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Abstract

Over the past two decades, taphonomic and zooarchaeological studies have focused on Neanderthal

settlement patterns and subsistence strategies. The south-eastern margins of the Massif Central
constitute one of the regions with the most abundant archaeological evidence of Neanderthal
occupations in France. The faunal record of level 5 of Abri du Maras is a unique source of
information for analysing Neanderthal behaviour at the end of the MIS5. The assemblage is divided
into three levels 5.1, 5.2 and 5.3, which correspond to the three main phases of human occupation of
the shelter in level 5. Through the taphonomic and zooarchaeological analysis of the faunal remains,
we define the characteristics of human occupation developed in the rock shelter. In this paper, we
show that Neanderthal groups used the Abri du Maras as a residential campsite for long-term

occupation events during a whole season, mainly summer. The intensive exploitation of the faunal
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resources is typical of a residential campsite, and the selective seasonal hunting strategy of medium
and large ungulates, centred on prime adults, indicates different Neanderthal subsistence patterns to
the upper levels of the sequence. Here, our results document the chronological changes in
occupation patterns in one of the reference sites in south-eastern France and address questions

related to cultural choices and environmental constraints.

Keywords: Zooarchaeology; Taphonomy; Microwear; Neanderthals; Campsite;
Hunting strategies; Subsistence

1. Introduction

Zooarchaeological studies of Middle Palaeolithic assemblages have proven to be a fundamental tool
for understanding Neanderthal behaviour (Costamagno et al., 2006; Gaudzinski and Roebroeks,
2000; Niven, 2013; Niven et al., 2012; Patou-Mathis, 2000). The current state of knowledge
indicates that Neanderthals were effectively hunted a wide faunal spectrum, from the megafauna to
small preys (Adler and Bar-Oz, 2009; Costamagno et al., 2006; Daujeard and Moncel, 2010; Farizy
et al., 1994; Fernandez-Peris et al., 2008; Gabucio et al., 2014a; Gaudzinski and Roebroeks, 2000;
Hardy and Moncel, 2011; Jaubert and Brugal, 1990; Patou-Mathis, 1994, 2012; Rufa et al., 2014,
2016; Smith, 2015; Stiner, 1991, Stiner et al., 2009; Stiner, 2013; Stiner and Kuhn, 2006).
However, the large number of faunal remains found in Middle Palaeolithic sites indicates that the
consumption of large- and medium-sized ungulates was essential for these groups (Adler et al.,
2006; Brugal, 2001; Burke, 2000; Castel et al., 2017; Costamagno et al., 2006; Farizy et al., 1994;
Gaudzinski, 2006; Gaudzinski and Roebroeks, 2000; Gaudzinski-Windheuser et al., 2018; Jaubert
and Brugal, 1990; Stiner, 1994; Yravedra and Cobo-Sanchez, 2015). It is even more significant if
we consider the importance of meat from ungulates in the Neanderthal diets suggested by numerous
isotopic analysis in bone collagen over their remains (Bocherens, 2011; Bocherens et al., 2016;
Jaouen et al., 2019; Naito et al., 2016; Richards, 2009; Richards and Trinkaus, 2009; WiRing et al.,
2016).

Zooarchaeological studies, together with lithic technology studies (Delagnes et al., 2007; Delagnes
and Meignen, 2006; Dibble, 1995; Eixea, 2018; Kuhn, 1992; Vaquero, 2008; Villa and Lenoir,
2009) have served as the basis for our knowledge of Middle Palaeolithic subsistence and adaptive
strategies (Carrion and Walker, 2019; Marean, 2005; Speth, 2012; Stiner, 2013, 1994). Such
researchs explores mobility and settlement dynamics, leading to the identification of territorial
organization for Middle Palaeolithic groups (Audouze, 2010; Boyle, 2000; Burke, 2000; Delagnes
and Rendu, 2011; Farizy, 1994; Patou-Mathis, 2000; Turqg et al., 2017).



