accumulation by humans and carnivores in the Late 
Mousterian. In the Proto-Aurignacian, the scarcity of an-
thropic bone alterations such as cut marks and percussion 
marks might be explained by the post-depositional attri-
tion, or alternatively, part of the assemblage may have been 
accumulated by carnivores. However, the high density of 
artifacts and frequent occurrence of burned bones sug-
gest prevalent anthropic activities. The few gnawed skel-
etal remains were only observed on post-cranial elements 
in these levels, supporting the hypothesis that they result 
from carnivores scavenging butchery byproducts. Gnaw-
ing damage is commonly recorded on human-generated 
fauna, especially when large quantities of skeletal remains 
are piled in refuse areas—such as the uniformly distributed 
accumulation observed in Level A2 outside the rockshelter 
(see Figure 4) (Stiner 1994). 

In Level MS, a slight increase in carnivore gnaw marks 
inside the rockshelter (see Table 8: 2%NSP, compared with 
<0.1%NSP in Levels A1 and A2) suggests a potential role of 
carnivores in bone accumulation and fragmentation before 
burial. While it is challenging to confirm if carnivores used 
the site as a den due to the masking effect of concretion 

Figure 6. Carnivore action illustrated from data in Table 8. Frequencies of the number of identified specimens (NISP) and total num-
ber of specimens (NSP) in Level A1 (red), Level A2 (yellow), and Level MS (green).



Neanderthal and Modern Human Subsistence at Riparo Bombrini • 317

presence of red deer in Level A1 could stem from skeletal 
aggregates identified multiple times via ZooMS, potential-
ly causing taxonomic overrepresentations (see Multivariate 
Approach with the Integration of ZooMS section below).

Employing ethological and ethnological models along-
side the faunal evidence of the most abundant taxa (i.e., red 
deer, ibex, and Bos/Bison sp.) can help flesh out potential 
hunting and carcass transport strategies adopted at Riparo 
Bombrini. The consistent representation of red deer and the 
presence of anthropic marks or fresh fractures with no car-

vids and other medium and large ungulate taxa available 
in the surrounding environment (see Table 4). Notably, 
the relative abundance of various ungulate taxa fluctuates 
across the three assemblages. Level A1, for instance, shows 
a slightly richer and more evenly distributed taxonomic 
composition compared to the stratigraphically underly-
ing Level A2. While this difference might be attributed to 
a narrowing of prey selection from Level A2 to Level A1, 
it is more probable that these variations are significantly 
skewed by low NISP tallies. Moreover, the pronounced 

 TABLE 9. TAPHONOMIC OBSERVATIONS ON CARCASS PROCESSING.* 
 
 Level A1 Level A2 Level MS 
 Inside Outside Inside Outside Inside outside 
General data       
NISP Cervinae 10 59 12 27 3 13 
NISP.lb Caprinae 0 12 0 11 0 0 
NISP.lb Capreolinae 0 4 0 0 0 0 
NISP.lb Cervinae 3 24 2 14 0 1 
NISP.lb Bovinae 5 5 0 7 0 0 
NISP.lb Equidae 0 0 2 0 0 0 
NSP 3656 832 9001 1422 4852 41 
Marrow extraction       
Mean FFI (NISP.lb of Caprinae) n/a 3.08 n/a 3.4 n/a n/a 
Mean FFI (NISP.lb of Capreolinae) n/a 5.25 n/a n/a n/a n/a 
Mean FFI (NISP.lb of Cervinae) 5.3 3.08 6 2.4 n/a 2 
Mean FFI (NISP.lb of Bovinae) 4.4 3.4 n/a 3.1 n/a n/a 
Mean FFI (NISP.lb of Equidae) n/a n/a 6 n/a n/a n/a 
N bone flakes of Cervus sp. 0 9 0 0 0 0 
N bone flakes of Capreolus sp. 0 1 0 0 0 0 
N bone flakes of Capra sp. 0 1 0 0 0 0 
N bone flakes of Sus sp. 0 1 0 0 0 0 
N bone flakes of Bos/Bison sp. 0 0 0 1 0 0 
N bones of Cervus sp. with percussion marks 0 2 0 0 0 0 
N bones of Capra sp. with percussion marks 0 0 0 1 0 0 
N bones of Bos/Bison sp. with percussion marks 2 0 0 2 0 0 
N bones of Capra sp. with cut marks 0 0 0 1 0 0 
N bones of Cervus sp. with fresh fractures** 2 32 0 10 1 2 
N bones of Bos/Bison sp. with fresh fractures** 4 4 0 10 0 0 
N bones of Capra sp. with fresh fractures** 1 10 0 8 0 0 
N bones of Capreolus sp. with fresh fractures** 0 2 0 1 0 0 
N bones of Sus sp. with fresh fractures** 0 1 0 1 1 0 
N bones of Equus sp. with fresh fractures** 1 0 0 0 0 0 
Grease rendering       

%cancellous unburned bones (NSP) 3.5 5.6 5.3 2.2 1.9 4.9 
%epiphysial cancellous unburned bones (NSP) 0.8 0.1 0.5 0.6 0.1 2.4 
%cancellous bones (NISP of small game 0 3.1 0 0 0 0 
%epiphysial cancellous bone (NISP of small game 0 0 0 0 0 0 
%cancellous bones (NISP of large game) 3.2 4.9 1.5 8.2 0 5 
%epiphysial cancellous bone (NISP of large game) 0 1.2 0 4.7 0 0 
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Figure 7. Bone fuel illustrated from data in Table 9. Frequencies of the total number of specimens (NSP) in Level A1 (red), Level A2 
(yellow), and Level MS (green).

 TABLE 9. TAPHONOMIC OBSERVATIONS ON CARCASS PROCESSING (continued).* 
 
 Level A1 Level A2 Level MS 
 Inside Outside Inside Outside Inside outside 
Bone fuel (NSP)       

%burned bones 55.0 40.7 51.2 55.9 24.8 24.4 
%calcined bones  10.3 6.0 12.1 6.7 1.7 7.3 
%cranial unburned bones  2.0 2.6 1.7 1.9 2.1 14.6 
%cranial burned bones 0.4 0.2 0.4 0.8 0.1 2.4 
%axial post-cranial unburned bones 0.3 2.0 0.4 1.5 0.2 36.6 
%axial post-cranial burned bones 0.3 0.1 0.2 0.1 0.0 0.0 
%appendicular unburned bones 2.6 9.4 1.4 6.3 1.4 9.8 
%appendicular burned bones 1.3 1.9 0.5 2.3 0.1 2.4 
%cancellous bones 7.4 4.7 17.1 4.9 2.2 4.9 
%cancellous burned bones 3.9 1.4 11.7 2.7 0.4 2.4 
%cancellous calcined bones 1.6 0.7 4.5 0.8 0.0 0 
%burned long bone diaphysis fragments  1.1 2.4 0.4 1.8 0.1 0 

*See SI Table 7 for detailed information on the taphonomic variables. 
**And no carnivore marks. 
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flakes, percussion marks, and fresh fracture angles on long 
bones without carnivore gnawing, are noted on both sides 
of the dripline in the Proto-Aurignacian (see Table 9; Figure 
8). However, this scenario is expressed with caution since 
bone flakes and fresh fracture angles could also be the re-
sult of trampling or carnivore bone cracking.

Nevertheless, in Level A2, bone flakes near the large 
hearth are associated with a high abundance of artifacts, 
likely indicating anthropic long bone cracking in the area. 
Conversely, such flakes are nearly absent in this area of 
Level A1, whereas they are present in association with the 
secondary combustion feature outside the rockshelter. The 
latter concentration coincides with the highest incidence of 
fresh fracture angles and percussion marks on the site (see 
Table 6). The small combustion feature recorded in Level A1 
may correspond to shorter occupations of the site, indepen-
dent of those occurring closer to the rockshelter wall. This 
hypothesis is supported by the relatively low volumetric 
density of bone fragments (NSP), comparable to Level MS 
in this area (see Table 6).

In Level MS, documenting carcass butchering and mar-
row extraction presents additional challenges to extensive 
concretion coverage. Despite this, the proportion of fresh 
fracture angles inside the rockshelter is proportionally 
comparable to Level A2, suggesting possible bone crack-
ing activities. Outside the dripline, the absence of bone 
flakes, percussion marks, and cut marks, even on well-
preserved remains, also suggests minimal carcass process-
ing. However, the presence of deer ribs in partial anatomi-
cal alignment, combined with experimental evidence that 
deer rib cages can be efficiently disarticulated with direct 
percussion, leaving most ribs intact, suggests human activ-
ity (Vigne 2006). Notably, two deer ribs exhibit fresh and 
right-angled fractures similar to the experimental patterns 
(Figure 9), and two red deer femur fragments with helical 
fractures suggest carcass processing in Level MS.

While grease rendering seems unlikely at Riparo 
Bombrini – evidenced by preserved collagen in unburned 
bones and the absence of heated rock accumulations, the 
primary pre-depositional biotic factor impacting the Proto-
Aurignacian faunal assemblages appears to be the use of 
grease-rich bones (i.e., epiphysial bone) for fuel, given their 
well-documented combustible properties (Costamagno et 
al. 2005; Morin 2010; Théry-Parisot et al. 2004). This pat-
tern, previously identified in the Proto-Aurignacian levels 
(Pothier Bouchard et al. 2020), is particularly pronounced 
in Level A2 (see Figure 7), supporting our hypothesis that 
modern humans exploited ungulate carcasses more inten-
sively there compared to Level A1. Moreover, the pattern 
of bone used as fuel is not observed outside the rockshelter 
in both Proto-Aurignacian levels. In Level A1, the absence 
of such activity around the small combustion feature sug-
gests shorter occupations where expedient fuel manage-
ment would have been used. Conversely, the systematic 
use of grease-rich elements for fuel in more prolonged oc-
cupations suggests a deliberate strategy of curating fuel re-
sources and more organized waste management strategies.

nivore marks on some skeletal remains across the three lev-
els (see Table 9) suggest the exploitation of this species by 
human groups throughout the Middle-Upper Paleolithic 
Transition at Riparo Bombrini. Red deer, being relatively 
non-migratory, would have been available year-long at the 
Balzi Rossi. Seasonal changes observed in extant herd com-
position, particularly the grouping behavior of females for 
protection and the solitary nature of males except during 
pre-rut summer gatherings (Steele 2002), could have influ-
enced specific hunting tactics such as collaborative hunts 
on larger herds. The recovery of adult skeletal elements 
from all portions (i.e., axial and appendicular) within the 
three levels suggests that groups of red deer were accessi-
ble, providing a stable food source in proximity to the site. 

Summer migrations to higher altitudes, commonly 
observed for the extant red deer populations (Steele 2002), 
could also have influenced hunting practices at Riparo 
Bombrini, given its proximity to the Pre-Alps. In Level A2, 
the presence of deer antler fragments could reflect the op-
portunistic hunting of solitary prime males during winter 
or early spring or, alternatively, the gathering of shed ant-
lers. Although direct indicators of seasonality are nearly 
absent, the presence of an indeterminate fetal bone in Level 
A2 may also suggest winter/early spring occupations, war-
ranting further investigation in future studies that include 
a larger faunal sample of the latest excavations at Riparo 
Bombrini and associated malacofauna. 

In the Proto-Aurignacian levels, ibex skeletal remains 
are also relatively well-represented and exhibit some an-
thropic alterations (see Table 9). Ibex, typically living in 
sexually segregated groups for most of the year, may have 
been accessible in close proximity to the Balzi Rossi dur-
ing colder seasons and at higher altitudes during warmer 
months (Acevedo and Cassinello 2009). The latter is also 
suggested qualitatively by elevated δ34S values in two cap-
rine remains from Level A1 (see SI Figure 4). This hypoth-
esis evokes the pattern observed at Fumane cave in north-
eastern Italy, where the Proto-Aurignacian levels exhibit a 
prevalence of ibex and chamois. At Fumane, this narrowed 
taxonomic diversity aligns with reduced forest covers and 
lower biomass, conditions tied to the severe climatic shifts 
of Heinrich 4 Event (Marín-Arroyo et al. 2023).

Finally, Bovines (i.e., bison or aurochs) are similarly 
abundant to ibex in the Proto-Aurignacian levels. Being 
gregarious animals, they likely required cooperative hunt-
ing strategies. These large ungulates usually group in herds 
of ten to twenty animals, which can be more or less seden-
tary depending on the habitat (forested vs. grassland) and 
available resources (Julien 2011; White et al. 2016). 

DIFFERENTIAL CARCASS TREATMENTS 
Surface alterations are limited across the faunal assem-
blages, yet the presence of unburned axial post-cranial (i.e., 
ribs and vertebrae) and appendicular elements outside the 
rockshelter in both Proto-Aurignacian levels suggests pri-
mary butchery activities such as disarticulation of the axial 
skeleton. Secondary butchery practices, evidenced by bone 
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evidenced by the low density of artifacts, scant retouched 
tools, a truncated lithic chaîne opératoire, and alternating oc-
cupations with carnivores. This evidence could align with 
the concept of brief stopping-places described by Daujeard 
and Moncel (2010) in the Rhone Valley during MIS 6–3, 
which they suggest to be very short-term camps normally 
located in-between two long-term residential camps.

Conversely, Levels A1 and A2 indicate continuous use 
of the site by modern humans as a base camp, evidenced 
by high artifact densities, extensive lithic retouched tools, 
spatially organized activities, complete lithic chaînes opéra-

SITE FUNCTION THROUGH TIME
Previous research on Levels A1, A2, and MS at Riparo Bom-
brini has highlighted varying types of occupation of the site 
over time (Pothier Bouchard et al. 2020; Riel-Salvatore and 
Negrino 2018a; Riel-Salvatore et al. 2022). Our study cor-
roborates previous interpretations and helps discuss the 
hypothesis of three site functions—ephemeral base camp 
in Level MS, long-term base camp in Level A2, and short-
term base camp in Level A1 (Table 10). 

In Level MS, the faunal data supports the hypothesis of 
scant, ephemeral occupations of the site by Neanderthals as 

Figure 8. Examples of anthropic marks at Riparo Bombrini. A) Mousterian, from left to right: Cervus tibia with fresh fracture and cut 
marks (BOM15 in Level M4), Cervus metatarsal with fresh fracture (BOM 13 in Level M3). B) Protoaurignacian, Cervus-Capre-
olus humerus with fresh fracture (BOM02 in Level A1), Capra-Rupicapra long bone with an impact point (BOM04 in Level A1).
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SUBSISTENCE, LAND-USE, AND MOBILITY 
STRATEGIES AT RIPARO BOMBRINI
Our results support and broaden previous hypotheses 
about mobility and land-use strategies at Riparo Bombrini 
during the transition, as summarized in Table 11. 

The Semi-Sterile Mousterian 
Previous research on Level MS advanced the hypothesis 
that this deposit reflects the adaptation of some of the 
last Neanderthals in Italy within the context of the Ligu-
rian biogeographical refugium (Riel-Salvatore et al. 2022). 
Neanderthals could have taken advantage of the proxim-
ity of the “I Ciotti” conglomerates to adopt a hyper-local 
subsistence range, as evidenced by the near absence of 
circum-local and exotic lithic materials in Level MS. The 
prevalence of a discoid reduction strategy taking over the 
Levallois documented in underlying Mousterian levels also 
suggests increased mobility. The faunal record aligns with 
this narrative, where Neanderthals appear to have adopted 
a restricted diet focused on red deer, contrasting with the 

toires, and the presence of at least a few indices of primary 
and secondary carcass butchery. However, the nature of 
the occupations of the base camp appears to have changed 
through time, transitioning from extended and more in-
tensive stays in Level A2 to shorter and less spatially orga-
nized occupations in Level A1 (see Table 10). 

Level A2 likely saw repeated use of grease-rich bones 
for fuel within the rockshelter during extended stays, 
alongside careful waste management that included trash 
pits (see Figure 4). Outside the rockshelter, the area could 
have served as a discard site, including a “bone dump,” 
which is suggested by dense and uniformly distributed 
skeletal accumulation (Vallerand et al. 2024). 

In Level A1, a secondary combustion feature outside 
the rockshelter with a few pieces of evidence of primary 
and secondary butchery and no clear pattern of bone fuel 
suggests independent shorter occupations of the site. In-
side the rockshelter, bone fuel use continues with a weaker 
signal, suggesting less curated management of the grease-
rich bones. 

Figure 9. Cervid ribs in Level MS showing potential stigmata of disarticulation with direct percussion as described by Vigne (2006: 
18): (upper) C1.IV/1.486 – direct percussion, (bottom) C1.IV/1.501 – perpendicular angle. Vicino’s fieldnotes indicating their in situ 
recovery. Stimata indicated with green dashed circles.
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TABLE 10. SUMMARY OF FAUNAL AND LITHIC DATA 
REGARDING SITE FUNCTION AT RIPARO BOMBRINI. 

 
 Level A1 Level A2 Level MS 
Comparative taphonomy     
Anthropic Pre-depositional attrition High High Medium 
Carnivore Pre-depositional attrition Low Low Medium 
In situ Post-depositional attrition High High High 
Hypothesis on faunal data    
Agents of bone accumulation Recurrent human Recurrent human Alternating human/carnivore 
Seasonality of animal procurement Absence of seasonality indices Possible seasonal occupations Absence of seasonality indices 
Animal procurement strategy Mostly generalist Mostly generalist Unclear 
Carcass transport strategy Some possible whole carcasses 

of small and large ungulates 
Some possible whole 

carcasses of small and large 
ungulates 

Some possible whole carcasses 
of cervids 

Butchery activities Scarce evidence of primary 
and secondary inside and 

outside the rockshelter 

Scarce evidence of primary 
outside, secondary inside and 

outside the rockshelter 

Primary and secondary (no 
specific spatial data) 

Bone fuel management Presence Curated None 
Lithic data*    
Technological system Bladelet-based Bladelet-based Discoid flaking 
Density of artifacts High Highest (outside) Lowest 
Abundance of retouched tools 
  (including bladelets) 

High Highest Lowest 

Chaîne opératoire completeness Complete Complete Partial 
Site function hypothesis Short-term base camp Long-term base camp Ephemeral base camp 

*Data from Riel-Salvatore and Negrino (2018a), Riel-Salvatore et al. (2022a). 
 

 TABLE 11. SUMMARY OF THE SUBSISTENCE AND MOBILITY 
AT RIPARO BOMBRINI FROM PRESENT AND PREVIOUS RESEARCH. 