The Middle Palaeolithic record from the south-eastern Rhone valley region has been widely studied,
and Abri du Maras is one of the main reference sites (Daujeard et al., 2019; Daujeard and Moncel,
2010; Moncel and Daujeard, 2012; Moncel, 2010; Moncel et al., 2019, 2004). Daujeard and Moncel
(2010) identified three main types of sites in the area: 1) Type I: Long-term residential camps
characterized by recurrent human accumulation (high rate of anthropogenic modifications),
seasonal selective hunting with a specialized hunting spectrum, transport of whole carcasses or best
pieces, presence of bone retouchers, complete or mostly complete lithic sequences on local stones, a
low percentage of tools; 2) Type Il: Short-term regular camps, with recurrent human accumulation
interspersed with carnivore visits, seasonal selective hunting with a varied herbivore spectrum, with
scavenging events, particularly of very big animals, some retouchers, mostly complete lithic
sequence on flint, exogenous flint, a moderate number of tools; 3) Type Ill: Brief stopping-places:
natural or carnivore accumulations with some human occupations, very scarce or absent burnt
bones, scarce or absent retouchers, mostly complete lithic sequences, high proportions of tools and
low density of lithic remains. This regional analysis enabled us to interpret the regional land use
pattern of Neanderthal groups as a farsighted circulating model, with recurrent base camps and
satellite hunting camps. In this classification, Abri du Maras was defined as an archaeological type |
site (Daujeard and Moncel, 2010). In more recent work, the occupation of level 4.1 was described
as a campsite for short but repeated occupations, in which Neanderthal groups developed hunting
centred on the mass killing of reindeer herds, probably when they crossed the Ardeche River during

the autumn migration (Daujeard et al., 2019).

The Abri du Maras rock shelter is one of the reference sites for the study of Neanderthal behaviour.
The site was studied from a multidisciplinary point of view for over ten years (Daujeard et al.,

2019; Hardy et al., 2020, 2013; Moncel et al., 2014, 2010; Puaud et al., 2015; Richard et al., 2015;
Vettese et al., 2017). In this paper, we present the zooarchaeological analysis of the faunal
assemblage from level 5 of Abri du Maras, recovered during fieldwork carried out from 2006-2018.
The aim is to identify the use of the site during the formation of this level and the occupation
pattern through a complete zooarchaeological and taphonomical study of the faunal assemblage. We
focus on taxonomical representation, hunting and prey selection, and the transport of carcass
elements to the site in order to compare level 5 with the other levels of the Middle Palaeolithic

sequence of Abri du Maras and with other sites from the regional context of the Rhdne valley.



2. The Abri du Maras Rock Shelter
2.1. General description

The Abri du Maras is located in a small dry valley, less than 1 km long, perpendicular to the
Ardeche River valley, a tributary of the Rhone River, near the locality of Saint-Martin d'Ardéche. It
is situated 170 m above sea level and 70 m above the Ardeche River. The rock shelter was
excavated by R. Gilles and J. Combier in the 1950s and 1960s, who described sequence composed
of eight archaeological levels (Combier, 1967). In 2006, a survey at the front of the site identified
two levels at the base of the sequence (named levels 4 and 5) and provided the first overview of the

site (Moncel et al., 2010) (Figure 1). This survey was followed by renewed excavations.

The geological study shows that the cave roof collapsed over time and that the most recent
occupations took place under a small shelter (Debard, 1988). The oldest level identified during
recent excavations was named level 5 (levels 8-6 of the previous excavations) and consists of a
thick organic brown level with a sandy-silty matrix, covering the limestone substratum. It is
truncated in front of the site and covered by a sterile level of rubble with a red clay silt matrix. The
overlying deposit is level 4 (levels 5-4 of the previous excavations), made up of homogeneous
aeolian silt (loess) with some small blocks of limestone. Two phases of occupation have been
identified and dated to MIS 3 (Richard et al., 2015). This level is overline by levels 3, 2 and 1, made
up of rubble with a silty matrix and limestone slabs, similar to those described during the previous
excavations. These levels contain the most recent occupations (Moncel et al., 2010). The latter also
significantly reduced the ceiling height of the shelter, leading to a shift in the surface of the human
occupations, to the limit of the shelter roof. U-The dating of four bone samples from level 5 would
place this level between 70 and 90 ka (72 £ 3 ka, 87 £ 5 ka, 89 + 4 ka, 91 + 4 ka), at the end of MIS
5 or the beginning of MIS 4 (Moncel and Michel, 2000). Level 4.1 in the Abri du Maras is dated to
between 40 + 3 ka and 46 + 3 ka (MIS 3), while samples from level 4.2 provided ages ranging from
42 + 3 kato 55 + 2 ka (MIS 3). These new ages obtained on level 4.1 and 4.2 indicate that the site
was occupied during MIS 3, and thus extend the known chronology of Abri du Maras (end of MIS
4- the beginning of MIS 5, Moncel and Michel, 2000). One sample (AM F6-47), positioned at the
top of level 5 upper in the western part of the site, gave an age of 90 + 9 ka (MIS 5c-b), in
agreement with the previous dating study (Richard et al., 2015).

The study of large ungulates serves as an approach to paleoenvironmental evidence. Here, it
indicates the development of cold weather over time and a decrease in forested areas in favour of

more open steppe landscapes (reindeer succeeding deer), which is in line with sedimentological



results (Debard, 1988; Moncel et al., 2018, 1994). The paleontological analysis in level 4.1 and 4.2
revealed the presence of Rangifer tarandus, Equus ferus cf. germanicus, Cervus elaphus, Bison
priscus, Capra ibex and Megaloceros giganteus (Boulbes and van Asperen, 2019; Daujeard, 2008;
Moncel et al., 1994). The zooarchaeological analysis of levels 4.1 and 4.2 indicates that these levels
result from Neanderthal activity, characterized by a primary access to animal carcasses, systematic
transport of skeletal elements to the rock shelter and a complete exploitation of animal resources
(Daujeard, 2008; Daujeard et al., 2019; Moncel et al., 2018).

Lithic remains were abundant throughout the sequence. Level 4.1 and level 4.2 contain predominant
Levallois production with the importation of large products and complementary in situ knapping of
flakes from small nodule cores (Moncel, 1994). Technological strategies point to the fragmentation
of processes in a local and semi-local perimeter around the rock shelter (Moncel et al., 2018). Large
flakes, blades, and points were produced elsewhere and brought to the occupations with flint and
other raw materials, nodules and fragments of slabs for in situ knapping. Evidence of fire can be
seen in the levels 4 and 5. It consist, besides the charcoal, in the presence of fine lenses of ashes
whose edges are well preserved, which contain scattered ashes, bones and some burnt flints. Based

on their vertical distribution, these lenses mark major episodes of occupation (Moncel et al., 2018).
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Figure 1 Vertical distribution of the archaeological material at Abri du Maras. Abri du Maras materials: green=level 4.1; red=level
4.2; yellow=level 5; blue=level 6.

2.2. Level 5

The upper part of level 5 is covered by a dense bed of large- and middle-sized blocks (between 50
cm and 4.5 m thick), resulting from the major collapse of the shelter. This bed delimits the level 4
from the level 5. The thickest zone of this phase of accumulation is observed in the central and
eastern parts of the site and is estimated at a thickness of 160 cm at the most. Level 5 lies on the
limestone bedrock, excavated in front of the shelter, or partially covers the underlying level 6, a red
and karstic deposit with some evidence of occupation. The bedrock cross-section resembles a series
of steps and the infilling lies on the series of steps. Level 5 is considered as a distinct deposit in the
sequence due to the similarity of the type and structure of the sediment, which consist of series of
several layers of brown clay including small or large blocks resulting from the collapse of the

shelter over time (Figure 1).

Three phases of occupations have been distinguished by means of the systematic plotting of the
material from the sequence along 50 cm sections and by projections of spatial distributions of the
material (Figure 2). Phase 5.1 corresponds to the upper part of the level, with a dense concentration
of archaeological material located just under the blocks. It has been excavated over 25 m2. It can be



distinguished from phase 5.2 (15 m?) by a lower density of archaeological material. The main
discontinuity is observed in the lower part of the level where a sterile bed of small- and middle-
sized blocks results from a minor collapse of the shelter. This bed delimits the phase of occupation
phase 5.3 (15 m?) from the overlying phase 5.2. A higher diversity of core technologies, including
Levallois technology, differentiates technological behaviours in level 5 from level 4. The ratio of
flake tools (and diversity) is higher (around 10% as opposed to less than 5 % for level 4). Flint still
dominates the corpus, associated with other stones, debitage products, some cores and entire
pebbles. The flint types indicate a perimeter of procurement to the south (Orgnac plateau; 20 km

aprox.) and the north of the site.
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Figure 2 Vertical distribution of archaeological material of level 5 in the L line. Level 5.1=green; Level 5.2=red; Level 5.3= yellow.