 
 Level A1 Level A2 Level MS 
Paleoenvironment* More temperate and mesic Cold and arid, HE 4 Coldest and most arid 
Resource procurement strategies    
Large ungulate exploitation Relatively close range Relatively close range Close range 
Small ungulate exploitation Relatively close range Relatively close range n/a 
Techno-economic strategy* Curated Less curated Expedient 
Chaîne opératoire completeness on local 
resources 
  (<5km)* 

Complete Complete, more bladelets and 
finished tools 

Complete, mostly flakes 
and chunks 

Chaîne opératoire completeness on circum-local 
  resources (10–20km)* 

Partial, bladelets only Partial, bladelets only Partial, sporadic flakes 

Chaîne opératoire completeness on exotic 
resources 
  (30–350km)* 

Complete, higher 
frequency of debris of 

curated tools 

Complete, higher frequency 
of retouched tools (material 

“stockpiling”) 

Partial, sporadic flakes 
and chunks 

Hypotheses on subsistence and mobility    
Degree of mobility High Low Very high 
Mobility strategy Residential Logistical Residential 
Subsistence range Extensive 

Strong link with SE France 
Extensive 

Strong link with SE France 
Hyper-local 

Weak link with SE France 
Diet breadth Broad Broadest Narrow 

*Data from previous research (Holt et al. 2019; Riel-Salvatore et al. 2013; 2022; Riel-Salvatore and Negrino 2018a, b; Pothier-Bouchard et al. 2020). 
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CHANGING HUMAN-ENVIRONMENTAL
RELATIONSHIP DURING THE TRANSITION 
IN THE LIGURO-PROVENÇAL ARC
The data available on faunal composition and skeletal 
representation during the interval of the transition in the 
Liguro-Provençal arc suggests continuous exploitation of 
locally available medium and large ungulates by Neander-
thals and modern humans, primarily selecting prime adults 
and transporting whole carcasses or the meatier parts of 
larger ungulates back to their base camps (Perez et al. 2022; 
Pothier Bouchard et al. 2020; Valensi and Psathi 2004). The 
isotope data obtained in this study align with a general pa-
leoenvironmental portrait of mixed open and forested hab-
itats surrounding Riparo Bombrini associated with the Late 
Mousterian and the Proto-Aurignacian occupations (Holt 
et al. 2019; Pothier Bouchard et al. 2020). Foraging groups 
could have taken advantage of the biogeographic dynam-
ics of a refugium in which warm-adapted taxa cohabited 
with increasingly higher proportions of cold-adapted taxa, 
a trend that reached its apex during Heinrich Event (HE) 4 
in the Proto-Aurignacian record of Riparo Bombrini. Simi-
lar patterns were recently reported for the rest of the Italian 
Peninsula, where the onset of the HE 4 is generally contem-
poraneous with Uluzzian sites. Well-documented stratified 
sites in Italy such as Grotta di Fumane in the northeast and 
Grotta del Cavallo and Grotta di Castelcivita in the south 
also exhibit increasing cold-adapted taxa in Uluzzian and 
Proto-Aurignacian faunal assemblages (Marín-Arroyo et 
al. 2023; Romandini et al. 2020; Tagliacozzo et al. 2013). 

These taxonomic fluctuations, observed across Europe 
(Vidal-Cordasco et al. 2023), suggest that changes in ungu-
late taxonomic composition primarily reflect higher-order 
environmental changes. In southwestern France, the cli-
matic cooling associated with HE 4 correlates with a pro-
gressive narrowing of the diet, pushing modern humans to 
focus largely on reindeer at many Early Aurignacian sites 
(Rendu et al. 2019). Unlike continental regions, where re-
liance on a single ungulate species may have caused de-
mographic pulses (Morin 2008), the Liguro-Provençal arc 
and the Italian peninsula likely benefitted from more stable 
conditions. At the Balzi Rossi, these conditions could have 
fostered the patterns of lasting occupations documented 
for Neanderthals associated with very late “Semi-Sterile” 
Mousterian (up to shortly before ~42 ky cal BP). In addi-
tion, the drastic cooling does not coincide with a techno-
logical turnover suggested by some researchers (Riel-Sal-
vatore and Negrino 2018b; cf. Banks et al. 2013). Instead, 
the Proto-Aurignacian of the Balzi Rossi lasts through HE 4 
in Level A2, followed by slightly more mesic conditions up 
until ~36 ky cal BP. At the same time, the Early Aurignacian 
is already well established in western regions (Riel-Salva-
tore and Negrino 2018b). (

Despite continuity in taxonomic composition, the tran-
sitional faunal assemblages of the Liguro-Provençal arc 
and its neighboring regions reveal several indices of a shift 
in human-environmental relationships, especially starting 

more diversified faunal assemblages characterizing the un-
derlying Mousterian levels at Riparo Bombrini and in the 
Liguro-Provençal arc throughout the Late Pleistocene (Holt 
et al. 2019; Valensi and Psathi 2004; Pothier Bouchard 2022). 
The narrower diet also aligns with the hypothesis that Ne-
anderthals adopted a hyperlocal subsistence and land-use 
strategy in response to changing ecological conditions and 
the arrival of new groups in neighboring regions (i.e., Pro-
to-Aurignacian in France, Uluzzian in Italy). However, vali-
dating the refugium hypothesis of the last Neanderthals in 
the Liguro-Provençal arc requires additional fine-grained 
excavation and comparative studies on contemporaneous 
sites such as Arma degli Zerbi and Arene Candide (see Ri-
el-Salvatore et al. 2022 for discussion). 

Proto-Aurignacian Levels
The Proto-Aurignacian levels mark a significant shift to-
wards extended social and subsistence ranges, coupled 
with the continuous production of a flexible bladelet-based 
technocomplex. At Riparo Bombrini, it appears that the 
vast subsistence range of modern humans was primarily 
driven by the desire to obtain prime-quality flint, mostly 
in western and eastern Provence and, to a lesser extent, in 
eastern Liguria and northern Tuscany. Along the Ligurian 
corridor, modern humans exploited the locally available 
raw material of inferior quality with a “readily available” 
strategy while occupying the residential base camps, and 
they carried higher-quality flints throughout their season-
al moves (Riel-Salvatore and Negrino 2018a). The flexible 
Proto-Aurignacian technocomplex allowed the manufac-
ture of polyvalent hunting armatures, which could have 
facilitated the adoption of a generalist hunting strategy at 
Riparo Bombrini. The faunal record aligns with this strat-
egy as the hunting spectrums are much broader than the 
one observed in Level MS, and some ungulate prey species 
appear to have been hunted in close proximity to the Balzi 
Rossi. 

Previous research has highlighted variability within 
the Proto-Aurignacian, associating the prolonged stays and 
the expedient lithic organization in Level A2 with a logisti-
cal mobility regimen, contrasting with the shorter occupa-
tions and the curated lithic organization in Level A1, linked 
to more residential mobility (Riel-Salvatore and Negrino 
2018a, b). The faunal record does not disagree with these 
patterns, although limited seasonality indices and carcass 
transport evidence provided little insight into the specif-
ics of human mobility. Future studies should focus on food 
availability, particularly how increased snow cover in the 
nearby Pre-Alps might have enhanced prey availability on 
the shore during harsher seasons. Nevertheless, the spatial 
organization of the site requiring waste management (i.e., 
discarding area outside the living space and curated bone 
fuel) agrees with the logistical mobility regimen in Level 
A2, contrasting with the shorter independent occupations 
outside the rockshelter and the less curated bone fuel in 
Level A1.
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bility shifts, providing greater resilience to climatic in-
stability (Pothier Bouchard et al. 2020; Riel-Salvatore and 
Negrino 2018b), contrasting with Neanderthal’s reliance 
on the seasonal abundance of resources. Moreover, the 
intensive use of bones for fuel at Riparo Bombrini could 
also be linked to these technological changes, paralleling 
Soulier’s (2013) observations on the Proto-Aurignacian of 
Isturitz in southwestern France, suggesting the adoption of 
more sedentary lifestyles during colder seasons, much like 
many extant hunter-gatherers. Patterns of high abundance 
of burnt bones are documented at several Early Upper Pa-
leolithic sites in eastern and southern Italy (Romandini et 
al. 2020). While this sudden reliance on bones in fire man-
agement may be linked to the global climate cooling of HE 
4, it would be worthwhile to investigate the relationship 
between fuel management and seasonality on additional 
transitional sites in the Liguro-Provencal arc.

Human-Carnivore Interactions
Changes in the ecological niches of Neanderthals and mod-
ern humans can be inferred from their interactions with 
other large predators. Many transitional sites in France and 
Italy provide evidence of changing human-carnivore inter-
actions during the Early Upper Paleolithic, possibly related 
to the emergence of long-range weapons. In southwestern 
France, Rendu and colleagues (2019) observed the decreas-
ing impact of carnivore predators on Proto-Aurignacian 
and Early Aurignacian faunal assemblages and the increas-
ing frequency of anthropic marks on a range of carnivore 
taxa, including bear, hyena, and fox. A similar pattern in 
the Italian peninsula indicates the exploitation of Ursidae 
for food and pelts in Mousterian contexts, whereas fox, 
lynx, and wolf are added to the list of exploited carnivores 
in the Uluzzian and Proto-Aurignacian levels of Grotta di 
Fumane (Romandini et al. 2020; Tagliacozzo et al. 2013). 
These observations suggest a pivotal shift in human-car-
nivore relationship—while Neanderthals shared their eco-
logical niche with large carnivores like hyenas and wolves, 
focusing on different age categories of shared prey species 
(i.e., adults vs. young and old ungulates) (Dusseldorp 2013; 
Stiner 1994), modern humans appeared to have entered 
direct competition with them during periods of climatic 
instability, impacting habitat carrying capacities causing 
regional declines in hyena populations (Discamps 2014; 
Rendu et al. 2019). A similar dynamic is noted in the Initial 
Upper Paleolithic context of Bacho Kiro Cave, where wolf, 
fox, cave hyena, and cave bear taxa were exploited for skins 
and fur and personal ornaments (Martisius et al. 2022; Si-
net-Mathiot et al. 2023; Smith et al. 2021), possibly pushing 
back in time this apparent shift in human-carnivore inter-
actions in Europe. 

In the Liguro-Provençal arc, documenting these chang-
es is more challenging due to the scarcity of well-preserved 
Proto-Aurignacian deposits. At Riparo Bombrini, reduced 
carnivore activities in Levels A1 and A2, in spite of the 
heavy post-depositional attrition, align with this proposed 
human-carnivore interaction shift. Additionally, the over-
lying Early Aurignacian level of the neighboring site of Rip-

in the Proto-Aurignacian. Three critical trends related to 
animal exploitation are discussed here to clarify potential 
evolutionary implications for modern human adaptations 
in Europe: 1) the technological change towards long-range 
weapons, 2) the increased human exploitation of carni-
vores, and 3) the exploitation of a broader range of animal 
raw materials for symbolic and technological use (Rendu et 
al. 2019; Romandini et al. 2020; Soulier 2013).

Long-range Projectile Weaponry
Long-range projectile weaponry has been argued to per-
mit more versatile hunting strategies, potentially reducing 
hunting parties and enabling solitary hunts. This flexibil-
ity arises from the ability to increase the distance between 
the prey and the hunter, reducing the risks of failure to 
acquire easily frightened or dangerous game (Churchill 
and Rhodes 2009; Shea and Sisk 2010; Teyssandier et al. 
2010). In the Liguro-Provençal arc, the Proto-Aurignacian 
is characterized by substantial investment in raw material 
procurement, lithic production, and tool maintenance. The 
bladelet-based technology was clearly embedded in large-
scale landscape exploitation extending more than 400 ki-
lometers from western Provence to eastern Liguria, which 
would likely have influenced hunting strategies and prey 
selection compared to what the thrusting spears so far doc-
umented in the Eurasian Mousterian record allowed. 

Soulier (2013) attributes the absence of ambush kill 
sites in the Early Upper Paleolithic record of southwestern 
France to these technological innovations, contrasting with 
many Final Mousterian sites (e.g., Marillac, Jonzac, and La 
Quina), where Neanderthals exploited topographic advan-
tages to mass-hunt reindeer. While no equivalent ambush 
kill sites have been identified to date in the Final Mouste-
rian of the Liguro-Provençal arc, Valensi and Psathi (2004) 
mention the close link between the nature of hunted prey 
and the topographic location of the sites. The absence of 
mass-kill sites could be explained by its distinctive bioge-
ography, where the most predominant prey taxa, such as 
red deer exhibit less gregarious and mobile behaviors than 
cold-adapted taxa. In this context, seasonality could be a 
better proxy to document collective hunting tactics, consid-
ering that the largest aggregations of extant deer popula-
tions occur during autumn. According to Valensi and Psathi 
(2004), Neanderthal groups appear to have exploited large 
herds of cervids during the rutting season on several sites 
in the Liguro-Provençal arc (i.e., Grotte du Lazaret, Cav-
erna delle Fate, Arma delle Manie). In the neighboring re-
gions of the Rhone Valley and the Massif Central, Daujeard 
and colleagues (2012) also identified a close link between 
Neanderthals’ mobility, site occupations, and the seasonal 
abundance of the hunted species (e.g., fall occupations of 
the Sainte-Anne I hunting camp). 

At Riparo Bombrini, although definitive seasonal indi-
ces have yet to be identified, the prolonged modern human 
occupations in the Proto-Aurignacian levels, particularly 
Level A2, may have extended during harsher seasons. The 
versatile hunting strategies associated with long-range 
weaponry would have facilitated extended stays and mo-
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broadening of animal raw materials in the earliest Upper 
Paleolithic may reflect a change in the status of some taxa. 
For instance, the medium carnivores would have shifted 
from a status of competitor to sources of raw material (i.e., 
exploitation of fur) and symbols of identity (i.e., personal 
ornaments), and possibly a source of food (Rendu et al. 
2019; Smith et al. 2021; Soulier 2014). The status of small 
carnivores such as foxes also changed, from being mostly 
ignored during the Mousterian to being exploited in the 
functional and symbolic spheres during the Proto-Aurigna-
cian (Soulier 2013). In the Liguro-Provençal arc, mollusks 
shift from being strictly a source of food in the Late Mous-
terian to a primary source of raw material to make beads in 
the Proto-Aurignacian and the Early Aurignacian (Holt et 
al. 2019; Stiner 1999).

In sum, the patterns of changing human-environmen-
tal relationships, starting in the Proto-Aurignacian and 
possibly within earlier modern human contexts in Europe, 
could reflect subsistence adaptations that would have been 
advantageous towards climate instability. For instance, the 
reduction in procurement time and risk provided by long-
range weapons could have changed how modern humans 
managed their foraging time by allocating their energy 
to other specialized or time-consuming tasks (Kuhn and 
Stiner 2006). In addition, the diversification of symbolic ob-
jects could reflect social changes and higher levels of con-
nectedness, often argued to be linked to demographic pres-
sure (Burke 2012; Henshilwood and Marean 2003; Stiner 
and Kuhn 2006). Stylistic variation and symbolic expres-
sion can reflect the need to broadcast identity within ex-
tended social networks. In such a scenario, while Neander-
thals might have responded to climate variability through 
demographic fluctuations, modern humans would have 
had increased demographic robustness, spreading forag-
ing risks over larger territories (Stiner and Kuhn 2006). 

MULTIVARIATE APPROACH WITH THE INTE-
GRATION OF ZOOMS
The multivariate approach, coupled with integrated 
ZooMS, allowed unprecedently detailed insights into the 
subsistence behaviors of Riparo Bombrini’s heavily altered 
faunal assemblages. The multivariate approach provided a 
hierarchical organization of taphonomic data that helped 
clarify issues of equifinality, such as distinguishing the 
extent of post-depositional attrition and anthropic altera-
tions as sources of the high fragmentation in the Proto-Au-
rignacian levels. Despite the challenges posed by poor bone 
preservation, the use of larger taxonomic categories (i.e., 
medium and large game) to observe how the taphonomic 
variables vary between more fragile and more robust skel-
etal remains, and the use of NSP tallies of different bone 
types (e.g., cancellous and cortical bones), facilitated use-
ful discussions about bone survivorship and taphonomic 
impact when the use of statistical tests was impossible due 
low MNE tallies. 

ZooMS, as a complementary analytical tool to archaeo-
zoological analysis, has so far been primarily applied to the 
indeterminate fraction of faunal assemblages because it can 

aro Mochi includes a few personal ornaments made on car-
nivore teeth (Tejero and Grimaldi 2015). Valensi and Psathi 
(2004) documented bear exploitation in several Mouste-
rian faunal assemblages, aligning with the overall pattern 
across the Italian peninsula, although regional variabilities 
exist, with the anecdotal discovery of lynx and cave lion 
bones bearing cut marks at Grotte du Lazaret and Caverna 
delle Fate. 

Broader Range of Animal Raw Material for Symbolic 
and Technological Use
Many Mousterian faunal assemblages have yielded exam-
ples of bone tools such as bone retouchers, knapped bone 
tools, and smoothers (e.g., Daujeard et al. 2014; Soressi et 
al. 2013) alongside symbolic uses of prey bird feathers, tal-
ons, and bones (e.g., Finlayson et al. 2012; Romandini et 
al. 2014). A growing body of literature documents continu-
ity in bone retoucher selection and use, and the symbolic 
utilization of birds of prey across the Middle-Upper Paleo-
lithic transition (e.g., Jéquier et al. 2018; Laroulandie et al. 
2020). However, the Final Mousterian and the Early Upper 
Paleolithic records notably diverge in the diversity of forms 
and the range of animal raw materials used in both sym-
bolic and functional spheres. In western France, personal 
ornaments come in different shapes and are made on ant-
ler, ivory, carnivore and cervid teeth, fossils, and marine 
shells. However, ornaments are scarcely documented in 
the Proto-Aurignacian, whereas they become widespread 
and regionalized starting in the Early Aurignacian (Soulier 
2013). Bone tool types are also diversified, including many 
pointed objects (i.e., awls and needles), smoothers, and 
wedges associated with domestic activities such as hide-
working, the manufacture of clothing, and woodworking 
(Soulier 2013; Tartar 2012). Antler is introduced as a mate-
rial to make projectile armatures, appearing sporadically 
in southern European Proto-Aurignacian assemblages and 
prominently (i.e., split-based points) in Early Aurignacian 
contexts (e.g., Szmidt et al. 2010; Soulier 2014). 

In the Liguro-Provençal arc, despite poor skeletal pres-
ervation, a bone industry including bone awls and broken 
needle tips is documented in the Proto-Aurignacian of Rip-
aro Bombrini and the Early Aurignacian of Riparo Mochi 
(Holt et al. 2019; Tejero and Grimaldi 2015; Pothier Boucha-
rd et al. 2020). Proto-Aurignacian symbolic objects include 
abundant gastropod shell beads from both sites with a 
few personal ornaments made of incised bird diaphyses, 
worked steatite, and grooved fossil belemnite at Riparo 
Bombrini (Holt et al. 2019). However, those assemblages 
have so far not yielded proof of in situ antler, ivory, or teeth 
working, whereas the Early Aurignacian of Riparo Mochi 
documented several split-based points with one ivory bead 
and a few tooth beads along with the continuous produc-
tion of gastropod beads (Stiner, 1999; Tejero and Grimaldi 
2015). This pattern suggests a slightly narrower range of 
animal raw materials in the earliest Aurignacian occupa-
tions of the Balzi Rossi, consistent with the trends observed 
in western France. 