3. Materials and Methods

A total of 5,383 faunal remains were analysed for this work: 2,511 faunal remains from level 5.1;
1,415 faunal remains from level 5.2; 1,458 faunal remains from level 5.3 were studied. Systematic

dry sieving was undertaken during the excavations.

Taxon, age at death, weight category, element, side (anterior, posterior, medial, lateral, superior and
inferior) and the portion (epiphysis, metaphysis and diaphysis) and position (left/right) were
described when possible. For taxonomic identification were used the reference collection of the Sale

d'anatomie Comparée of the Muséum national d’historie naturel (MNHN) and the reference



collection of the institut de paleontologie humaine (IPH) and for anatomical nomenclature was used
the reference of Barone (Barone, 1976). Carcasses were divided into anatomical parts to estimate
anatomical representation: axial cranial (horns/antlers, skull, mandible, hyoid and isolated teeth),
axial postcranial (vertebrae, ribs, scapula and coxal) and appendicular (extremities). The scapula
was classified with the axial skeleton because it responds to taphonomic processes in a similar way
to the rest of the axial skeleton elements (Yravedra and Dominguez-Rodrigo, 2009). Long bones
were divided into upper appendicular bones (humerus and femur), intermediate (radius/ulna and
tibia) and inferior (metapodials) (Dominguez-Rodrigo, 1997). Three weight categories were used
for the analysis of level 5: large animals weighing between 300 and 1,000 kg (horse, bison);
medium-sized animals weighing between 50 and 300 kg (reindeer, red deer, wild boar, ibex); small-

sized animals weighing less than 50 kg (roe deer, fallow deer, wolf).

Four measures of abundance were used in this work: Number of Specimens (NSP); Number of
Identified Specimens (NISP); Minimum Number of Elements (MNE); Minimum Number of
Animal Units standardized (%MAU); and Minimum Number of Individuals (MNI) (Binford, 1984;
Grayson, 1984; Lyman, 1994). To calculate the NISP were considered fragments whose precise
location in the skeletal element could be determined, quantified and assigned to species or size
class. To calculate the MNE, the superposition of anatomical markers, the age or side were
considered. For long bones, we followed the recommendation of Saladié et al. (2011), dividing
bones using a numerical system of five fixed portions: portions 1 and 5 proximal and distal
epiphysis; portions 2 most proximal part of diaphysis; portion 3 medial region of diaphysis; portion
4 most distal part of diaphysis. The Simpson diversity index (D) were used to establish the degree

of taxonomic diversity (Faith and Du, 2018).

Spearman's rank-order was used to test the correlation between the %MAU and the data provided
by Lam et al. (1999) for bone mineral density, taking into account the MNE of each element. The

significance of the Spearman correlation coefficient used in this work is 95% (0.05).

Transport strategy analysis was carried out following the method proposed by Faith and Gordon
(2007), through the statistical correlation of Spearman's rho between the standardized food utility
index (SFUI) and the %MAU and by applying the Shannon uniformity index (E) to the anatomical
profile. The following high-survival elements were considered: skull, mandible, humerus,
radius/ulna, metacarpal, femur, tibia, and metatarsal (Marean and Cleghorn, 2003). In addition, the
%MAU of the high-survival elements was correlated with the unsaturated marrow index (UMI)
proposed by Morin (2007).



The age at death of the individual and the seasonality of the formation of assemblages were
calculated based on the time of eruption and replacement of teeth and the degree of wear of the
occlusal surfaces (Azorit, 2011; Bignon, 2006; Bouchud, 1966; Brown and Chapman, 1991,
Fernandez and Legendre, 2003; Klein and Cruz-Uribe, 1983; Mariezkurrena, 1983; C. Miller, 1974;
F. L. Miller, 1974; Steele and Weaver, 2002). For the calculation of age according to epiphyseal
fusion of the bones we follow the criteria proposed by Murray (1993) for reindeer. The birth period
for reindeer and horses was between the end of spring and the beginning of summer (horse: Levine,
1982; Burke, 2002) (reindeer: Daujeard et al., 2019). Given that the period of birth and the
replacement of deciduous teeth occur at predictable times of the year, it is possible to calculate the
annual cycle and estimate the season of death (Stiner, 1990). Once the age at death was identified,
individuals were grouped into juveniles, prime adults and old individuals (Stiner, 1990), and plotted
within triangular graph following the separation of mortality profiles proposed by Stiner (1990) and

Discamps and Costamagno (2015) for reindeer and horses.

Moreover, tooth microwear was used to establish the relative duration and to confirm the
seasonality of the formation of the assemblages. Tooth microwear patterns (microscopic features
present on the surface of the enamel) were examined for the most represented species in the
assemblage, Rangifer tarandus and Equus ferus. The analysis was performed following the protocol
established by Solounias and Semprebon (2002). High-resolution dental casts were observed under
transmitted light with a Zeiss Stemi 2000C stereomicroscope at 35x magnification. The microwear
features (i.e., scratches and pits) were quantified on the paracone of the upper molars or the
protoconid of the lower molars. Two measurements of the variability of scratch density, i.e., the
standard deviation (SD) and coefficient of variation (CV) were used to estimate the duration of the
accumulation of faunal associations (Rivals et al., 2015). The integration of these two measures of
variability allows for the classification of each case in one of the following three categories: [A]
seasonal or shorter events, [B] events longer than a season (i.e., two or more contiguous seasons),
[C] distinct events that occurred in different and non-contiguous seasons. Additionally, the
difference in variability among samples was tested using the Bartlett test of homogeneity of

variances.

The method devised by Villa and Mahieu (1991) was followed to establish the degree of
fragmentation and the agents responsible for bone breakage. For this, we considered diaphysis
length and circumference, description of the delineation (longitudinal, transverse and curved / V-
shape), angle (straight, oblique or mixed) and the surface (smooth or jagged) of fracture planes.



The taphonomic analysis was completed by the observation of bone surface modifications using the
binocular stereomicroscope (OPTHEC 120-Hz model). We have assessed the visibility of the
cortical bone surfaces based on how much surface could be studied: O=none; 1=one third; 2=two
thirds; 3=the whole surface. For the identification of weathering stage we followed to
Behrensmeyer (1978). The study focused on modifications produced during the nutritional phase
(Capaldo, 1998). Damage produced by hominins and carnivores was described according to the
anatomical region and the portion on which they were found. The identified anthropogenic
modifications include cut marks (Binford, 1981; Dominguez-Rodrigo et al., 2009; Potts and
Shipman, 1981; Shipman, 1981; Shipman and Rose, 1983) and percussion marks (Blumenschine
and Selvaggio, 1988; Capaldo and Blumenschine, 1994; Vettese et al., 2020). The type, delineation,
situation, and position of the cut marks per element allowed us to infer butchery activities. For this,
we used ethnoarchaeological sources (Abe, 2005; Binford, 1978), experimental data (Frison, 1974;
Nilssen, 2000) and our experiments on multiple animals. For the study of cremations, colour
changes of the bones were taken into account, following Céceres’ proposal (2002). The six
colouration stages used here are: 0) unburned; 1) small brown or black areas; 2) brown bones; 3)
black bones (charred); 4) grey bones(calcined); 5) white bones (calcined). Finally, carnivore
modifications were identified through the presence of tooth marks, mainly pits and scores
(Blumenschine, 1995; Bunn, 1981; Dominguez-Rodrigo and Barba, 2006; Fisher, 1995; Shipman,
1981), along with furrowing and chipping of the back edges.

For the study of bone retouchers, we used the criteria detailed by Mallye et al. (2012) and Daujeard
et al. (2014). We noted the taxonomic and anatomical information. Marks were classified depending

on their type, location and orientation.