The shift in human-carnivore interactions and the 
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cal bones of large taxa, ZooMS sampling of those abundant 
types of bone fragments can be influenced by differential 
bone breakage. These biases mainly concern the interdepen-
dence of skeletal remains—i.e., one animal can be counted 
several times, which exaggerates sample sizes across taxa 
(Morin et al. 2023). The random ZooMS sampling does 
not exaggerate all taxonomic categories equally and could 
create an error propagation phenomenon regarding NISP 
tallies. Nevertheless, the NISP remains the best quantifica-
tion unit for discussing faunal abundance and taxonomic 
composition on heavily fragmented assemblages. In this 
context, ZooMS can highlight bone fragments of taxonomic 
categories that might have been absent or underestimated 
using only morphological identifications. In addition, the 
issue of the interdependence of skeletal remains can be 
partly addressed by considering the spatial distribution of 
faunal remains to locate areas of bone aggregates. 

In sum, while ZooMS can aggravate some interpre-
tive biases related to NISP tallies, its influence on the taxo-
nomic and skeletal composition can also reveal anthropic 
behaviors that would not be possible to identify with mor-
phology alone. However, the full power of the ZooMS as a 
complementary tool is only revealed when integrated into 
a complete archaeozoological and taphonomic study. Dif-
ferential preservation remains the main challenge to inter-
preting heavily fragmented faunal assemblages. At Riparo 
Bombrini, the differential bone preservation varied accord-
ing to bone density and within the different areas of the 
site. Our window of taxonomic identifications (with mor-
phology and ZooMS) was thus severely biased towards the 
exterior of the rockshelter. In addition, the loss of collagen 
in bones affected by anthropic behaviors involving heat 
(e.g., cooking, grease rendering, and bone fuel) hindered 
ZooMS identification, which inevitably created taxonomic 
identifications biased towards unheated skeletal elements. 

generate crucial information on the taxonomic identifica-
tion of unidentifiable bone fragments. The method has also 
proven beneficial in improving overall taxonomic identifi-
cations (e.g., Buckley and Kansa 2011; Buckley et al. 2017; 
Welker et al. 2015) and highlighting differences in taxo-
nomic composition related to diverse taphonomic patterns 
(e.g., Ruebens et al. 2022; 2023; Sinet-Mathiot et al. 2019; 
2023). 

At Riparo Bombrini, our application of ZooMS consid-
erably enhanced skeletal frequencies and the identification 
of specific agents of skeletal alteration, as shown in Table 
12. Our attempt to clarify seasonality and mortality profiles 
through the sampling of friable fetal and juvenile skeletal 
remains was unfruitful. This type of sampling has, howev-
er, proven successful in better-preserved contexts (Arenas-
Sorriqueta et al. 2023).

Furthermore, applying the ZooMS on the unidentifi-
able fraction considerably increased the NISP tallies of 
most taxonomic categories, enabling a comprehensive dis-
cussion of faunal abundance and taxonomic composition. 
However, it is crucial to acknowledge that ZooMS does not 
entirely mitigate interpretive biases associated with NISP, 
necessitating conceptual and methodological efforts to in-
tegrate this method into archaeozoological studies in Pa-
leolithic contexts. For instance, our sampling strategy on 
the poorly preserved faunal assemblages of Riparo Bom-
brini demonstrates that the success of ZooMS is primarily 
influenced by differential preservation. Collagen preserva-
tion, contingent on bone density, introduces biases against 
more fragile bones. Our results show this by the number 
of ZooMS-identified cortical bones (long bone and indeter-
minate), accounting for 76% of the total identified ZooMS 
samples, in contrast with no positive result on juvenile and 
fetal bones (see Table 11). 

In addition, since collagen preserves well in dense corti-

 
TABLE 12. COMPARISON BETWEEN THE SPECIMEN COUNTS 

IDENTIFIED WITH MORPHOLOGY ALONE AND ZOOMS.* 
 
  Level A1 Level A2 Level MS 
Faunal abundance (NISP) Morphology 12 22 20 
 ZooMS 119 96 19 
     
Skeletal frequency (NISPe) Morphology 12 21 20 
 ZooMS 75 52 15 
     
Fetal and juvenile elements (n) Morphology 0 2 2 
 ZooMS 0 0 0 
     
Elements with fresh fracture angles, 
anthropic, and carnivore alterations (n) 

Morphology 0 0 5 

 ZooMS 17 15 4 
*Number of identified specimens (NISP) and Number of identified specimens of skeletal elements (NISPe). 
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(i.e., Mandrin in France, Bacho Kiro in Bulgaria, Rani in 
Germany) also contribute to highlighting the complexity of 
the coexistence dynamics between the last Neanderthal and 
first modern human groups in Europe, especially in regions 
of biogeographic richness and stability (Marín-Arroyo et 
al. 2023; Mylopotamitaki et al. 2024; Pederzani et al. 2024; 
Slimak et al. 2022; Smith et al. 2021; Vidal-Cordasco et al. 
2023). The diet narrowing, high mobility, and hyper-local 
adaptation documented in the “Semi-Sterile Mousterian” 
of the Balzi Rossi could be the expression of lasting pockets 
of Neanderthal groups and their reduced demography. In 
contrast, the larger land-use territories, the implementation 
of long-range weapons allowing flexible hunting tactics, 
and the changing status of carnivores and several animal 
raw materials all suggest changing human-environmental 
interactions that would have increased modern human re-
silience towards environmental instability.
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Nonetheless, the multivariate taphonomic approach helped 
tackle these many methodological challenges by organiz-
ing the variables and structuring our investigation of the 
different faunal assemblages to extract as much informa-
tion as possible from a taphonomically challenging site.

CONCLUSION
In conclusion, our study yielded new insights into the pat-
terns of subsistence adaptations of the very last Neander-
thals associated with the “Semi-Sterile Mousterian” and 
the first modern humans of the Proto-Aurignacian at the 
taphonomically challenging site of Riparo Bombrini. This, 
in turn, allowed discussion of subsistence behaviors dur-
ing the transition, for the first time, in the Liguro-Provençal 
arc. Such fine-grained subsistence data was achieved by ap-
plying a multivariate taphonomic approach to our archaeo-
zoological analysis with integrated large-scale ZooMS sam-
pling. Our results attested that the unique topographic and 
environmental settings of the Liguro-Provençal arc have 
influenced past subsistence, mobility, and resource man-
agement strategies of Neanderthals and modern humans. 
For instance, the abundant prey availability would have 
allowed flexible hunting strategies in response to external 
stresses. This could partly explain the lasting Neanderthal 
occupations documented in the Balzi Rossi and the subsis-
tence adaptations of the Proto-Aurignacian groups to the 
HE 4.

The flexible hunting capacities of both human species 
are shown by the continuous taxonomic diversity docu-
mented in the transitional faunal assemblages of the Li-
guro-Provençal arc, which reflects the local biogeographic 
dynamics. However, evidence from the faunal and lithic 
technological records of Riparo Bombrini also suggests 
changing adaptations to external stresses in the Balzi Rossi. 
Level MS suggests that the very last Neanderthals to have 
occupied the site adopted a hyperlocal subsistence and 
land-use strategy in response to changing ecological condi-
tions and possibly to the arrival of new groups in the neigh-
boring regions (i.e., Proto-Aurignacian in France, Uluzzian 
in Italy). This working hypothesis should be tested in the 
future on other sites displaying long stratigraphic sequenc-
es that have yet to be investigated (see Riel-Salvatore et 
al. 2022 for discussion). In contrast, the faunal data of the 
Proto-Aurignacian levels support the patterns of shifting 
mobility strategies within a large territory lasting through 
events of climate instability previously observed at the site 
(Pothier Bouchard et al. 2020; Riel-Salvatore and Negrino 
2018a, b). 

Among the scenarios explaining Neanderthals’ de-
mise, cognitive or behavioral inferiority no longer stands. 
Scenarios integrating behavioral ecology instead highlight 
the role of subsistence versatility, heightened demography, 
and social connectedness to explain modern humans’ adap-
tive success in Europe, which could ultimately have result-
ed in the competitive exclusion of Neanderthal groups in 
many regions (e.g., O’Connell 2006; Shea and Sisk 2010; 
Stiner and Kuhn 2006). The recent discoveries reformulat-
ing the chronological timing of modern human dispersals 

This work is distributed under the terms of a 
Creative Commons Attribution-NonCommer-
cial 4.0 Unported License.
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NEANDERTHAL AND MODERN HUMAN
OCCUPATIONS AT RIPARO BOMBRINI 

Riparo Bombrini is a rockshelter located in the Balzi Ros-
si site complex in northwest Italy. The site corresponds 

to the easternmost edge of a long talus slope opening in 
front of the cave complex (SI Figure 1). Due to its small 
size, Riparo Bombrini is one of the few sites to have been 
overlooked by the coarse excavations of the 19th century 
when the Balzi Rossi became famous for their multiple Up-
per Paleolithic burial discoveries (see Formicola and Holt 
2015). Émile Rivière first acknowledged the site in 1871 
during the construction of the Genoa-Marseille railway, 
which truncated the talus in front of Grotta del Caviglione, 

exposing rich archaeological deposits and simultaneously 
destroying the northern part of Riparo Bombrini. While E. 
Rivière excavated through the transitional deposits with-
out singling them out in Grotta del Calviglione, his disin-
terest in the adjacent rockshelters (Riparo Mochi forming 
the western edge of the Caviglione talus slope) fortunately 
preserved their transitional deposits.

Consequently, the long stratigraphic sequence docu-
mented at Riparo Mochi is today considered a reference 
point to discuss the early arrival of modern humans in 
Mediterranean Europe (Douka et al. 2012; Kuhn and Stiner 
1998). A dating program during the 2002–2005 excavations 
at Riparo Bombrini also helped assess the general strati-
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The climatic deterioration continues in the Proto-Au-
rignacian levels, which began accumulating under much 
colder and more arid conditions. Levels A1 and A2 form 
a yellowish clayey loam deposit varying from 10cm to 
30cm thick each. Both levels contain rich assemblages with 
overlying “cuvette-type” hearths and discarding features. 
Slightly different environmental conditions are recorded 
between Level A2 and Level A1. The latter corresponds 
to somewhat more temperate and mesic conditions than 
the first, which is chronologically associated with the cold 
phase of the Heinrich Event 4 (HE 4). These paleoenvi-
ronmental data are also visible in the macrofaunal record 
with more abundant warm-adapted taxa (i.e., Suidae and 
Cervidae) in the Mousterian Levels M7-M1 and increasing 
abundance of cold-adapted taxa (i.e., Bovinae, Equidae, 
and Caprinae) in Levels MS, A2, and A1 (Holt et al. 2019; 
Pothier-Bouchard et al. 2020). The continuous presence of 
red deer in all levels also agrees with the refugium biogeo-
graphical settings of Liguria during the Upper Pleistocene, 
characterized by mixed open and forested environments 
during colder phases (Riel-Salvatore et al. 2022). Further-
more, anthracological data indicate that human groups pri-
marily collected wood from shrubby species available close 
to the site in both Mousterian and Proto-Aurignacian levels 
(Holt et al. 2019).

Previous research on the transitional levels at Riparo 
Bombrini (i.e., MS, A2, A1) highlighted contrasting occupa-
tions of the site. Level MS was described as “semi-sterile” 
in the past to emphasize the paucity of artifacts in this thick 
deposit (Bietti and Negrino 2007). Nevertheless, new data 
from the 2015–2019 excavations has considerably increased 
the artifactual and faunal corpus, allowing updating be-
havioral and biogeographical interpretations of this level. 
The most striking new evidence includes the discovery of 
an ovoidal combustion area directly underlying the Proto-
Aurignacian hearths close to the rockshelter back wall. The 
combustion area is also associated with most artifacts re-
corded in Level MS and the highest density of red ochre 
recovered throughout the Mousterian levels. The renewed 
analyses warrant testing the hypothesis that Level MS 
corresponds to Neanderthals’ adaption to an ecologically 
stable micro-refugium manifested by increased mobility 
in a restrained territory. This “hyperlocal” adaptation is 
also marked by opportunistic lithic exploitation of locally 
sourced raw material (<5km) and the exclusive use of very 
flexible knapping methods (i.e., Discoid technology). 

The Proto-Aurignacian Levels A1 and A2 are both rich 
in artifacts and faunal remains. The combination of differ-
ent factors, including the density of archaeological remains, 
the overlying cuvette-type hearths and possible trash pits, 
and the curated bladelet-based technology, was interpreted 
to indicate the continuous occupation of the site by mod-
ern humans in both levels. Furthermore, variability be-
tween the two levels in the bladelet production and lithic 
resource management was interpreted as the manifestation 
of changing mobility strategies (sensu Binford) in response 
to paleoclimatic instability. The colder Level A2 was thus 
associated with logistical mobility strategies, whereas the 

graphic correspondence between Riparo Mochi and Riparo 
Bombrini (Holt et al. 2019), indicating that these rockshel-
ters were part of a large talus slope opening in front of 
Grotta del Caviglione that was recurrently occupied during 
the Late Pleistocene.

Along with Riparo Mochi, Riparo Bombrini is thus the 
only site in the Balzi Rossi to have preserved in situ Late 
Mousterian and Proto-Aurignacian deposits to have been 
excavated with modern methods. The site was excavated in 
three phases, using fine-grained methods to systematically 
document the spatial coordinates of artifacts and water 
sieving. A first limited excavation in 1976 of six square me-
ters outside the shelter itself yielded rich Late Mousterian 
and Proto-Aurignacian deposits and a deciduous Homo sa-
piens incisor in level A2 (Benazzi et al. 2015; Formicola 1989; 
Vicino 1984). Subsequently, more extensive controlled ex-
cavations from 2002–2005 were organized on both sides of 
the 1976 excavation pit to investigate the nature and the 
chronology of the transitional deposit across the entire site 
(Higham et al. 2014; Holt et al. 2019; Riel-Salvatore et al. 
2013). Finally, two of the authors (FN and JRS) conducted 
excavations on a more extensive area inside the dripline 
from 2015–2019 to clarify the formation history of the site 
and the nature and temporality of the Middle-Upper Pa-
leolithic transition at Riparo Bombrini (Negrino and Riel-
Salvatore 2018; Riel-Salvatore and Negrino 2018a, b; Riel-
Salvatore et al. 2022b).

The robust chronological framework for the transi-
tional occupations of Riparo Bombrini reveals very recent 
Mousterian levels (i.e., M7-MS) dated 45–42 ky cal BP. The 
top Mousterian Levels MS1 and MS2 (grouped into one 
Level MS for the purpose of this study), while not directly 
dated yet, have been correlated to a period covering the 
cold interval between the GI-11 and GI-10 (~43–42 ky cal 
BP) with the overlying Proto-Aurignacian levels (A1 and 
A2) dated between 42–36ky cal BP, acting as terminus ante 
quem (Benazzi et al. 2015; Holt et al. 2019) (SI Figure 2).

Paleoenvironmental data, including sedimentology, 
palynology, and microfauna, indicate overall temperate 
conditions and forested environments in Mousterian Lev-
els M7-M1 (Arobba and Caramiello 2009; Holt et al. 2019). 
The overlying Levels MS1-MS2 document a climatic shift 
towards increasingly cold and arid conditions. These lev-
els (hereafter merged in one “Level MS” as they are un-
differentiated outside the dripline) correspond to a 30CM 
to 40cm thick orangish clayey loam that incorporates large 
limestone blocks resulting from the partial collapse of the 
rockshelter roof as a result of increasing freeze-thaw ac-
tion. Level MS is also characterized by some episodes of 
water action, as shown by an erosion channel against the 
rockshelter wall. This level, also called the ‘Semi-Sterile 
Mousterian,’ corresponds to the last traces of Neanderthal 
occupations on the site and shows much lower densities 
of artifacts than the underlying Mousterian deposits. It 
is probable they correspond to Level H at Riparo Mochi, 
though it is less clearly defined there (Alhaique et al. 2000; 
Bietti and Negrino 2007; Kuhn and Stiner 1992; Perez et al. 
2022).
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ing the spatial distribution of all piece-plotted finds from 
1976 and later within the ArcGIS software.

The faunal remains recovered during the 1976 salvage 
excavation were never formally analyzed and published. 
However, this collection accounts for a large part of the 
faunal remains recovered on the site, especially regarding 
the Proto-Aurignacian levels. This four-square-meter area 
is located outside the rockshelter, delimited by the drip-
line, and comprises thicker deposits than those excavated 
inside the rockshelter (SI Figure 2). Consequently, these 
faunal assemblages are of great interest to tackle the levels 
corresponding to the transition at Riparo Bombrini despite 
the varying degree of recovery resolution. Furthermore, 
the 1976 collections are the only ones that document both 
Proto-Aurignacian layers and the Semi-Sterile Mousterian 
outside the rockshelter (see Pothier-Bouchard et al. 2020 for 
discussion). 

A. Arellano (Musée de Préhistoire Régionale de Men-
ton, France) examined the faunal remains recovered during 
the 2002–2005 archaeological campaigns. Her work provid-
ed the first portrait of the vertebrate taxonomic composi-
tion on the site (Holt et al. 2019; Riel-Salvatore and Negrino 
2018a b). This first formal archaeozoological analysis fo-
cused on the faunal remains recovered from a five-square-
meter trench (square-meter units A1 to EE1) and helped to 
discuss the paleoenvironmental implications of the macro-
fauna in the two Proto-Aurignacian and nine Mousterian 
levels along with other paleoenvironmental data (Holt et 
al. 2019; Riel-Salvatore and Negrino 2018b; Riel-Salvatore 
et al. 2013). However, the high level of skeletal fragmenta-
tion on the site (more than 93% of the fauna was described 
as measuring less than 2cm) severely hindered morpholog-
ical taxonomic identification. 

In 2015, therefore, we initiated an exhaustive archaeo-
zoological and taphonomic study with integrated ZooMS 
to re-analyze the 2002–2005 faunal remains along with the 
implementation of newly recovered remains as part of the 
new five-year excavation project at Riparo Bombrini. Our 
main objectives were to examine site formation processes 
and provide a detailed picture of the variability of the hunt-
ing and subsistence strategies employed by human groups 
occupying Riparo Bombrini during the Middle-Upper Pa-
leolithic transition. Our first archaeozoological study fo-
cused on a sample of the Proto-Aurignacian assemblages 
recovered from 2002–2005, 2015, and 2016. This study re-
vealed the importance of integrating ZooMS as a tool for 
countering poor taxonomic identification due to fragmen-
tation. It also highlighted the differential state of preserva-
tion of the faunal remains on the site, which needs to be 
factored into the interpretation of the assemblages (Pothi-
er-Bouchard et al. 2019, 2020). 

STABLE ISOTOPIC ANALYSIS
Carbon and nitrogen stable isotope measurements were 
calibrated to the VPDB and AIR (atmospheric N2) scales, 
and quality checked using in-house standards IA-R068 
(soy protein, accepted values: δ13C= −25.22‰VPDB and 
δ15N=0.99‰AIR), IA-R038 (L-alanine, accepted values: 

slightly warmer Level A1 was characterized with more 
residential strategies (Riel-Salvatore and Negrino 2018a). 
Our previous archaeozoological analysis showed stability 
in hunting strategies despite the mobility shift, attesting 
to the flexibility of modern humans’ hunting technology 
(Pothier-Bouchard et al. 2020). Although general patterns 
of site organization and fuel management identified in the 
faunal record were associated with these changing land-
use and mobility strategies, our previous analysis did 
not include assemblages from outside the dripline, which 
could have obscured crucial evidence about practices such 
as waste management and spatially segregated butchering 
activities.

THE FAUNAL ASSEMBLAGES
OF RIPARO BOMBRINI

The 1976 salvage excavation was carried out with various 
degrees of resolution within the stratigraphy due to the 
limited time frame to finalize the work (Vicino 1984). Vici-
no thus recorded the Proto-Aurignacian levels (A1 and A2) 
using the most fine-grained methods available at the time, 
i.e., by excavating one square-meter units in 5cm thick ar-
bitrary spits and individually plotting in three dimensions 
all artifacts, diagnostic bones, and non-diagnostic bones 
larger than ten centimeters. The sediments were also water-
sieved on-site, providing fine-grained faunal assemblages. 
However, Vicino accelerated the excavation of the Mous-
terian levels, including Level MS, to reach the expected 
depth of the salvage excavation pit. His spits varied from 
5cm to 10cm, and he reported having collected only the vis-
ible fragments while putting aside all the sediment spits 
by spits for future analysis, therefore, not systematically 
recording smaller, non-diagnostic artifacts and skeletal re-
mains. These sediments are currently being water-sieved 
at the University of Genoa (Italy) under the supervision of 
F. Negrino and should bring better light to the taphonomic 
factors acting on the Mousterian faunal assemblages out-
side the rockshelter in the future. As for now, the Mous-
terian faunal assemblages from 1976 are characterized by 
larger diagnostic elements and a few bone fragments of 
varying sizes recovered during Vicino’s fieldwork. 

The team excavating the 2002–2005 deposits used simi-
lar methods to Vicino’s original fine-grained fieldwork. 
The square-meter units were excavated with arbitrary 
spits of 5cm thick, and diagnostic artifacts were systemati-
cally piece-plotted three-dimensionally along with faunal 
remains larger than 5cm. All sediments were also water-
screened using 2cm mesh sieves, and small fractions of 
bones, ochre, lithic, shells, and others were retained for 
analysis (Riel-Salvatore et al. 2013). The 2015–2019 deposits 
started with the same excavation methods as before. From 
2016, we operated with small changes to maximize the ta-
phonomic resolution of the faunal remains by subdividing 
the square-meter units into 50cm subunits, piece-plotting 
bone fragments larger than 2cm, and collecting the smaller 
fraction (>1cm) of coprolites from the sieve. The team also 
acquired a total station in 2018 that allowed georeferencing 
the site and the different structures on the site and digitaliz-
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δ13C=−24.99‰ VPDB and δ15N=−0.65‰ AIR), IA-R069 
(tuna protein, accepted values: δ13C=−18.88‰ VPDB and 
δ15N = 11.60‰ AIR), and a mixture of IAEA-C7 (oxalic acid, 
δ13C=−14.48‰ VPDB) and in-house standard IA-R046 (am-
monium sulfate, δ15N=22.04‰ AIR). The accepted values of 
in-house standards were obtained via calibration against 
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and δ15N=−0.65±0.03‰ AIR (1 SD, n=6). The average repro-
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tion for 18O contribution were conducted using in-house 
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ver sulfide, δ34S=−0.30‰ VCDT). IA-R061, IAEA-SO-5 
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dards. The accepted values of IA-R068 and IA-R069 were 
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Axlor samples, the following values were obtained for 
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SUPPLEMENTARY FIGURES 

 
SI Figure 1. Cartographic sketch of the Balzi Rossi showing the talus connecting Riparo Mochi, Grotta del Caviglione, and 
Riparo Bombrini (in red).  

 

 

  



 
 

 
 
 
 
 
 
 
 
 
 
SI Figure 2. Stratigraphic sequence of Riparo Bombrini based on the 2002–2005 and 1976 excavations. The star shows the 
position of the human incisor in Level A2 (modified from Benazzi et al. 2015).  
 
 
  



 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
SI Figure 3. Relationship between the log(10) of NTAXA and ƩNISP of ungulates per assemblages (blue, Levels A1, A2, 
and MS) and sub-assemblages divided by areas (orange, Levels A1, A2, and MS, inside and outside). Dashed, best-fit 
regression line, r=0.96, p=0.14; solid, best-fit regression line, r=0.94, p=0.0048.  
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SI Figure 4. Bone collagen δ13C and δ15N values (left) and δ13C and δ34S values (right) of Bos/Bison, Cervus/Capreolus, 
Capra/Rupicapra, and Sus sp. from different Mousterian and Proto-Aurignacian levels at Riparo Bombrini. 
  



 
 

SUPPLEMENTARY TABLES 
 
SI Table 1. Proto-Aurignacian and Mousterian sites with documented faunal assemblages in the Liguro-
Provençal arc, along with other relevant faunal assemblages in neighboring regions. 
 

Site Associated 
technocomplex 

References 

Liguro-Provençal arc   
Riparo Bombrini M, PA Holt et al. (2019) Pothier-Bouchard et al. (2020) 
Riparo Mochi M, PA Alhaique (2000) 

Perez et al. (2022) 
Grotte de l’Observatoire M, PA Romandini (2017) 

Brugal, Fourvel, and Fosse (2017) 
Caverna delle Fate M Valensi and Psathi (2004) 

Valensi, Psathi, and Lacombat (2004) 
Psathi (2003) 

Arma delle Manie M Ibid. 
Madonna dell’Arma M Valensi and Psathi (2004) 

Valensi, Psathi, and Lacombat (2004) 
Santa Lucia Superiore M Ibid. 
Via San Francesco M Valensi and Psathi (2004) 
 
Comparative sites in Italy 

  

Rio Secco M Romandini et al. (2020) 
Fumane M, UL, PA Ibid. 
Bernardino M Ibid. 
Broion UL Ibid. 
Cala M, UL, PA Ibid. 
Castelcivita M, UL, PA Ibid. 
Cavallo M, UL Ibid. 
Oscurusciuto M Ibid. 
 
Comparative sites in France 

  

Les Cottés PA Rendu et al. (2019) 
Saint-Césaire PA Morin (2008; 2012) 
El Castillo PA Pike-Tay et al. (1999) 

Soulier (2013) 
Le Piage PA Soulier (2013) 
Gatzarria PA Ibid. 
Les Abeilles PA Soulier (2013; 2014) 
Payre M Daujeard and Moncel (2010) 

Daujeard et al. (2012) 
Raynal et al. (2013) 

Abri des Pêcheurs M Ibid. 
Balazuc M Ibid. 
Baume-Vallée M Daujeard et al. (2012)  

Raynal et al. (2013) 
Abri du Maras M Ibid. 
Sainte-Anne I M Ibid. 



 
 

Baume d’Oullins M Daujeard and Moncel (2010) 
Daujeard et al. (2012) 

Figuier M Ibid. 
Ranc Pointu 2 M Ibid. 
Saint-Marcel M Ibid. 
Baume Flandin M Ibid. 
Baume des Peyrards M Ibid. 

 
  



 
 

SI Table 2. Peptide markers used in ZooMS identifications. Buckley et al. (2009, 2010, 2011, 2017), and Brown 
et al. (2016). 
 

Taxa 2t85(A) 2t43(B) 2t45(C) 2t69(D) 1t66/67 2t41/42(E) 1t55/56(F) 2t67(G) 2t76 
Herbivores          

Bos/Bison 1208.6 1427.7 1580.8 2131.1 N/A N/A 2853.4 3033.4  

Capra 1196.6 1427.7 1580.8 2131.1 N/A N/A 2883.4 3093.4  

Cervus/Dama 1196.6 1427.7 1550.8 2131.1 N/A N/A 2883.4 3033.4  

Capreolus 1196.6 1427.7 1550.8 2131.1 N/A N/A 2883.4 3059.4  

Coelodonta/Diceros 1198.6 1453.7 1550.8 2145.1 N/A N/A 2869.4 2999.4  

Equus 1198.6 1427.7 1550.8 2145.1 N/A N/A 2883.4 2999.4  

Mammuthus N/A 1453.7 1579.8 2115.1 N/A N/A 2853.4 3015.4  

Ovibos 1208.6 1427.7 1580.8 2131.1 N/A N/A 2883.4 3033.4  

Rangifer 1166.6 1427.7 1580.8 2131.1 N/A N/A 2883.4 3093.4  

Rupicapra/Ovis 1196.6 1427.7 1580.8 2131.1 N/A N/A 2883.4 3033.4  

Sus 1196.6 1453.7 1550.8 2131.1 N/A N/A 2883.3 3033.4  

 
Carnivores 

         

Alopex 1226.6 1453.7 1566.8 2131.1 N/A N/A 2853.4 2999.4 1548.8 
Canis  1226.6 1453.7 1566.8 2131.1 N/A N/A 2853.4 2999.4 1576.8 
Crocuta  1207.6 1453.7 1566.8 2147.1 2246.1 2808.3 2853.4 2999.4  

Gulo/Mustela/Martes  1235.6 1453.7 1566.8 2147.1 N/A N/A 2853.4 2999.4  

Homo 1235.6 1477.8 1580.8 2115.1 N/A 2832.4 2885.4 
2957.4+ 
2959.4 

 

Lutra 1235.6 1453.7 1566.8 2147.1 N/A N/A 2853.4 2973.4  

Lynx  1207.6 1453.7 1566.8 2163.1 N/A N/A 2853.4 2999.4  

Meles 1235.6 1453.7 1566.8 2147.1 N/A N/A 2853.4 2957.4  

Panthera 1207.6 1453.7 1566.8 2147.1 2216.1 2820.3 2853.4 2999.4  

Ursus 1233.7 1453.7 1566.8 2163.1 N/A N/A 2853.4 2957.4  

Vulpes 1226.6 1437.7 1566.8 2131.1 N/A N/A 2853.4 2999.4 1548.8 
 
Lagomorphs 

         

Oryctolagus 1235.6 1453.7 1566.8 2129.1 N/A 2836.3 2883.4 2957.4  
Lepus  1235.6 1453.7 1566.8 2129.1 N/A 2808.3 2883.4 2957.4  
Rodents          
Castor 1193.6 1427.7 1576.8 2129.1 N/A N/A 2883.4 2999.4  

 
 



 
 

 
SI Table 3. Sample information for bone collagen samples and Carbon, Nitrogen and Sulphur results. 
 

c Archaeo. 
Level 

Species Element Iso 
Code 

% 
Collagen  

Nitrogen 
Content 
(%) 

ẟ15NAIR 
(‰) 

Carbon 
Content 
(%) 

ẟ13CV-
PDB 
(‰) 

Sulfur 
Content 
(%) 

ẟ34SV-
CDT 
(‰) 

C:N C:S N:S 

B1734 A1 Cervus-
Capreolus 

Humerus BOM1 10.0 0.68 --- 2.24 ---     3.8     

B1736 A1 Cervus-
Capreolus 

Metacarpal BOM2 3.1 1.52 4.31 4.60 -21.07 0.05 --- 3.5 261.6 74.2 

B1744 A1 Cervus-
Capreolus 

Metatarsal BOM3 3.1 0.86 --- 2.74 --- --- --- 3.7     

B1749 A1 Capra-
Rupicapra 

femur/humerus BOM4 2.9 2.38 5.25 6.67 -19.85 0.06 10.05 3.3 277.0 84.6 

B1771 A1 Cervus femur/humerus BOM5 ? ? ? ? ? ? ?       
B1930 A1 Capra-

Rupicapra 
cranium BOM6 4.5 1.66 5.30 5.00 -20.08 0.06 11.63 3.5 224.4 63.6 

B1956 A1 Cervus temporal, 
rocher 

BOM7 3.2 0.48 --- 1.62 ---     4.0     

B1983 A1 Cervus Mandible BOM8 11.3 0.48 --- 1.68 --- --- --- 4.1     
B2158 A2 Capra Humerus BOM9 1.7 0.44 --- 1.83 --- --- --- 4.8     
B2159 A2 Sus Humerus BOM10 0.0 - - - - - -       
B2192 A2 Cervus-

Capreolus 
Metapodial BOM11 4.1 2.7 6.0 7.4 -20.4 0.08 7.10 3.2 241.2 74.8 

B1608 M3 Cervus Tibia BOM12 0.8 - - - - - -       
B1625 M3 Cervus Metatarsal BOM13 2.0 4.08 5.56 11.27 -21.49 0.16 6.29 3.2 186.5 57.9 
B1791 M4 Sus Metapodial BOM14 1.1 2.20 4.53 6.34 -19.92 0.03 --- 3.4 588.1 174.5 
B1804 M4 Cervus Tibia BOM15 3.8 1.56 3.94 5.02 -21.36 --- --- 3.8     
B1872 M5 Bos/Bison  Metapodial BOM16 3.1 15.61 8.89 41.31 -19.33 0.08 6.56 3.1 1398.4 452.8 



 

 
 

SI Table 4. General taphonomic variables. The variables in italics were excluded from this study due 
to insufficient data. 
 

Taphonomic variables Description/ specifications 
General assemblage data Relevant archaeozoological values used to calculate various 

taphonomic variables 
NSP The total number of specimens for each assemblage 

NISP The number of identified specimens for each assemblage 
NSP.lb The number of specimens of long bone shaft fragments 

(taxonomically identifiable and unidentifiable) for each assemblage 
Quarry data  

Size of studied area (m2) Area size for each assemblage, measured in square meters 
Deposit volume (m3) Volume of excavated sediments, measured in cubic meters 
Density of piece-plotted artifacts 
(N/m3) 

Density of all piece-plotted artifacts (lithic, ochre, and shell) per 
cubic meter 

Density of piece-plotted fauna 
(N/m3) 

Density of piece-plotted fauna per cubic meter 

Density of bone fragments 
(NSP/m3) 

Density of piece-plotted fauna and sieve-recovered fauna per cubic 
meter 

Spatial arrangement (random vs 
preferred orientation) 

Qualitative description of faunal remains' spatial arrangement as defined 
by Behrensmeyer (1991) 

Spatial arrangement (high dips vs 
horizontal) 

Ibid. 

Spatial distribution of fauna 
(even, uneven, highly patchy) 

Ibid. 

 
Bone state of preservation 

 
Describes the extent of bone damage 

%identifiable before ZooMS 
(NSP) 

Percentage of identifiable bones (NISP divided by NSP) before 
ZooMS identifications to illustrate the morphological state of 
preservation 

%bone fragments <2 cm (NSP) Percentage of bone fragments smaller than 2 centimeters indicating 
the extent of fragmentation 

%ZooMS success (N ZooMS 
samples) 

Percentage of successful ZooMS identification according to the total 
number of ZooMS samples after initial FTIR preselection) 

 
Long bone damage (NSP.lb) 

 
Describes the intensity of natural and anthropic processes affecting 
each faunal assemblage, expressed as percentages of the NSP of the 
long bone shaft 

%Abrasion stage 2 < Percentage of long bone shafts with abrasion of stage 2 or higher 
%Abrasion and polish Percentage of long bone shafts with the combined abrasion and 

polished surfaces 
%Concretion stage 2 < Percentage of long bone shafts with concretion of stage 2 or higher 
%manganese coloration stage 2 
< 

Percentage of long bone shafts with manganese coloration of stage 
2 or higher 

%Trampling Percentage of long bone shafts with trampling 
%Etching stage 2 < Percentage of long bone shafts with etching of stage 2 or higher 
%Carnivore gnawing Percentage of long bone shafts with carnivore gnawing 



 

 
 

  

%Weathering stage 2 < Percentage of long bone shafts with weathering of stage 2 or higher 
%Modern fractures Percentage of long bone shafts with modern fractures 
Mean FFI score of long bones Average fresh fracture index score calculated for long bone shaft 

fragments  
 
Long bone damage resulting 
from anthropic processes 
(NSP.lb) 

 
Examines long bone shaft surface damages specific to human 
activity, expressed as percentages of the NSP.lb or the absolute 
number of specimens 

% fresh fracture angles Percentage of long bone shafts with fresh fracture angles 
%Burned (carbonized + 
calcined) 

Percentage of burned bones according to the NSP of long bone shaft 
fragments 

% anthropic percussion Absolute number of anthropic percussion marks 
% cut marks Absolute number of cut marks on bone surfaces 
N percussion flakes Absolute number of percussion flakes 
N bone manufacture Absolute number of manufacture marks on bones  



 

 
 

SI Table 5. Taphonomic variables for investigating bone completeness and fragmentation. The 
variables in italics were excluded from this study due to insufficient data. 
 

Taphonomic variables Description/specifications 
General data Relevant archaeozoological values used to calculate the different 

taphonomic variables 
NISP small game Number of identified specimens of small game for each assemblage 
NISP large game Number of identified specimens of large game for each assemblage 
NISP.lb small game 
 

Number of identified specimens of long bone shaft fragments of small game 
for each assemblage 

NISP.lb large game Number of identified specimens of long bone shaft fragments of large game 
for each assemblage 

 
Density-mediated attrition 

 
Investigating how density-mediated factors influence each assemblage's 
bone fragmentation patterns 

Spearman's rs: bone survivorship 
(%MAU) vs. Bone density (BMD) 

The qualitative expression (significant vs insignificant) of Spearman’s correlation (rs) 
of %MAU vs BMD  

Ratio NISP of small game : NISP 
of large game 

The ratio of the NISP of the small game to the NISP of the large game 

Proximal: distal humeri and tibiae See Bar-Oz and Munro (2004)  
Ratio N compact bones : N long 
bones and axial elements  

The ratio of small compact bones (tarsals, carpals, sesamoids, and phalanx) to 
long bones and axial elements (excluding loose teeth), replacing “Proximal: 
distal humeri and tibiae” 

Ratio N appendicular cancellous 
bone : N appendicular cortical 
bone 

The ratio of the number of appendicular cancellous bones to appendicular 
cortical bones to assess overall survivorship of less dense cancellous bones, 
replacing “Proximal: distal humeri and tibiae” 

 
Post-depositional in situ 
attrition 

 
Evaluating the attritional factors affecting skeletal remains after deposition 

%completeness of astragalus Completeness index of compact bones as defined by Marean (1991, p. 685): (∑ of the 
estimated fraction of each specimen of tarsal or carpal/total number of specimens) * 
100 

%completeness of central fourth 
tarsal  

Ibid. 

%completeness of tarsals and 
carpals  

Index of the combined tarsals and carpals ff. Bar-Oz and Dayan (2003) 

%completeness of phalanx1 and 
phalanx2 

Completeness index of the combined first and second phalanx (i.e., the most 
abundant small compact ones at Bombrini), replacing the %completeness of 
astragalus and tarsals with phalanx 

Tooth: cranial elements (MNE) The ratio of teeth to cranial bones to directly measure in situ attrition since 
teeth are expected to survive post-depositional attrition better than the 
cranium 
(Stiner 1991 in Bar-Oz and Dayan 2003) 

 
Pre-depositional fragmentation 

 
Evaluating the attritional factors affecting skeletal remains before 
deposition 

Mean FFI (NISP.lb) The mean FFI according to the NISP of bone shaft fragments 



 

 
 

SI Table 6. Taphonomic variables for investigating bone accumulation. The variables in italics were 
excluded from this study due to insufficient data. 
 