4. Results
4.1. Taxonomic distribution

A total of 11 species were identified (Table 1). The identification rate was high in all the levels,
26.8% in level 5.1, 19.7% in level 5.2 and 31.5% in level 5.3. The three assemblages were
dominated by Rangifer tarandus (5.1=74%; 5.2=61.6%; 5.3=64.8%), followed in importance by
Equus ferus (5.1=10.7%; 5.2=18.6%; 5.3=25.0%), Cervus elaphus (5.1=11.3%; 5.2=11.8%;
5.3=4.3%), and Bison priscus (5.1=2.8%; 5.2=6.5%; 5.3=5.9%). Other taxa represented less than
1% of the total. Sus scrofa remains were identified in levels 5.1 and 5.2, Capreolus capreolus,
Capra ibex, Equus hydruntinus and Oryctolagus cuniculus in level 5.1, and Dama dama in level 5.2

(Table 1). A Canis lupus metacarpal in level 5.2 is the only carnivore bone. The levels show a



uniform distribution of species, as indicated by the Simpson index (Simpson: 5.1=0.574; 5.2=0.433;
5.3=0.4875). Many indeterminate remains could be assigned to a weight category. Medium-sized
animals dominated the three assemblages (40.2%; 41.4%; 35.5%), followed by large-sized remains
(11.6%; 12.3%; 18.4%). This distribution is in keeping with the representation of reindeer, red deer
and horses in the assemblages.

Taxon 5.1 5.2 53

NISP | %NISP | MNE | NISP | %NISP | MNE | NISP | %NISP | MNE
Rangifer tarandus 498 |74.0 116 |172 |61.6 43 298 |64.8 84
Cervus elaphus 75 11.3 27 33 11.8 15 20 |43 10
Dama dama 1 0.4 1
Equus ferus 72 10.7 25 |52 18.6 19 |115 [25.0 |42
Equus hydruntinus 1 0.1 1
Bison priscus 19 2.8 11 18 6.5 9 25 5.9 13
Capreolus capreolus |4 0.6 4
Capra ibex 2 0.3 1
Sus scrofa 1 0.1 1 2 0.7 2
Canis lupus 1 0.4 1
Oryctolagus cuniculus | 2 0.3 2
Total 676 187 |279 90 [458 149
Large size 213 |11.6 140 |12.3 184 |18.4
Medium size 738 [40.2 470 |41.4 355 |35.5
Small size 28 1.5 10 |0.9 12 1.2
Indeterminate 858 |46.7 516 |45.4 449 (449
Total 2,511 1,415 1,458

Table 1 NISP, NSP and MNE of taxa and weight size categories in levels 5.1, 5.2 and 5.3 of Abri du Maras.

4.2. Anatomical distribution, bone assemblage integrity and
bone transport strategy
The distribution of NISP and MNE by taxa and elements is presented in tables S1, S2 and S3 of
Supplementary materials. The anatomical distribution of reindeer in levels 5.1 and 5.2 shows a
predominance of long limb bones, especially by hindlimbs (tibiae, femurs and metatarsals), with
low percentages of cranial elements and even lower proportions of postcranial axial elements and

compact bones (Figure 3). Conversely, reindeer cranial elements are well represented in level 5.3.

The anatomical distribution of red deer was dominated by long limb bones in levels 5.1 and 5.2. In
level 5.1, percentages of tibiae, radii and humerus reached over 50% and in level 5.2 humerus,
tibiae, metacarpals and femurs reached over 50%. In level 5.3, the most represented elements were
skull fragments, scapulae and humerus. The rest of the long limb bones represented 50 of the total
remains. The anatomical distribution of the horse is dominated by cranial elements in all the three

levels. In level 5.1, mandibular remains are prevalent and in levels 5.2 and 5.3, skull remains are