Taphonomic variables Description/specifications 
General data 
 

The relevant general archaeozoological data is specified in the 
preceding multivariate tables 

 
Carnivore action 

 
Investigating the role of carnivores in the accumulation of the 
faunal remains 

% carnivores (NISP) Percentage of the combined medium and large carnivores  
N Coprolites Absolute number (N) of coprolites 
Density of coprolites (g/m3) Density of coprolites in grams per cubic meter 
% long bone shafts >1/2 circumference  Percentage of long bone shaft fragments preserving half or more of 

their complete circumference, more common in carnivore faunal 
accumulations than in human ones. 

% carnivore alteration  Percentage of carnivore alteration (gnawing, teeth punctures, 
digestion) 

% head skeletal remains Percentage of head skeletal remains (teeth, cranium, and mandible) 
as carnivore accumulations in caves and rockshelters tend to be 
head-dominated. 

 
Human action 

 
Evaluating the role of humans in the accumulation of the faunal 
remainss 

% percussion marks  Percentage of percussion marks (the most abundant anthropic bone 
surface alteration at Riparo Bombrini) 

% burned bones Percentage of burned bones 
Skeletal portion representation (dominated by 
a specific portion or not) 

Qualitative expression of skeletal portion representation 

 
  



 

 
 

SI Table 7. Taphonomic variables for investigating carcass processing. The variables in italics were 
excluded from this study due to insufficient data. 
 

Taphonomic variables Description 
General data Relevant archaeozoological values used to calculate the 

different taphonomic variables in addition to the ones 
specified in the preceding multivariate tables 

NISP cervid size 2/3  
NISP.lb caprine  
NISP.lb Capreolus  
NISP.lb cervid size 2/3  
NISP.lb bovine  
NISP.lb equid  
 
Marrow extraction 

 
Investigating differential carcass treatment between taxa 

Mean FFI (NISP.lb of different taxa) Mean FFI of long bone shaft fragments 
% bone flakes (NISP of different taxa) Percentage of bone flakes 
% percussion marks (NISP of different taxa) Percentage of percussion marks 
 
Grease rendering 

 
Variables based on the ethnoarchaeological and 
experimental observations on grease processing and grease 
rendering involving crushing and boiling the cancellous 
parts of post-cranial bones (Vehik, 1977; Outram, 2001; 
Costamagno, 2013; Morin and Soulier, 2017) 

% cancellous unburned bones (NSP, NISP 
small and large games) 

Percentage of unburned epiphyseal cancellous bones 

% epiphysial cancellous unburned bones 
(NSP, NISP of small and large games) 

Percentage of unburned cancellous bones 

 
Bone fuel (NSP) 

 
Investigating bone fuel through the general intensity of 
burning (1 and 2), the differential burning among bone 
type categories (2,3,4,5,6,7,8), and the intentional burning of 
epiphyses (9,10,11,12) 

% burned* bones  (1) Percentage of carbonized bones 
% calcined bones (2) Percentage of calcined bones  
% cranial unburned bones  (3) Percentage of unburned cranial bones 
% cranial burned* bones (4) Percentage of burned cranial bones 
% axial post-cranial unburned bones (5) Percentage of unburned axial post-cranial bones 
% axial post-cranial burned* bones (6) Percentage of burned axial post-cranial bones 
% appendicular unburned bones (7) Percentage of unburned appendicular bones 
% appendicular burned* bones (8) Percentage of burned appendicular bones 
% cancellous bones (9) Percentage of unburned cancellous bones 
% cancellous burned* bones (10) Percentage of burned cancellous bones 
% cancellous calcined bones (11) Percentage of calcined cancellous bones 
% burned* long bone diaphysis fragments  (12) Percentage of burned long bone shaft fragments 

*The burned category includes carbonized and calcined bones. 
  



 

 
 

SI Table 8. Skeletal representation of Levels A1, A2, and MS. NISPe=Number of identified specimens 
of skeletal elements, H=head, A/h=antler/horn, N=neck, A=axial skeleton, Uf=upper forelimb, 
Uh=upper hindlimb, Lf=lower forelimb, Lh=lower hindlimb, Il=indeterminate limb, T=toes, 
I=indeterminate. 
 

NISPe values H A/h N A Uf Uh Lf Lh Il T I 

Taxa Level A1                       
Cervidae 1/2 (N=6) 0 0 0 0 0 0 0 0 4 0 2 
Cervinae (N=69) 8 0 0 5 1 0 2 2 23 1 27 
Caprinae (N=29) 3 0 0 4 0 0 0 0 13 1 8 
Bovinae (N=14) 0 0 0 0 0 0 0 0 10 0 4 
Equidae (N=2) 0 0 0 0 0 0 0 0 0 0 2 
Suidae (N=2) 1 0 0 0 0 0 0 0 0 0 1 
Ungulate 1/2 (N=4) 0 0 0 0 0 0 1 2 1 0 0 
Ungulate 3/4 (N=28) 9 0 0 0 1 1 0 2 9 4 2 
Carnivore (N=2) 1   1        
 
Taxa Level A2 

                      

Cervidae 1/2 (N=2) 0 0 0 0 0 1 0 0 0 0 1 
Cervinae (N=39) 5 1 0 1 0 0 0 0 16 0 16 
Caprinae (N=21) 3 0 0 0 1 0 0 0 10 0 7 
Bovinae (N=25) 2 0 0 0 0 0 1 1 8 1 12 
Equidae (N=11) 4 0 0 0 0 0 1 2 1 0 3 
Suidae (N=6) 2 0 0 1 1 0 0 0 0 1 1 
Ungulate ½ (N=4) 3 0 0 0 0 0 1 0 0 0 0 
Ungulate ¾ (N=75) 45 0 2 3 1 2 1 0 9 6 6 
Carnivore (N=2) 0 0 0 0 0 0 0 0 2 0 0 
Ursidae (N=1) 0 0 0 0 0 0 0 0 1 0 0 
 
Taxa Level MS 

                      

Cervidae 1/2 (N=1) 0 0 0 0 0 0 0 0 0 1 0 
Cervinae (N=15) 2 0 0 7 0 3 1 0 0 0 2 
Caprinae (N=5) 5 0 0 0 0 0 0 0 0 0 0 
Bovinae (N=0) 0 0 0 0 0 0 0 0 0 0 0 
Equidae (N=1) 1 0 0 0 0 0 0 0 0 0 0 
Suidae (N=2) 2 0 0 0 0 0 0 0 0 0 0 
Ungulate 1/2 (N=6) 4 0 0 0 0 0 0 1 0 1 0 
Ungulate 3/4 (N=26) 15 0 0 6 0 0 0 0 0 2 3 
Carnivore (N=6) 6 0 0 0 0 0 0 0 0 0 0 
Ursidae (N=1) 1 0 0 0 0 0 0 0 0 0 0 

  



 

 
 

SI Table 9. Data on age, sex, and seasonality in Levels A1, A2, and MS. J=juvenile, A=prime aged adult, 
O=old. 
  

Area Element Age estimate J A O Sex Season 
Taxa 
 
Level A1 

               

Teeth         
Cervus elaphus outside maxillary with M2 2-3.5 years n/a 1 n/a n/a n/a 
Cervus elaphus outside indeter. molar 

maxillary 
< 3 years n/a n/a n/a n/a n/a 

Cervus elaphus outside P2 maxillary 2-3 years n/a 1 n/a n/a n/a 
Dama dama outside indeter. molar 

maxillary 
< 4 years n/a n/a n/a n/a n/a 

Capra ibex outside P3 maxillary 1-3 years n/a 1 n/a n/a n/a 
Sus scrofa inside indeter. premolar >3 years n/a n/a 1 n/a n/a 
Bovidae size 1/2 inside indeter. molar 

mandibular 
n/a n/a 1 n/a n/a n/a 

 
Level A2 

 
   

     

Teeth               
Cervus sp. outside P4 mandibular 5-6.5 years n/a 1 n/a n/a n/a 
Cervidae size 2/3 inside indeter. molar n/a n/a 1 n/a n/a n/a 
Cervidae size 2/3 inside P1 mandibular 2-3 years n/a 1 n/a n/a n/a 
Capra ibex inside indeter. molar <4 years n/a n/a n/a n/a n/a 
Bos/Bison sp. inside indeter. molar n/a n/a 1 n/a n/a n/a 
Equus sp. outside molar/premolar 

maxillary 
<2 years 1 n/a n/a n/a n/a 

Equus sp. outside premolar 
mandibular 

>10 years n/a n/a 1 n/a n/a 

Equus sp. outside M3 maxillary 1-2 years 1 n/a n/a n/a n/a 
Artiodactyla size 3/4 inside indeter. molar < 2 years 1 n/a n/a n/a n/a 
Bones 

 
  

     

Cervidae size 2/3 inside antler n/a n/a n/a n/a male winter/ 
spring 

Bos/Bison sp. outside radius prox. 
epiphysis 

>3.5-4 years n/a 1 n/a n/a n/a 

Artiodactyla size 3/4 outside indeter. rib n/a 1 n/a n/a n/a n/a 
Artiodactyla size 3/4 outside stylohyoid n/a n/a 1 n/a n/a n/a 
Indeterminate inside long bone fetal n/a n/a n/a n/a winter/ 

spring 
Level MS 

 
   

     

Teeth 
 

  
     

Cervus elaphus outside canine 2-4 years n/a 1 n/a male n/a 
Capra ibex outside M3 maxillary 3-4 years n/a 1 n/a n/a n/a 
Capra ibex inside M2 mandibular 1.5-2 years n/a 1 n/a n/a n/a 
Capra ibex inside P2 maxillary 8-10 years n/a n/a 1 n/a n/a 



 

 
 

Equus sp. outside I1 maxillary 3-9 years n/a 1 n/a n/a n/a 
Ursus sp. inside M1 maxillary n/a 1 n/a n/a n/a n/a 
Carnivore size 3 inside M1 mandibular < 1 year 1 n/a n/a n/a n/a 
Carnivore size 3 inside indeter. canine < 1 year 1 n/a n/a n/a n/a 
Bones 

 
  

     

Cervus sp. outside Femur dist. 
epiphysis 

2-4 years n/a 1 n/a n/a n/a 

Cervus sp. outside Rib 3-6 prox. 
epiphysis 

n/a n/a 1 n/a n/a n/a 

Cervidae size 2/3 outside Rib 3-6 prox. 
epiphysis 

n/a n/a 1 n/a n/a n/a 

Cervidae size 2/3 outside Rib 7-10 n/a n/a 1 n/a n/a n/a 
Cervus sp. outside Ulna prox. 

epiphysis 
>2-7 years n/a 1 n/a n/a n/a 

Artiodactyla size 1/2 inside tibia prox. 
epiphysis 

<2 years 1 n/a n/a n/a n/a 

 
  



 

 
 

SI Table 10. Taxonomic identifications of the 438 ZooMS samples including their original morphological identifications. 
 
Sample 
Number 

Archaeo. 
Level   

  Taxonomic 
Identification 

    
Final 
Identification 

    Morphology 
ZooMS Acid-

soluble 
ZooMS Acid-

insoluble 
RPC Acid-

soluble 
RPC Acid-
insoluble 

  

B98 A2 Indeterminate Capra Capra n/a n/a Capra 
B99 A2 Indeterminate Bos/Bison Bos/Bison n/a n/a Bos/Bison 

B114 A2 
Indeterminate Poor collagen 

n/a n/a n/a 
Indeterminate 

B118 A2 
Indeterminate Cervus/Capreolus 

n/a 
Ungulate 

n/a 
Cervidae 

B123 A2 Indeterminate Poor collagen 
n/a n/a n/a 

Indeterminate 

B124 A2 Indeterminate Poor collagen 
n/a n/a n/a 

Indeterminate 

B125 A2 Indeterminate Cervus n/a n/a n/a Cervus 
B127 A2 Indeterminate Equus n/a n/a n/a Equus 

B129 A2 
Indeterminate Poor collagen 

n/a n/a n/a 
Indeterminate 

B135 A2 
Indeterminate Poor collagen 

n/a n/a n/a 
Indeterminate 

B145 A2 Indeterminate Cervus n/a n/a n/a Cervus 
B147 A2 Indeterminate Bos/Bison n/a n/a n/a Bos/Bison 
B150 A2 Indeterminate Cervus n/a n/a n/a Cervus 

B153 A2 Indeterminate Cervus/Capreolus 
n/a n/a n/a 

Cervidae 

B154 A2 
Indeterminate Capreolus 

n/a 
Cervus/Capreolus 

n/a 
Capreolus 

B155 A2 
Indeterminate Poor collagen 

n/a 
n/a 

n/a 
Indeterminate 



 

 
 

B164 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B165 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B166 A2 Indeterminate Cervus/Capreolus 
n/a 

Cervus/Capreolus 
n/a 

Cervidae 

B181 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B182 A1 Indeterminate Poor collagen n/a n/a n/a Indeterminate 
B191 A2 Indeterminate Ungulate n/a n/a n/a Ungulate 

B192 A2 Indeterminate Poor collagen n/a n/a n/a Indeterminate 

B194 A2 Indeterminate Poor collagen n/a n/a n/a Indeterminate 

B195 A2 Indeterminate Poor collagen n/a n/a n/a Indeterminate 

B198 A2 Indeterminate Poor collagen n/a n/a n/a Indeterminate 
B199 A2 Indeterminate Cervus n/a n/a n/a Cervus 

B200 A1 Indeterminate Poor collagen n/a n/a n/a Indeterminate 

B201 A1 Indeterminate Poor collagen n/a n/a n/a Indeterminate 

B204 A1 Indeterminate Poor collagen n/a n/a n/a Indeterminate 

B205 A1 Indeterminate Poor collagen n/a n/a n/a Indeterminate 

B207 A1 Indeterminate Poor collagen n/a n/a n/a Indeterminate 

B208 A1 Indeterminate Poor collagen n/a n/a n/a Indeterminate 

B211 A1 Indeterminate Poor collagen n/a n/a n/a Indeterminate 



 

 
 

B212 A1 Indeterminate Poor collagen n/a n/a n/a Indeterminate 

B215 A1 Indeterminate Poor collagen n/a n/a n/a Indeterminate 

B216 A1 Indeterminate Poor collagen n/a n/a n/a Indeterminate 

B217 A1 Indeterminate Poor collagen n/a n/a n/a Indeterminate 

B218 A1 Indeterminate Poor collagen n/a n/a n/a Indeterminate 

B223 A1 Indeterminate Poor collagen n/a n/a n/a Indeterminate 

B224 A1 Indeterminate Poor collagen n/a n/a n/a Indeterminate 

B225 A1 Indeterminate Poor collagen n/a n/a n/a Indeterminate 

B228 A2 Indeterminate Poor collagen n/a n/a n/a Indeterminate 

B229 A2 Indeterminate Poor collagen n/a n/a n/a Indeterminate 

B230 A2 Indeterminate Poor collagen n/a n/a n/a Indeterminate 

B231 A2 Indeterminate Poor collagen n/a n/a n/a Indeterminate 

B232 A2 Indeterminate Poor collagen n/a n/a n/a Indeterminate 

B233 A2 Indeterminate Poor collagen n/a n/a n/a Indeterminate 

B234 A2 Indeterminate Poor collagen n/a n/a n/a Indeterminate 

B235 A2 Indeterminate Poor collagen n/a n/a n/a Indeterminate 

B236 A2 Indeterminate Poor collagen n/a n/a n/a Indeterminate 



 

 
 

B237 A2 Indeterminate Poor collagen n/a n/a n/a Indeterminate 

B238 A2 Indeterminate Poor collagen n/a n/a n/a Indeterminate 

B239 A2 Indeterminate Cervus/Capreolus n/a n/a n/a Cervidae 

B264 A2 Indeterminate Poor collagen n/a n/a n/a Indeterminate 
B269 A2 Indeterminate Cervus n/a n/a n/a Cervus 

B296 A2 Indeterminate Poor collagen n/a n/a n/a Indeterminate 

B299 A2 Indeterminate Poor collagen n/a n/a n/a Indeterminate 

B304 A2 Indeterminate Cervus/Capreolus n/a n/a n/a Cervidae 

B306 A2 Indeterminate Poor collagen n/a n/a n/a Indeterminate 

B307 A2 
Indeterminate Capra/Rangifer 

n/a 
n/a 

n/a 
Capra 

B308 A2 Indeterminate Poor collagen n/a n/a n/a Indeterminate 

B309 A2 Indeterminate Poor collagen n/a n/a n/a Indeterminate 

B310 A2 Indeterminate Poor collagen n/a n/a n/a Indeterminate 
B330 A2 Indeterminate Cervus n/a n/a n/a Cervus 

B365 A2 Indeterminate Poor collagen n/a n/a n/a Indeterminate 

B385 A1 Indeterminate Poor collagen n/a n/a n/a Indeterminate 

B386 A1 Indeterminate Poor collagen n/a n/a n/a Indeterminate 

B390 A1 Indeterminate Poor collagen n/a n/a n/a Indeterminate 



 

 
 

B393 A1 Indeterminate Poor collagen n/a n/a n/a Indeterminate 

B399 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B407 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B408 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B409 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B473 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B474 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B475 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B476 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B487 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B489 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B491 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B492 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B493 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B500 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B501 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B502 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 



 

 
 

B510 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B511 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B512 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B513 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B514 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B515 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B516 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B517 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B794 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B795 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B796 A2 Indeterminate Ungulate n/a n/a n/a Ungulate 

B797 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B799 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B800 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B801 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B804 A2 Indeterminate Bos/Bison n/a n/a n/a Bos/Bison 

B805 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B808 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 



 

 
 

B809 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B816 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B833 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B840 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B850 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B860 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B863 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B867 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B870 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B877 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B881 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B889 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B891 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B893 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B896 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B897 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B898 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 



 

 
 

B910 A2 Indeterminate Cervus n/a n/a n/a Cervus 

B911 A2 Indeterminate Bos/Bison n/a n/a n/a Bos/Bison 

B912 A2 Indeterminate Cervus n/a n/a n/a Cervus 

B926 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B928 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B929 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B933 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B935 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B936 A2 Indeterminate Cervus/Capreolus 
n/a 

Cervus/Capreolus 
n/a 

Cervidae 

B938 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B951 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B952 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B953 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B954 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B955 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B959 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B960 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B968 A2 Indeterminate Cervus n/a n/a n/a Cervus 



 

 
 

B975 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B976 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B977 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B979 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B983 A2 Ungulate Poor collagen 
n/a 

n/a 
n/a 

Ungulate 

B984 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B985 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B989 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B990 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B992 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B994 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B995 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B1004 A1 Ungulate Poor collagen n/a n/a n/a Ungulate 

B1005 A1 Indeterminate Cervus/Capreolus n/a Cervus n/a Cervus 

B1006 A1 Indeterminate Ungulate n/a n/a n/a Ungulate 

B1008 A1 Indeterminate Bos/Bison n/a n/a n/a Bos/Bison 

B1010 A1 Indeterminate Bos/Bison n/a n/a n/a Bos/Bison 

B1011 A1 Indeterminate Bos/Bison n/a n/a n/a Bos/Bison 

B1012 A1 Indeterminate Capra n/a n/a n/a Capra 



 

 
 

B1013 A1 Indeterminate Poor collagen n/a n/a n/a Indeterminate 

B1017 A1 Indeterminate Cervus n/a n/a n/a Cervus 

B1028 A1 Indeterminate Poor collagen n/a n/a n/a Indeterminate 

B1030 A1 Indeterminate Poor collagen n/a n/a n/a Indeterminate 

B1031 A1 Indeterminate Poor collagen n/a n/a n/a Indeterminate 

B1032 A1 Indeterminate Poor collagen n/a n/a n/a Indeterminate 

B1033 A1 Indeterminate Poor collagen n/a n/a n/a Indeterminate 

B1034 A1 Indeterminate Poor collagen n/a n/a n/a Indeterminate 

B1042 A1 Indeterminate Poor collagen n/a n/a n/a Indeterminate 

B1043 A1 Indeterminate Ungulate n/a n/a n/a Ungulate 

B1044 A1 Indeterminate Poor collagen n/a n/a n/a Indeterminate 

B1045 A1 Indeterminate Poor collagen n/a n/a n/a Indeterminate 

B1046 A1 Indeterminate Cervus n/a n/a n/a Cervus 

B1048 A1 Indeterminate Bos/Bison n/a n/a n/a Bos/Bison 

B1049 A1 Indeterminate Bos/Bison n/a n/a n/a Bos/Bison 

B1050 A1 Indeterminate Bos/Bison n/a n/a n/a Bos/Bison 

B1053 A1 Indeterminate Poor collagen n/a n/a n/a Indeterminate 

B1055 A1 Indeterminate Bos/Bison n/a n/a n/a Bos/Bison 

B1056 A1 Indeterminate Equus n/a n/a n/a Equus 

B1057 A1 Indeterminate Poor collagen n/a n/a n/a Indeterminate 



 

 
 

B1058 A1 Indeterminate Capra n/a n/a n/a Capra 

B1059 A1 Indeterminate Cervus n/a n/a n/a Cervus 

B1060 A1 Indeterminate Bos/Bison n/a n/a n/a Bos/Bison 

B1062 A1 Indeterminate Poor collagen n/a n/a n/a Indeterminate 

B1070 A1 Indeterminate Cervus/Capreolus n/a Cervus/Capreolus n/a Cervidae 

B1075 A1 Indeterminate Poor collagen n/a n/a n/a Indeterminate 

B1076 A1 Indeterminate Cervus/Capreolus n/a Cervus/Capreolus n/a Cervidae 

B1077 A1 Indeterminate Poor collagen n/a n/a n/a Indeterminate 

B1079 A1 Indeterminate Poor collagen n/a n/a n/a Indeterminate 

B1080 A1 Indeterminate Poor collagen n/a n/a n/a Indeterminate 

B1084 A1 Indeterminate Cervus n/a n/a n/a Cervus 

B1086 A1 Indeterminate Poor collagen n/a n/a n/a Indeterminate 

B1089 A1 Indeterminate Cervus n/a n/a n/a Cervus 

B1090 A1 Sus scrofa Sus n/a n/a n/a Sus scrofa 

B1092 A1 Indeterminate Poor collagen n/a n/a n/a Indeterminate 

B1231 A1 Indeterminate Poor collagen n/a n/a n/a Indeterminate 

B1232 A1 Indeterminate Poor collagen n/a n/a n/a Indeterminate 

B1236 A1 Indeterminate Cervus/Capreolus n/a Poor collagen n/a Cervidae 

B1238 A1 Indeterminate Poor collagen n/a n/a n/a Indeterminate 



 

 
 

B1239 A1 Indeterminate Poor collagen n/a n/a n/a Indeterminate 

B1241 A1 Indeterminate Poor collagen n/a n/a n/a Indeterminate 

B1254 A2 Indeterminate Cervus/Capreolus 
n/a 

Cervus/Capreolus 
n/a 

Cervidae 

B1259 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B1262 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B1264 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B1268 A2 Sus scrofa Poor collagen 
n/a 

n/a 
n/a 

Sus scrofa 

B1270 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B1273 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B1280 A2 Ungulate Poor collagen 
n/a 

n/a 
n/a 

Artiodactyla 

B1282 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B1289 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B1291 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B1293 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B1297 A2 Indeterminate Mammal n/a n/a n/a Mammal 

B1299 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B1303 A1 Ungulate Poor collagen n/a n/a n/a Ungulate 



 

 
 

B1310 A1 Indeterminate Poor collagen n/a n/a n/a Indeterminate 

B1312 A1 Indeterminate Cervus/Capreolus n/a Cervus n/a Cervus 

B1317 A1 Indeterminate Poor collagen n/a n/a n/a Indeterminate 

B1319 A1 Indeterminate Poor collagen n/a n/a n/a Indeterminate 

B1336 A1 Indeterminate Poor collagen n/a n/a n/a Indeterminate 

B1337 A1 Indeterminate Poor collagen n/a n/a n/a Indeterminate 

B1345 A2 Indeterminate Ungulate n/a n/a n/a Ungulate 

B1346 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B1348 A1 Indeterminate Poor collagen n/a n/a n/a Indeterminate 

B1352 A1 Indeterminate Poor collagen n/a n/a n/a Indeterminate 

B1353 A1 Indeterminate Poor collagen n/a n/a n/a Indeterminate 

B1355 A1 Indeterminate Poor collagen n/a n/a n/a Indeterminate 

B1356 A1 Indeterminate Poor collagen n/a n/a n/a Indeterminate 

B1357 A1 Indeterminate Poor collagen n/a n/a n/a Indeterminate 

B1358 A1 Indeterminate Poor collagen n/a n/a n/a Indeterminate 

B1362 A1 Indeterminate Cervus n/a n/a n/a Cervus 

B1364 A1 Indeterminate Poor collagen n/a n/a n/a Indeterminate 

B1366 A1 Indeterminate Cervus n/a n/a n/a Cervus 



 

 
 

B1370 A1 Indeterminate Poor collagen n/a n/a n/a Indeterminate 

B1379 A1 Indeterminate Poor collagen n/a n/a n/a Indeterminate 

B1441 A1 Indeterminate Poor collagen n/a n/a n/a Indeterminate 

B1442 A1 Indeterminate Poor collagen n/a n/a n/a Indeterminate 

B1468 MS Indeterminate Poor collagen Poor collagen n/a n/a Indeterminate 

B1500 MS Indeterminate Cervus/Capreolus n/a Cervus n/a Cervus 

B1591 MS Indeterminate Poor collagen Poor collagen n/a n/a Indeterminate 

B1602 MS Indeterminate Poor collagen Cervus/Capreolus n/a Cervus/Capreolus Cervidae 

B1699 A2 Equus Equus n/a Equus n/a Equus 

B1700 A1 Capra ibex Capra/Rupicrapra n/a Capra/Rupicapra n/a Capra ibex 

B1701 MS Equus Equus n/a n/a n/a Equus 

B1706 MS Artiodactyla Poor collagen Cervus/Capreolus n/a n/a Cervidae 

B1707 MS Ungulate Ungulate Cervus n/a Cervus cervus 

B1708 MS Ungulate Cervus/Capreolus n/a Cervus n/a Cervus 

B1709 MS Ungulate Cervus/Capreolus n/a Cervus n/a Cervus 

B1710 MS Ungulate Cervus/Capreolus n/a Cervus n/a Cervus 

B1713 MS Ungulate Ungulate Cervus/Capreolus n/a Cervus Cervus 

B1716 MS Indeterminate Poor collagen Sus n/a n/a Sus 



 

 
 

B1717 A2 Indeterminate Ungulate Bos/Bison n/a Bos/Bison Bos/Bison 

B1718 A2 Indeterminate Poor collagen Bos/Bison n/a 
n/a 

Bos/Bison 

B1719 A2 Indeterminate Ungulate Bos/Bison n/a Bos/Bison Bos/Bison 

B1720 A2 Indeterminate Ungulate n/a Bos/Bison n/a Bos/Bison 

B1721 A2 Indeterminate Cervus/Capreolus 
n/a 

Cervus 
n/a 

Cervus 

B1722 A2 Indeterminate Bos/Bison n/a n/a n/a Bos/Bison 

B1725 A2 Artiodactyla Bos/Bison n/a n/a n/a Bos/Bison 

B1726 A1 Indeterminate Poor collagen n/a n/a n/a Indeterminate 

B1727 MS Cervid Ungulate Cervus n/a Cervus Cervus 

B1728 MS Artiodactyla Poor collagen Cervus n/a n/a Cervus 

B1729 MS Artiodactyla Poor collagen Mammal n/a n/a Artiodactyla 

B1730 MS Artiodactyla Poor collagen Cervus/Capreolus n/a n/a Cervidae 

B1731 A1 Artiodactyla Capra/Rupicrapra n/a Capra/Rupicapra n/a Caprinae 

B1732 A1 Indeterminate Poor collagen Poor collagen n/a n/a Indeterminate 

B1733 MS Artiodactyla Cervus/Capreolus n/a Cervus n/a Cervus 

B1734 A1 Artiodactyla Cervus/Capreolus Cervus/Capreolus n/a n/a Cervidae 

B1736 A1 Artiodactyla Cervus/Capreolus Cervus Cervus/Capreolus n/a Cervus 

B1738 A1 Indeterminate Bos/Bison n/a n/a n/a Bos/Bison 

B1741 A2 Indeterminate Bos/Bison n/a n/a n/a Bos/Bison 

B1744 A1 Artiodactyla Cervus/Capreolus n/a Cervus n/a Cervus 



 

 
 

B1745 A1 Indeterminate Ungulate n/a Poor collagen n/a Ungulate 

B1746 A1 Indeterminate Cervus/Capreolus n/a Cervus n/a Cervus 

B1747 A1 Artiodactyla Poor collagen Cervus/Capreolus n/a n/a Cervidae 

B1748 A1 Ungulate Cervus/Capreolus n/a Cervus n/a Cervidae 

B1749 A1 Artiodactyla Capra/Rupicrapra n/a Capra n/a Capra 

B1751 A1 Cervus/Dama Cervus/Capreolus n/a Cervus n/a Cervus 

B1752 A1 Artiodactyla Poor collagen n/a n/a n/a Artiodactyla 

B1753 A1 Indeterminate Ungulate Cervus/Capreolus n/a Cervus Cervus 

B1755 A1 Indeterminate Cervus n/a Cervus n/a Cervus 

B1756 A1 Ungulate Bos/Bison n/a n/a n/a Bos/Bison 

B1758 A1 Indeterminate Bos/Bison n/a n/a n/a Bos/Bison 

B1759 A1 Indeterminate Capra/Rupicrapra n/a Capra n/a Capra 

B1760 A1 Artiodactyla Cervus/Capreolus n/a Cervus n/a cervus 

B1762 A1 Indeterminate Cervus n/a n/a n/a Cervus 

B1763 A1 Indeterminate Cervus/Capreolus n/a Cervus n/a Cervus 

B1765 A1 Indeterminate Cervus n/a n/a n/a Cervus 

B1766 A1 Indeterminate Cervus n/a n/a n/a Cervus 

B1767 A1 Indeterminate Cervus n/a n/a n/a Cervus 

B1768 A1 Indeterminate Poor collagen Cervus n/a n/a Cervus 



 

 
 

B1769 A1 Indeterminate Cervus/Capreolus n/a Cervus n/a Cervus 

B1770 A1 Indeterminate Cervus n/a n/a n/a Cervus 

B1771 A1 Indeterminate Cervus n/a n/a n/a Cervus 

B1772 A1 Indeterminate Cervus/Capreolus Cervus/Capreolus Cervus n/a Cervus 

B1773 A1 Indeterminate Cervus n/a n/a n/a Cervus 

B1774 A1 Ungulate Cervus/Capreolus n/a Cervus n/a Cervus 

B1775 A1 Ungulate Ungulate Cervus n/a Cervus Cervus 

B1777 A1 Indeterminate Poor collagen Equus n/a n/a Equus 

B1781 MS Artiodactyla Cervus/Capreolus n/a Cervus n/a Cervus 

B1923 A1 Indeterminate Ungulate Capra Capra Capra Capra 

B1924 A1 Indeterminate Capra/Rupicrapra n/a Capra n/a Capra 

B1925 A1 Indeterminate Cervus/Capreolus n/a Cervus n/a Cervus 

B1927 A1 Indeterminate Ungulate Cervus n/a Cervus Cervus 

B1929 A1 Indeterminate Capra/Rupicrapra n/a Capra n/a Caprinae 

B1930 A1 Indeterminate Capra/Rupicrapra n/a Capra n/a Capra 

B1931 A1 Indeterminate Cervus/Capreolus n/a Cervus n/a Cervus 

B1933 A1 Indeterminate Capra/Rupicrapra n/a Capra n/a Capra 

B1934 A1 Indeterminate Capra/Rupicrapra n/a Capra n/a Capra 

B1935 A1 Indeterminate Capra/Rupicrapra n/a Capra n/a Capra 



 

 
 

B1936 A1 Indeterminate Capra/Rangifer n/a Capra n/a Capra 

B1938 A1 Indeterminate Capra/Rangifer n/a Capra n/a Capra 

B1940 A1 Indeterminate Capra/Rupicrapra n/a n/a n/a Caprinae 

B1942 A1 Indeterminate Cervus n/a n/a n/a Cervus 

B1944 A1 Indeterminate Cervus n/a n/a n/a Cervus 

B1954 A1 Indeterminate Ungulate Capra n/a Capra Capra 

B1956 A1 Indeterminate Cervus n/a n/a n/a Cervus 

B1957 A1 Indeterminate Poor collagen Cervus n/a n/a Cervus 

B1959 A1 Indeterminate Cervus n/a n/a n/a Cervus 

B1963 A1 Indeterminate Capra/Rupicrapra n/a Capra n/a Capra 

B1964 A1 Indeterminate Capra/Rupicrapra n/a Capra n/a Capra 

B1965 A1 Indeterminate Capra/Rupicrapra n/a Capra n/a Capra 

B1966 A1 Indeterminate Cervus/Capreolus n/a Cervus n/a Cervus 

B1968 A1 Indeterminate Cervus n/a n/a n/a Cervus 

B1972 A1 Indeterminate Cervus n/a n/a n/a Cervus 

B1973 A1 Indeterminate Cervus n/a n/a n/a Cervus 

B1974 A1 Indeterminate Cervus/Capreolus n/a Capreolus n/a Capreolus 

B1976 A1 Indeterminate Cervus n/a n/a n/a Cervus 

B1977 A1 Indeterminate Capra/Rangifer n/a Capra n/a Capra 

B1978 A1 Indeterminate Capreolus n/a n/a n/a Capreolus 



 

 
 

B1979 A1 Indeterminate Capra/Rupicrapra n/a Capra n/a Capra 

B1983 A1 Indeterminate Cervus n/a n/a n/a Cervus 

B1985 A1 Indeterminate Cervus/Capreolus n/a Capreolus n/a Capreolus 

B1986 A1 Indeterminate Capra/Rangifer n/a Capra n/a Capra 

B1988 A1 Indeterminate Cervus n/a n/a n/a Cervus 

B1989 A1 Indeterminate Capra/Rupicrapra n/a n/a n/a Caprinae 

B1990 A1 Indeterminate Sus n/a n/a n/a Sus 

B1993 A1 Indeterminate Bos/Bison n/a n/a n/a Bos/Bison 

B1995 A1 Ungulate Cervus n/a n/a n/a Cervus 

B1998 A1 Ungulate Cervus n/a n/a n/a Cervus 

B2004 A1 Indeterminate Cervus/Capreolus n/a Capreolus n/a Capreolus 

B2007 A1 Indeterminate Poor collagen Capra n/a n/a Capra 

B2010 A1 Indeterminate Cervus/Capreolus n/a Cervus n/a Cervus 

B2011 A1 Indeterminate Cervus n/a n/a n/a Cervus 

B2018 A1 Indeterminate Cervus/Capreolus n/a Cervus n/a Cervus 

B2019 A1 Indeterminate Cervus n/a n/a n/a Cervus 

B2020 A1 Indeterminate Cervus n/a n/a n/a Cervus 

B2021 A1 Indeterminate Capreolus n/a n/a n/a Capreolus 

B2025 A1 Indeterminate Cervus/Capreolus n/a Cervus n/a Cervus 

B2026 A1 Indeterminate Cervus n/a n/a n/a Cervus 

B2027 A1 Indeterminate Bos/Bison n/a n/a n/a Bos/Bison 



 

 
 

B2028 A1 Indeterminate Cervus n/a n/a n/a Cervus 

B2029 A1 Indeterminate Cervus/Capreolus n/a Cervus n/a Cervus 

B2030 A1 Indeterminate Cervus n/a n/a n/a Cervus 

B2032 A1 Indeterminate Cervus/Capreolus n/a Cervus n/a Cervus 

B2033 A1 Indeterminate Cervus/Capreolus n/a Capreolus n/a Capreolus 

B2034 A1 Indeterminate Bos/Bison n/a n/a n/a Bos/Bison 

B2036 A1 Indeterminate Capra/Rupicrapra n/a Capra n/a Capra 

B2037 A1 Indeterminate Cervus n/a n/a n/a Cervus 

B2038 A1 Indeterminate Capra/Rangifer n/a Capra n/a Capra 

B2040 A1 Cervus elaphus Cervus/Capreolus n/a Cervus n/a Cervus elaphus 

B2042 A1 Dama dama Cervus n/a n/a n/a Dama dama 

B2043 A1 Artiodactyla Cervus/Capreolus Cervus/Capreolus n/a Cervus Cervus 

B2046 A2 Cervid Ungulate Cervus n/a n/a Cervus 

B2048 A2 Equus Poor collagen Equus n/a 
n/a 

Equus 

B2049 A2 Ungulate Equus n/a n/a n/a Equus 

B2052 A2 Artiodactyla Equus n/a n/a n/a Equus 

B2053 A2 Indeterminate Capra/Rupicrapra 
n/a 

Capra 
n/a 

Capra 

B2059 A2 Indeterminate Capra n/a n/a n/a Capra 

B2060 A2 Indeterminate Capra n/a n/a n/a Capra 

B2061 A2 Indeterminate Capra n/a n/a n/a Capra 

B2062 A2 Indeterminate Cervus n/a n/a n/a Cervus 



 

 
 

B2063 A2 Indeterminate Capra n/a n/a n/a Capra 

B2065 A2 Indeterminate Cervus n/a n/a n/a Cervus 

B2069 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B2079 A2 Indeterminate Cervus/Capreolus 
n/a 