predominant. The representation of post-cranial axial elements is low in all three levels. In level 5.1,
rib fragments were identified and level 5.2 comprised coxal elements. The post-cranial axial
skeleton was best represented in level 5.3, with fragments of hyoid, rib, vertebrae, scapula and coxal
bones. Long limb bones were most represented in level 5.2, with abundant femurs and tibiae and
proportions of humerus and radii exceeding 60% and 50% respectively. In levels 5.1 and 5.3, none
of the long limb bone %MAU proportions exceeded 30%. Bison remains were dominated by long
limb bones, although cranial remains, especially mandible, and coxal remains were presented in the
three levels. In level 5.1, radius and tibia percentages exceed 50%. In level 5.2 the humerus, radius
and tibia are the best represented bones, and in level 5.3 the radius is predominant, followed by the

humerus, cranium and mandible.
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Figure 3 %MAU of the main taxa in levels 5.1, 5.2 and 5.3. Maximum values of MAU: reindeer (5.1=10; 5.2=4.5; 5.3=10); red deer
(5.1=2.5; 5.2=1.5; 5.3=1); horse (5.1=4.5; 5.2=4; 5.3=6); bison (5.1=1; 5.2=2; 5.3=1.5).

The results of statistical correlations between the %MAU and bone mineral density indicated a
highly significant positive correlation for medium-sized animals in the three levels and for large-
sized animals in levels 5.3. No significant correlations were observed for large-sized animals in

levels 5.1 and 5.2 and small animals in the three levels (Table 2).

Level 5.1 5.2 5.3

Weight size | Spearman’s (rs) | p (same) | Spearman’s (rs) | p (same) | Spearman’s (rs) | p (same)
Large size 0.1653 0.10011 | 0.16737 0.096024 | 0.30509 0.002025
Medium size | 0.3834 8.23e-05 | 0.36943 1.55E-04 | 0.48893 2.45E-07
Small size 0.042 0.67802 | 0.17363 0.084048 | 0.001238 0.99025

Table 2 Statistical correlation between %MAU and bone mineral density (Metcalfe and Jones, 1988).

Practically all the specimens in the faunal assemblage were fragmented (5.1=98.2%/; 5.2=98.6%;
5.3=93.4%). At the three levels most of the remains are smaller than 40 mm, the 50% of the NSP in




the level 5.1, the 57% in level 5.2 and the 50% in level 5.3 (Figures S1, S2 and S3). Complete
elements consist of isolated teeth in the three levels (NR: 5.1=21; 5.2=14; 5.3=69), followed by
articular bones (NR: 5.1=8, 5.2=5; 5.3=10) and the phalanx (NR: 5.1=2; 5.2=2; 5.3=3). In level 5.2,
a complete wolf metacarpal was found and in level 5.3, a whole horse atlas and a vestigial
metatarsal were recorded. A total of 83.7% of long bones in level 5.1, the 92.4% in level 5.2 and the
84.5% in level 5.3 comprised less than a third of their total circumference and a quarter of their total
length (Figure 4). Breakage patterns are similar for the three samples. The most common
combination of fracture types are curved, oblique and smooth and longitudinal, oblique and smooth
fractures (Figure 4). These indicate that green bone breakage was predominant. Other combinations
were also well represented, such longitudinal, right and smooth (5.1=16.4%; 5.2=10.1%j;
5.3=13.1%), transversal, mixed and irregular (5.1=10.5%; 5.2=7.3%; 5.3=10%) (Figure 4).
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Figure 4 Fragmentation and fracture analysis of long bones for levels 5.1, 5.2 and 5.3. Frequency of the features of fracture planes in
long bones (right); Frequency of shaft length and shaft circumference (left).



The evenness and the SFUI for reindeer indicated the presence of the moderate- and high-utility
elements in all levels, specially in level 5.1 (Table 3). In level 5.1, horse elements are represented in
proportionate frequencies to their utility. Bison in level 5.2 also show predominant moderate- and
high-utility elements (Table 3). The statistical relation between UMI and %MAU indicates a high
and positive relationship for reindeer in the levels 5.1 and 5.2. No statistical correlations were
observed for the rest of the assemblages (Table 3).