Cervus 
n/a 

Cervus 

B2082 A2 Indeterminate Cervus n/a n/a n/a Cervus 

B2084 A2 Indeterminate Bos/Bison n/a n/a n/a Bos/Bison 

B2085 A2 Indeterminate Capra n/a n/a n/a Capra 

B2086 A2 Indeterminate Cervus n/a n/a n/a Cervus 

B2088 A2 Indeterminate Bos/Bison n/a n/a n/a Bos/Bison 

B2089 A2 Indeterminate Cervus n/a n/a n/a Cervus 

B2090 A2 Indeterminate Cervus n/a n/a n/a Cervus 

B2094 A2 Indeterminate Ungulate Mammal n/a Ungulate Ungulate 

B2097 A2 Indeterminate Bos/Bison n/a n/a n/a Bos/Bison 

B2103 A2 Artiodactyla Cervus n/a n/a n/a Cervus 

B2114 A2 Indeterminate Capra n/a n/a n/a Capra 

B2121 A2 Indeterminate Bos/Bison n/a n/a n/a Bos/Bison 

B2129 A2 Indeterminate Cervus/Capreolus 
n/a 

Cervus 
n/a 

Cervus 

B2134 A2 Indeterminate Capra/Rupicrapra 
n/a 

Capra 
n/a 

Capra 

B2135 A2 Indeterminate Cervus/Capreolus 
n/a 

Cervus 
n/a 

Cervus 

B2136 A2 Indeterminate Bos/Bison n/a n/a n/a Bos/Bison 

B2141 A2 Indeterminate Bos/Bison n/a n/a n/a Bos/Bison 

B2142 A2 Indeterminate Ungulate Bos/Bison n/a Bos/Bison Bos/Bison 

B2144 A2 Indeterminate Cervus n/a n/a n/a Cervus 



 

 
 

B2145 A2 Ungulate Equus n/a Equus n/a Equus 

B2148 A2 Indeterminate Ungulate Cervus n/a Cervus Cervus 

B2150 A2 Indeterminate Poor collagen 
n/a 

n/a 
n/a 

Indeterminate 

B2152 A2 Indeterminate Bos/Bison n/a n/a n/a Bos/Bison 

B2153 A2 Indeterminate Cervus/Capreolus 
n/a 

Capreolus 
n/a 

Capreolus 

B2154 A2 Indeterminate Bos/Bison n/a n/a n/a Bos/Bison 

B2158 A2 Artiodactyla Capra n/a Capra n/a Capra 

B2159 A2 Artiodactyla Sus n/a Sus n/a Sus 

B2160 A2 Indeterminate Cervus/Capreolus 
n/a 

Cervus 
n/a 

Cervus 

B2161 A2 Indeterminate Cervus n/a n/a n/a Cervus 

B2162 A2 Artiodactyla Cervus/Capreolus Cervus/Capreolus Cervus/Capreolus Cervus Cervus 

B2164 A2 Indeterminate Ursus n/a Carnivore n/a Ursus 

B2165 A2 Indeterminate Capra/Rupicrapra 
n/a 

Capra 
n/a 

Capra 

B2168 A2 Artiodactyla Capra n/a n/a n/a Capra 

B2172 A2 Indeterminate Poor collagen Cervus n/a 
n/a 

Cervus 

B2174 A2 Indeterminate Cervus/Capreolus 
n/a 

Cervus 
n/a 

Cervus 

B2177 A2 Indeterminate Cervus/Capreolus 
n/a 

Cervus 
n/a 

Cervus 

B2178 A2 Indeterminate Cervus/Capreolus Poor collagen Cervus Cervus Cervus 

B2179 A2 Indeterminate Cervus n/a n/a n/a Cervus 

B2180 A2 Indeterminate Cervus n/a n/a n/a Cervus 

B2181 A2 Indeterminate Cervus/Capreolus 
n/a 

Cervus 
n/a 

Cervus 



 

 
 

B2182 A2 Indeterminate Capra/Rupicrapra 
n/a 

Capra 
n/a 

Capra 

B2183 A2 Indeterminate Sus n/a Sus n/a Sus 

B2184 A2 Indeterminate Equus n/a n/a n/a Equus 

B2186 A2 Indeterminate Poor collagen Poor collagen n/a 
n/a 

Indeterminate 

B2188 A2 Indeterminate Cervus/Capreolus 
n/a 

Cervus 
n/a 

Cervus 

B2189 A2 Indeterminate Bos/Bison n/a n/a n/a Bos/Bison 

B2190 A2 Indeterminate Capra n/a n/a n/a Capra 

B2192 A2 Artiodactyla Cervus/Capreolus 
n/a 

Cervus 
n/a 

Cervus 

B2193 A2 Indeterminate Capra/Rupicrapra 
n/a 

Capra 
n/a 

Capra 

B2194 A2 Indeterminate Cervus n/a n/a n/a Cervus 

B2196 A2 Indeterminate Bos/Bison n/a bos/bison n/a Bos/Bison 

B2197 A2 Indeterminate Cervus/Capreolus 
n/a 

Cervus/Capreolus 
n/a 

Cervidae 

B2199 A2 Indeterminate Capra n/a n/a n/a Capra 

B2211 MS Indeterminate Poor collagen Poor collagen n/a n/a Indeterminate 

B2294 MS Indeterminate Poor collagen Ungulate n/a n/a Ungulate 

B2299 MS Indeterminate Poor collagen Cervus/Capreolus n/a n/a Cervidae 

B2304 MS Capra ibex Capra/Rupicrapra n/a Capra n/a Capra ibex 

B2308 MS Indeterminate Poor collagen Poor collagen n/a n/a Indeterminate 

B2311 MS Indeterminate Poor collagen Cervus/Capreolus n/a n/a Indeterminate 

B2330 MS Indeterminate Cervus n/a Cervus n/a Cervus 



 

 
 

B2360 MS Indeterminate Poor collagen Poor collagen n/a n/a Indeterminate 

B2363 MS Indeterminate Poor collagen Cervus/Capreolus n/a n/a Cervidae 

B2447 A2 Indeterminate Poor collagen Poor collagen n/a 
n/a 

Indeterminate 

B2448 A2 Indeterminate Ungulate Poor collagen n/a 
n/a 

Ungulate 
 
  



 

 
 

SI Table 11. Skeletal representation of Cervus sp. in Level A1. Number of identified specimens of 
skeletal elements (NISPe) and minimum number of elements (MNE). 
 
Skeletal elements Left Right Left/Right NISPe MNE 
HEAD      
Teeth 3 0 0 3 n/a 
Antler/horn 0 0 0 0 0 
Maxillary 1 0 1 2 1 
Mandibule 0 0 1 1 1 
Cranium 0 0 2 2 1 
AXIAL SKELETON      
Total vertebra 0 0 0 0 0 
Total rib 0 0 4 4 1 
Atlas 0 0 0 0 0 
Axis 0 0 0 0 0 
Cervical vertebra 0 0 0 0 0 
Thoracic vertebra 0 0 0 0 0 
Lumbar vertebra 0 0 0 0 0 
Intederminate vertebra 0 0 0 0 0 
Sacrum 0 0 0 0 0 
Caudal vertebra 0 0 0 0 0 
Rib diaphysis 0 0 4 4 1 
Rib epiphysis 0 0 0 0 0 
sternum 0 0 0 0 0 
hyoid 0 0 0 0 0 
UPPER FORELIMB      
Total humerus 0 0 0 0 0 
Total scapula 0 0 0 0 0 
Humerus proximal 0 0 0 0 0 
Humerus diaphysis 0 0 0 0 0 
Humerus distal 0 0 0 0 0 
Scapula proximal 0 0 0 0 0 
Scapula middle 0 0 0 0 0 
Scapula distal 0 0 0 0 0 
UPPER HINDLIMB      
Total femur 0 0 0 0 0 
Total Pelvis 0 0 0 0 0 
Femur proximal 0 0 0 0 0 
Femur diaphysis 0 0 0 0 0 
Femur distal 0 0 0 0 0 
Ilium 0 0 0 0 0 
Acetabulum 0 0 0 0 0 
Pubis 0 0 0 0 0 
Ischium 0 0 0 0 0 
LOWER FORELIMB      
Total carpal 0 0 0 0 0 
Total metacarpal 0 0 2 2 1 



 

 
 

Total Radius.Ulna 0 0 0 0 0 
Metacarpal proximal 0 0 0 0 0 
Metacarpal diaphysis 0 0 2 2 1 
Metacarpal distal 0 0 0 0 0 
Radius.Ulna proximal 0 0 0 0 0 
Radius.Ulna diaphysis 0 0 0 0 0 
Radius.Ulna distal 0 0 0 0 0 
LOWER HINDLIMB      
Total tarsal 0 0 0 0 0 
Talus 0 0 0 0 0 
Calcaneum 0 0 0 0 0 
Total Metatarsal 0 0 2 2 1 
Total Tibia 0 0 0 0 0 
Patella 0 0 0 0 0 
Metatarsal proximal 0 0 0 0 0 
Metatarsal diaphysis 0 0 2 2 1 
Metatarsal  distal 0 0 0 0 0 
Tibia.fibula proximal 0 0 0 0 0 
Tibia.fibula diaphysis 0 0 0 0 0 
Tibia.fibula distal 0 0 0 0 0 
INDETERMINATE 
LIMB      
Total Metapodial 0 0 1 1 1 
Long bone diapysis 0 0 20 20 n/a 
Long bone epiphysis 0 0 1 1 n/a 
Metapodial proximal 0 0 0 0 0 
Metapodial_diaph 0 0 1 1 1 
Metapodial_dist 0 0 0 0 0 
TOES      
Phalanx 1 0 0 0 0 0 
Phalanx 2 0 0 0 0 0 
Phalanx 3 0 0 0 0 0 
Phalanx indeterminate 0 0 0 0 0 
OTHER      
Sesamoid 0 0 0 0 0 

  



 

 
 

SI Table 12. Skeletal representation of Cervus sp. in Level A2. Number of identified specimens of 
skeletal elements (NISPe) and minimum number of elements (MNE). 
 
Skeletal elements Left Right Left/Right NISPe MNE 
HEAD      
Teeth 0 0 3 3 n/a 
Antler/horn 0 0 0 0 0 
Maxillary 0 0 0 0 0 
Mandibule 0 0 0 0 0 
Cranium 0 0 0 0 0 
AXIAL SKELETON      
Total vertebra 0 0 1 1 1 
Total rib 0 0 0 0 0 
Atlas 0 0 0 0 0 
Axis 0 0 0 0 0 
Cervical vertebra 0 0 0 0 0 
Thoracic vertebra 0 0 0 0 0 
Lumbar vertebra 0 0 0 0 0 
Intederminate vertebra 0 0 1 1 1 
Sacrum 0 0 0 0 0 
Caudal vertebra 0 0 0 0 0 
Rib diaphysis 0 0 0 0 0 
Rib epiphysis 0 0 0 0 0 
sternum 0 0 0 0 0 
hyoid 0 0 0 0 0 
UPPER FORELIMB      
Total humerus 0 0 0 0 0 
Total scapula 0 0 0 0 0 
Humerus proximal 0 0 0 0 0 
Humerus diaphysis 0 0 0 0 0 
Humerus distal 0 0 0 0 0 
Scapula proximal 0 0 0 0 0 
Scapula middle 0 0 0 0 0 
Scapula distal 0 0 0 0 0 
UPPER HINDLIMB      
Total femur 0 0 0 0 0 
Total Pelvis 0 0 0 0 0 
Femur proximal 0 0 0 0 0 
Femur diaphysis 0 0 0 0 0 
Femur distal 0 0 0 0 0 
Ilium 0 0 0 0 0 
Acetabulum 0 0 0 0 0 
Pubis 0 0 0 0 0 
Ischium 0 0 0 0 0 
LOWER FORELIMB      



 

 
 

Total carpal 0 0 0 0 0 
Total metacarpal 0 0 0 0 0 
Total Radius.Ulna 0 0 0 0 0 
Metacarpal proximal 0 0 0 0 0 
Metacarpal diaphysis 0 0 0 0 0 
Metacarpal distal 0 0 0 0 0 
Radius.Ulna proximal 0 0 0 0 0 
Radius.Ulna diaphysis 0 0 0 0 0 
Radius.Ulna distal 0 0 0 0 0 
LOWER HINDLIMB      
Total tarsal 0 0 0 0 0 
Talus 0 0 0 0 0 
Calcaneum 0 0 0 0 0 
Total Metatarsal 0 0 0 0 0 
Total Tibia 0 0 0 0 0 
Patella 0 0 0 0 0 
Metatarsal proximal 0 0 0 0 0 
Metatarsal diaphysis 0 0 0 0 0 
Metatarsal  distal 0 0 0 0 0 
Tibia.fibula proximal 0 0 0 0 0 
Tibia.fibula diaphysis 0 0 0 0 0 
Tibia.fibula distal 0 0 0 0 0 
INDETERMINATE 
LIMB 0 0 16 16 n/a 
Total Metapodial 0 0 1 1 1 
Long bone diapysis 0 0 15 15 n/a 
Long bone epiphysis 0 0 0 0 n/a 
Metapodial proximal 0 0 0 0 0 
Metapodial_diaph 0 0 1 1 1 
Metapodial_dist 0 0 0 0 0 
TOES      
Phalanx 1 0 0 0 0 0 
Phalanx 2 0 0 0 0 0 
Phalanx 3 0 0 0 0 0 
Phalanx indeterminate 0 0 0 0 0 
OTHER      
Sesamoid 0 0 0 0 0 

 
  



 

 
 

SI Table 13. Skeletal representation of Cervus sp. in Level MS. Number of identified specimens of 
skeletal elements (NISPe) and minimum number of elements (MNE). 
 
Skeletal elements Left Right Left/Right NISPe MNE 
HEAD      
Teeth 1 0 0 1 n/a 
Antler/horn 0 0 0 0 0 
Maxillary 0 0 0 0 0 
Mandibule 0 0 0 0 0 
Cranium 0 0 0 0 0 
AXIAL SKELETON      
Total vertebra 0 0 1 1 1 
Total rib 2 0 2 4 3 
Atlas 0 0 0 0 0 
Axis 0 0 0 0 0 
Cervical vertebra 0 0 0 0 0 
Thoracic vertebra 0 0 1 1 1 
Lumbar vertebra 0 0 0 0 0 
Intederminate vertebra 0 0 0 0 0 
Sacrum 0 0 0 0 0 
Caudal vertebra 0 0 0 0 0 
Rib diaphysis 1 0 2 3 2 
Rib epiphysis 1 0 0 1 1 
sternum 0 0 0 0 0 
hyoid 0 0 0 0 0 
UPPER FORELIMB      
Total humerus 0 0 0 0 0 
Total scapula 0 0 0 0 0 
Humerus proximal 0 0 0 0 0 
Humerus diaphysis 0 0 0 0 0 
Humerus distal 0 0 0 0 0 
Scapula proximal 0 0 0 0 0 
Scapula middle 0 0 0 0 0 
Scapula distal 0 0 0 0 0 
UPPER HINDLIMB      
Total femur 2 0 0 2 1 
Total Pelvis 0 0 0 0 0 
Femur proximal 1 0 0 1 1 
Femur diaphysis 1 0 0 1 1 
Femur distal 0 0 0 0 0 
Ilium 0 0 0 0 0 
Acetabulum 0 0 0 0 0 
Pubis 0 0 0 0 0 
Ischium 0 0 0 0 0 
LOWER FORELIMB      



 

 
 

 

 
  

Total carpal 0 0 0 0 0 
Total metacarpal 0 0 0 0 0 
Total Radius.Ulna 0 1 0 1 1 
Metacarpal proximal 0 0 0 0 0 
Metacarpal diaphysis 0 0 0 0 0 
Metacarpal distal 0 0 0 0 0 
Radius.Ulna proximal 0 1 0 1 1 
Radius.Ulna diaphysis 0 0 0 0 0 
Radius.Ulna distal 0 0 0 0 0 
LOWER HINDLIMB      
Total tarsal 0 0 0 0 0 
Talus 0 0 0 0 0 
Calcaneum 0 0 0 0 0 
Total Metatarsal 0 0 0 0 0 
Total Tibia 0 0 0 0 0 
Patella 0 0 0 0 0 
Metatarsal proximal 0 0 0 0 0 
Metatarsal diaphysis 0 0 0 0 0 
Metatarsal  distal 0 0 0 0 0 
Tibia.fibula proximal 0 0 0 0 0 
Tibia.fibula diaphysis 0 0 0 0 0 
Tibia.fibula distal 0 0 0 0 0 
INDETERMINATE 
LIMB      
Total Metapodial 0 0 0 0 0 
Long bone diapysis 0 0 0 0 n/a 
Long bone epiphysis 0 0 0 0 n/a 
Metapodial proximal 0 0 0 0 0 
Metapodial_diaph 0 0 0 0 0 
Metapodial_dist 0 0 0 0 0 
TOES      
Phalanx 1 0 0 0 0 0 
Phalanx 2 0 0 0 0 0 
Phalanx 3 0 0 0 0 0 
Phalanx indeterminate 0 0 0 0 0 
OTHER      
Sesamoid 0 0 0 0 0 



 

 
 

SI Table 14. Skeletal representation of Bos/Bison sp. in Level A1. Number of identified specimens of 
skeletal elements (NISPe) and minimum number of elements (MNE). 
 
Skeletal elements Left Right Left/Right NISPe MNE 
HEAD      
Teeth 0 0 0 0 n/a 
Antler/horn 0 0 0 0 0 
Maxillary 0 0 0 0 0 
Mandibule 0 0 0 0 0 
Cranium 0 0 0 0 0 
AXIAL SKELETON      
Total vertebra 0 0 0 0 0 
Total rib 0 0 0 0 0 
Atlas 0 0 0 0 0 
Axis 0 0 0 0 0 
Cervical vertebra 0 0 0 0 0 
Thoracic vertebra 0 0 0 0 0 
Lumbar vertebra 0 0 0 0 0 
Intederminate vertebra 0 0 0 0 0 
Sacrum 0 0 0 0 0 
Caudal vertebra 0 0 0 0 0 
Rib diaphysis 0 0 0 0 0 
Rib epiphysis 0 0 0 0 0 
sternum 0 0 0 0 0 
hyoid 0 0 0 0 0 
UPPER FORELIMB      
Total humerus 0 0 0 0 0 
Total scapula 0 0 0 0 0 
Humerus proximal 0 0 0 0 0 
Humerus diaphysis 0 0 0 0 0 
Humerus distal 0 0 0 0 0 
Scapula proximal 0 0 0 0 0 
Scapula middle 0 0 0 0 0 
Scapula distal 0 0 0 0 0 
UPPER HINDLIMB      
Total femur 0 0 0 0 0 
Total Pelvis 0 0 0 0 0 
Femur proximal 0 0 0 0 0 
Femur diaphysis 0 0 0 0 0 
Femur distal 0 0 0 0 0 
Ilium 0 0 0 0 0 
Acetabulum 0 0 0 0 0 
Pubis 0 0 0 0 0 
Ischium 0 0 0 0 0 
LOWER FORELIMB      



 

 
 

Total carpal 0 0 0 0 0 
Total metacarpal 0 0 0 0 0 
Total Radius.Ulna 0 0 0 0 0 
Metacarpal proximal 0 0 0 0 0 
Metacarpal diaphysis 0 0 0 0 0 
Metacarpal distal 0 0 0 0 0 
Radius.Ulna proximal 0 0 0 0 0 
Radius.Ulna diaphysis 0 0 0 0 0 
Radius.Ulna distal 0 0 0 0 0 
LOWER HINDLIMB      
Total tarsal 0 0 0 0 0 
Talus 0 0 0 0 0 
Calcaneum 0 0 0 0 0 
Total Metatarsal 0 0 0 0 0 
Total Tibia 0 0 0 0 0 
Patella 0 0 0 0 0 
Metatarsal proximal 0 0 0 0 0 
Metatarsal diaphysis 0 0 0 0 0 
Metatarsal  distal 0 0 0 0 0 
Tibia.fibula proximal 0 0 0 0 0 
Tibia.fibula diaphysis 0 0 0 0 0 
Tibia.fibula distal 0 0 0 0 0 
INDETERMINATE 
LIMB      
Total Metapodial 0 0 0 0 0 
Long bone diapysis 0 0 10 10 n/a 
Long bone epiphysis 0 0 0 0 n/a 
Metapodial proximal 0 0 0 0 0 
Metapodial_diaph 0 0 0 0 0 
Metapodial_dist 0 0 0 0 0 
TOES      
Phalanx 1 0 0 0 0 0 
Phalanx 2 0 0 0 0 0 
Phalanx 3 0 0 0 0 0 
Phalanx indeterminate 0 0 0 0 0 
OTHER      
Sesamoid 0 0 0 0 0 

  



 

 
 

SI Table 15. Skeletal representation of Bos/Bison sp. in Level A2. Number of identified specimens of 
skeletal elements (NISPe) and minimum number of elements (MNE). 
 
Skeletal elements Left Right Left/Right NISPe MNE 
HEAD      
Teeth 1 0 1 2 n/a 
Antler/horn 0 0 0 0 0 
Maxillary 0 0 0 0 0 
Mandibule 0 0 0 0 0 
Cranium 0 0 0 0 0 
AXIAL SKELETON      
Total vertebra 0 0 0 0 0 
Total rib 0 0 0 0 0 
Atlas 0 0 0 0 0 
Axis 0 0 0 0 0 
Cervical vertebra 0 0 0 0 0 
Thoracic vertebra 0 0 0 0 0 
Lumbar vertebra 0 0 0 0 0 
Intederminate vertebra 0 0 0 0 0 
Sacrum 0 0 0 0 0 
Caudal vertebra 0 0 0 0 0 
Rib diaphysis 0 0 0 0 0 
Rib epiphysis 0 0 0 0 0 
sternum 0 0 0 0 0 
hyoid 0 0 0 0 0 
UPPER FORELIMB      
Total humerus 0 0 1 1 1 
Total scapula 0 0 0 0 0 
Humerus proximal 0 0 1 1 1 
Humerus diaphysis 0 0 0 0 0 
Humerus distal 0 0 0 0 0 
Scapula proximal 0 0 0 0 0 
Scapula middle 0 0 0 0 0 
Scapula distal 0 0 0 0 0 
UPPER HINDLIMB      
Total femur 0 0 0 0 0 
Total Pelvis 0 0 0 0 0 
Femur proximal 0 0 0 0 0 
Femur diaphysis 0 0 0 0 0 
Femur distal 0 0 0 0 0 
Ilium 0 0 0 0 0 
Acetabulum 0 0 0 0 0 
Pubis 0 0 0 0 0 
Ischium 0 0 0 0 0 
LOWER FORELIMB      



 

 
 

Total carpal 0 0 0 0 0 
Total metacarpal 0 0 0 0 0 
Total Radius.Ulna 0 0 1 1 1 
Metacarpal proximal 0 0 0 0 0 
Metacarpal diaphysis 0 0 0 0 0 
Metacarpal distal 0 0 0 0 0 
Radius.Ulna proximal 0 0 0 0 0 
Radius.Ulna diaphysis 0 0 0 0 0 
Radius.Ulna distal 0 0 1 1 1 
LOWER HINDLIMB      
Total tarsal 0 0 1 1 1 
Talus 0 0 0 0 0 
Calcaneum 0 0 0 0 0 
Total Metatarsal 0 0 0 0 0 
Total Tibia 0 0 0 0 0 
Patella 0 0 0 0 0 
Metatarsal proximal 0 0 0 0 0 
Metatarsal diaphysis 0 0 0 0 0 
Metatarsal  distal 0 0 0 0 0 
Tibia.fibula proximal 0 0 0 0 0 
Tibia.fibula diaphysis 0 0 0 0 0 
Tibia.fibula distal 0 0 0 0 0 
INDETERMINATE 
LIMB      
Total Metapodial 0 0 0 0 0 
Long bone diapysis 0 0 8 8 n/a 
Long bone epiphysis 0 0 0 0 n/a 
Metapodial proximal 0 0 0 0 0 
Metapodial_diaph 0 0 0 0 0 
Metapodial_dist 0 0 0 0 0 
TOES      
Phalanx 1 0 0 0 0 0 
Phalanx 2 0 0 0 0 0 
Phalanx 3 0 0 1 1 1 
Phalanx indeterminate 0 0 0 0 0 
OTHER      
Sesamoid 0 0 0 0 0 

 
  



 

 
 

SI Table 16. Skeletal representation of Bos/Bison sp. in Level MS. Number of identified specimens of 
skeletal elements (NISPe) and minimum number of elements (MNE). 
 
Skeletal elements Left Right Left/Right NISPe MNE 
HEAD      
Teeth 0 0 0 0 n/a 
Antler/horn 0 0 0 0 0 
Maxillary 0 0 0 0 0 
Mandibule 0 0 0 0 0 
Cranium 0 0 0 0 0 
AXIAL SKELETON      
Total vertebra 0 0 0 0 0 
Total rib 0 0 0 0 0 
Atlas 0 0 0 0 0 
Axis 0 0 0 0 0 
Cervical vertebra 0 0 0 0 0 
Thoracic vertebra 0 0 0 0 0 
Lumbar vertebra 0 0 0 0 0 
Intederminate vertebra 0 0 0 0 0 
Sacrum 0 0 0 0 0 
Caudal vertebra 0 0 0 0 0 
Rib diaphysis 0 0 0 0 0 
Rib epiphysis 0 0 0 0 0 
sternum 0 0 0 0 0 
hyoid 0 0 0 0 0 
UPPER FORELIMB      
Total humerus 0 0 0 0 0 
Total scapula 0 0 0 0 0 
Humerus proximal 0 0 0 0 0 
Humerus diaphysis 0 0 0 0 0 
Humerus distal 0 0 0 0 0 
Scapula proximal 0 0 0 0 0 
Scapula middle 0 0 0 0 0 
Scapula distal 0 0 0 0 0 
UPPER HINDLIMB      
Total femur 0 0 0 0 0 
Total Pelvis 0 0 0 0 0 
Femur proximal 0 0 0 0 0 
Femur diaphysis 0 0 0 0 0 
Femur distal 0 0 0 0 0 
Ilium 0 0 0 0 0 
Acetabulum 0 0 0 0 0 
Pubis 0 0 0 0 0 
Ischium 0 0 0 0 0 
LOWER FORELIMB      



 

 
 

Total carpal 0 0 0 0 0 
Total metacarpal 0 0 0 0 0 
Total Radius.Ulna 0 0 0 0 0 
Metacarpal proximal 0 0 0 0 0 
Metacarpal diaphysis 0 0 0 0 0 
Metacarpal distal 0 0 0 0 0 
Radius.Ulna proximal 0 0 0 0 0 
Radius.Ulna diaphysis 0 0 0 0 0 
Radius.Ulna distal 0 0 0 0 0 
LOWER HINDLIMB      
Total tarsal 0 0 0 0 0 
Talus 0 0 0 0 0 
Calcaneum 0 0 0 0 0 
Total Metatarsal 0 0 0 0 0 
Total Tibia 0 0 0 0 0 
Patella 0 0 0 0 0 
Metatarsal proximal 0 0 0 0 0 
Metatarsal diaphysis 0 0 0 0 0 
Metatarsal  distal 0 0 0 0 0 
Tibia.fibula proximal 0 0 0 0 0 
Tibia.fibula diaphysis 0 0 0 0 0 
Tibia.fibula distal 0 0 0 0 0 
INDETERMINATE 
LIMB      
Total Metapodial 0 0 0 0 0 
Long bone diapysis 0 0 0 0 n/a 
Long bone epiphysis 0 0 0 0 n/a 
Metapodial proximal 0 0 0 0 0 
Metapodial_diaph 0 0 0 0 0 
Metapodial_dist 0 0 0 0 0 
TOES      
Phalanx 1 0 0 0 0 0 
Phalanx 2 0 0 0 0 0 
Phalanx 3 0 0 0 0 0 
Phalanx indeterminate 0 0 0 0 0 
OTHER      
Sesamoid 0 0 0 0 0 

 
  



 

 
 

 
SI Table 17. Skeletal representation of Capra sp. in Level A1. Number of identified specimens of 
skeletal elements (NISPe) and minimum number of elements (MNE). 
 
Skeletal elements Left Right Left/Right NISPe MNE 
HEAD      
Teeth 0 1 0 1 n/a 
Antler/horn 0 0 0 0 0 
Maxillary 0 0 0 0 0 
Mandibule 0 0 0 0 0 
Cranium 0 0 1 1 1 
AXIAL SKELETON      
Total vertebra 0 0 1 1 1 
Total rib 0 0 3 3 1 
Atlas 0 0 0 0 0 
Axis 0 0 0 0 0 
Cervical vertebra 0 0 0 0 0 
Thoracic vertebra 0 0 0 0 0 
Lumbar vertebra 0 0 0 0 0 
Intederminate vertebra 0 0 1 1 1 
Sacrum 0 0 0 0 0 
Caudal vertebra 0 0 0 0 0 
Rib diaphysis 0 0 3 3 1 
Rib epiphysis 0 0 0 0 0 
sternum 0 0 0 0 0 
hyoid 0 0 0 0 0 
UPPER FORELIMB      
Total humerus 0 0 0 0 0 
Total scapula 0 0 0 0 0 
Humerus proximal 0 0 0 0 0 
Humerus diaphysis 0 0 0 0 0 
Humerus distal 0 0 0 0 0 
Scapula proximal 0 0 0 0 0 
Scapula middle 0 0 0 0 0 
Scapula distal 0 0 0 0 0 
UPPER HINDLIMB      
Total femur 0 0 0 0 0 
Total Pelvis 0 0 0 0 0 
Femur proximal 0 0 0 0 0 
Femur diaphysis 0 0 0 0 0 
Femur distal 0 0 0 0 0 
Ilium 0 0 0 0 0 
Acetabulum 0 0 0 0 0 
Pubis 0 0 0 0 0 
Ischium 0 0 0 0 0 



 

 
 

LOWER FORELIMB      
Total carpal 0 0 0 0 0 
Total metacarpal 0 0 0 0 0 
Total Radius.Ulna 0 0 0 0 0 
Metacarpal proximal 0 0 0 0 0 
Metacarpal diaphysis 0 0 0 0 0 
Metacarpal distal 0 0 0 0 0 
Radius.Ulna proximal 0 0 0 0 0 
Radius.Ulna diaphysis 0 0 0 0 0 
Radius.Ulna distal 0 0 0 0 0 
LOWER HINDLIMB      
Total tarsal 0 0 0 0 0 
Talus 0 0 0 0 0 
Calcaneum 0 0 0 0 0 
Total Metatarsal 0 0 0 0 0 
Total Tibia 0 0 0 0 0 
Patella 0 0 0 0 0 
Metatarsal proximal 0 0 0 0 0 
Metatarsal diaphysis 0 0 0 0 0 
Metatarsal  distal 0 0 0 0 0 
Tibia.fibula proximal 0 0 0 0 0 
Tibia.fibula diaphysis 0 0 0 0 0 
Tibia.fibula distal 0 0 0 0 0 
INDETERMINATE 
LIMB 0 0 12 12 n/a 
Total Metapodial 0 0 0 0 0 
Long bone diapysis 0 0 12 12 n/a 
Long bone epiphysis 0 0 0 0 n/a 
Metapodial proximal 0 0 0 0 0 
Metapodial_diaph 0 0 0 0 0 
Metapodial_dist 0 0 0 0 0 
TOES      
Phalanx 1 0 0 0 0 0 
Phalanx 2 0 0 0 0 0 
Phalanx 3 0 0 0 0 0 
Phalanx indeterminate 0 0 0 0 0 
OTHER      
Sesamoid 0 0 0 0 0 

 
  



 

 
 

SI Table 18. Skeletal representation of Capra sp. in Level A2. Number of identified specimens of 
skeletal elements (NISPe) and minimum number of elements (MNE). 
 
Skeletal elements Left Right Left/Right NISPe MNE 
HEAD      
Teeth 0 0 3 3 n/a 
Antler/horn 0 0 0 0 0 
Maxillary 0 0 0 0 0 
Mandibule 0 0 0 0 0 
Cranium 0 0 0 0 0 
AXIAL SKELETON      
Total vertebra 0 0 0 0 0 
Total rib 0 0 0 0 0 
Atlas 0 0 0 0 0 
Axis 0 0 0 0 0 
Cervical vertebra 0 0 0 0 0 
Thoracic vertebra 0 0 0 0 0 
Lumbar vertebra 0 0 0 0 0 
Intederminate vertebra 0 0 0 0 0 
Sacrum 0 0 0 0 0 
Caudal vertebra 0 0 0 0 0 
Rib diaphysis 0 0 0 0 0 
Rib epiphysis 0 0 0 0 0 
sternum 0 0 0 0 0 
hyoid 0 0 0 0 0 
UPPER FORELIMB      
Total humerus 0 1 0 1 1 
Total scapula 0 0 0 0 0 
Humerus proximal 0 0 0 0 0 
Humerus diaphysis 0 1 0 1 1 
Humerus distal 0 0 0 0 0 
Scapula proximal 0 0 0 0 0 
Scapula middle 0 0 0 0 0 
Scapula distal 0 0 0 0 0 
UPPER HINDLIMB      
Total femur 0 0 0 0 0 
Total Pelvis 0 0 0 0 0 
Femur proximal 0 0 0 0 0 
Femur diaphysis 0 0 0 0 0 
Femur distal 0 0 0 0 0 
Ilium 0 0 0 0 0 
Acetabulum 0 0 0 0 0 
Pubis 0 0 0 0 0 
Ischium 0 0 0 0 0 
LOWER FORELIMB      



 

 
 

Total carpal 0 0 0 0 0 
Total metacarpal 0 0 0 0 0 
Total Radius.Ulna 0 0 0 0 0 
Metacarpal proximal 0 0 0 0 0 
Metacarpal diaphysis 0 0 0 0 0 
Metacarpal distal 0 0 0 0 0 
Radius.Ulna proximal 0 0 0 0 0 
Radius.Ulna diaphysis 0 0 0 0 0 
Radius.Ulna distal 0 0 0 0 0 
LOWER HINDLIMB      
Total tarsal 0 0 0 0 0 
Talus 0 0 0 0 0 
Calcaneum 0 0 0 0 0 
Total Metatarsal 0 0 0 0 0 
Total Tibia 0 0 0 0 0 
Patella 0 0 0 0 0 
Metatarsal proximal 0 0 0 0 0 
Metatarsal diaphysis 0 0 0 0 0 
Metatarsal  distal 0 0 0 0 0 
Tibia.fibula proximal 0 0 0 0 0 
Tibia.fibula diaphysis 0 0 0 0 0 
Tibia.fibula distal 0 0 0 0 0 
INDETERMINATE 
LIMB      
Total Metapodial 0 0 0 0 0 
Long bone diapysis 0 0 10 10 n/a 
Long bone epiphysis 0 0 0 0 n/a 
Metapodial proximal 0 0 0 0 0 
Metapodial_diaph 0 0 0 0 0 
Metapodial_dist 0 0 0 0 0 
TOES      
Phalanx 1 0 0 0 0 0 
Phalanx 2 0 0 0 0 0 
Phalanx 3 0 0 0 0 0 
Phalanx indeterminate 0 0 0 0 0 
OTHER      
Sesamoid 0 0 1 1 1 

 
  



 

 
 

SI Table 19. Skeletal representation of Capra sp. in Level MS. Number of identified specimens of 
skeletal elements (NISPe) and minimum number of elements (MNE). 
 
Skeletal elements Left Right Left/Right NISPe MNE 
HEAD      
Teeth 1 2 0 3 n/a 
Antler/horn 0 0 0 0 0 
Maxillary 0 0 0 0 0 
Mandibule 0 0 0 0 0 
Cranium 0 0 0 0 0 
AXIAL SKELETON      
Total vertebra 0 0 0 0 0 
Total rib 0 0 0 0 0 
Atlas 0 0 0 0 0 
Axis 0 0 0 0 0 
Cervical vertebra 0 0 0 0 0 
Thoracic vertebra 0 0 0 0 0 
Lumbar vertebra 0 0 0 0 0 
Intederminate vertebra 0 0 0 0 0 
Sacrum 0 0 0 0 0 
Caudal vertebra 0 0 0 0 0 
Rib diaphysis 0 0 0 0 0 
Rib epiphysis 0 0 0 0 0 
sternum 0 0 0 0 0 
hyoid 0 0 0 0 0 
UPPER FORELIMB      
Total humerus 0 0 0 0 0 
Total scapula 0 0 0 0 0 
Humerus proximal 0 0 0 0 0 
Humerus diaphysis 0 0 0 0 0 
Humerus distal 0 0 0 0 0 
Scapula proximal 0 0 0 0 0 
Scapula middle 0 0 0 0 0 
Scapula distal 0 0 0 0 0 
UPPER HINDLIMB      
Total femur 0 0 0 0 0 
Total Pelvis 0 0 0 0 0 
Femur proximal 0 0 0 0 0 
Femur diaphysis 0 0 0 0 0 
Femur distal 0 0 0 0 0 
Ilium 0 0 0 0 0 
Acetabulum 0 0 0 0 0 
Pubis 0 0 0 0 0 
Ischium 0 0 0 0 0 
LOWER FORELIMB      



 

 
 

Total carpal 0 0 0 0 0 
Total metacarpal 0 0 0 0 0 
Total Radius.Ulna 0 0 0 0 0 
Metacarpal proximal 0 0 0 0 0 
Metacarpal diaphysis 0 0 0 0 0 
Metacarpal distal 0 0 0 0 0 
Radius.Ulna proximal 0 0 0 0 0 
Radius.Ulna diaphysis 0 0 0 0 0 
Radius.Ulna distal 0 0 0 0 0 
LOWER HINDLIMB      
Total tarsal 0 0 0 0 0 
Talus 0 0 0 0 0 
Calcaneum 0 0 0 0 0 
Total Metatarsal 0 0 0 0 0 
Total Tibia 0 0 0 0 0 
Patella 0 0 0 0 0 
Metatarsal proximal 0 0 0 0 0 
Metatarsal diaphysis 0 0 0 0 0 
Metatarsal  distal 0 0 0 0 0 
Tibia.fibula proximal 0 0 0 0 0 
Tibia.fibula diaphysis 0 0 0 0 0 
Tibia.fibula distal 0 0 0 0 0 
INDETERMINATE 
LIMB      
Total Metapodial 0 0 0 0 0 
Long bone diapysis 0 0 0 0 n/a 
Long bone epiphysis 0 0 0 0 n/a 
Metapodial proximal 0 0 0 0 0 
Metapodial_diaph 0 0 0 0 0 
Metapodial_dist 0 0 0 0 0 
TOES      
Phalanx 1 0 0 0 0 0 
Phalanx 2 0 0 0 0 0 
Phalanx 3 0 0 0 0 0 
Phalanx indeterminate 0 0 0 0 0 
OTHER      
Sesamoid 0 0 0 0 0 
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