Evenness | SFUI UMI
Levels | Taxa Transport strategies | NISP
%MAU | Spearman's (rs) | P Spearman's (rs) | P
Reindeer | Bulk 498 |0.9287 |0.83834 0.013095 | 0.98561 0.0055556
Red deer | Bulk/Unconstrained | 75 0.9443 | 0.74704 0.040873 | 0.55078 0.2722
> Horse Unbiased 72 | 0.867 -0.45661 0.27619 |-0.010142 0.86667
Bison Bulk/Unconstrained | 19 | 0.9671 | 0.077152 0.89524 | 0.24689 0.6333
Reindeer | Bulk 172 | 0.9193 |0.62606 0.11012 |0.84067 0.04
52 Red deer | Bulk/Unconstrained | 33 0.9513 | 0.43916 0.3 0.058849 0.9222
Horse Bulk/Unconstrained | 52 0.9349 | 0.22755 0.59048 | 0.28989 0.5667
Bison Bulk 18 0.9105 0.23473 0.575 -0.20597 0.7111
Reindeer | Bulk 208 |0.9286 |-0.048196 0.9248 | 0.79446 0.1
53 Red deer | Bulk/Unconstrained | 20 0.9708 | -0.068732 0.86905 |-0.39279 0.6667
Horse Bulk/Unconstrained | 115 | 0.8763 | -0.036827 0.94107 |0.61721 0.2333
Bison Bulk/Unconstrained | 25 | 0.9577 | -0.35044 0.40536 |-0.5161 0.35

Table 3 Values of Evenness of anatomical distribution and statistical correlation between %MAU and standard food utility index
(SFUI) and unsaturated marrow index (UMI).

4.3. Mortality profiles

The estimated MNI for all taxa in level 5.1 was 26 individuals, 16 for level 5.2 and 24 for level 5.3.
for reindeer, the MNI was calculated with the tibia in level 5.1, metatarsals in level 5.2 and teeth in
5.3. For red deer, we used tibia in 5.1 and 5.2 and teeth in 5.3. For the horse, teeth were used in all
levels. Finally, for bison, the radius was used in levels 5.1 and 5.3 and the humerus in level 5.2.
Among the main ungulate taxa, reindeer showed the highest MNI, followed by horse, red deer and
bison (Table 4). The rest of the species comprise one wild boar individual in 5.1 and another in 5.2,
one individual of roe deer, european ass and rabbit in 5.1, and one fallow deer and a wolf in 5.2.

A total of 79 reindeer teeth (5.1=10; 5.2=14; 5.3=55), 96 horse teeth (5.1=32; 5.2=20; 5.3=44), 7
red deer teeth (5.1=4; 5.2=1; 5.3=2) and 10 bison teeth (5.1=4; 5.2=0; 5.3=6) were analysed (Figure
5). The number of analysed teeth found in each level and their integrity (in situ or isolated teeth) are
reported in Table 4. The analysis of eruption and replacement rates and wear stages reveal the age

of 15 individuals in 5.1, six individuals in level 5.2 and for 24 individuals in 5.3 (Table 4). In all



three levels, prime adult individuals were the best represented group, followed by juveniles and old

individuals.

All the to unfused bones remains taxonomically identified were reindeer. In level 5.1 there were one
unfused distal tibia shaft to correspond to a juvenile of one year and one unfused distal radius
correspond to a prime adult individual of at least three years. In level 5.2 were identified an unfused
distal radius which correspond to a three years old reindeer. In level 5.3 were found a distal tibia
shaft and a unfused calcaneum of a young individual of one year and one unfused proximal

metacarpal shaft which belonged to an individual of two years.

Reindeer present a prime-dominated profile in all levels. Based on the ternary distribution of
Discamps and Costamagno (2015), a prime-dominated profile emerges for levels 5.2 and 5.3. In
level 5.1, a juvenile/prime/old profile was observed, with a predominance of prime adult (Figure 6).
For horses, a catastrophic mortality profiles was observed for level 5.3 and a prime-dominated
profile in levels 5.1 and 5.2. Ternary distribution (Discamps and Costamagno, 2015) presents a
juvenile/prime/old profile in all levels (Figure 6). For red deer and bison, prime adult individuals

were identified.

Age Group
Level | Taxa Integrity NR | MNI Indeterminate
Juvenile | Prime Old
. Isolated tooth 6
Reindeer Tooth in bone 7 10 1 2 7
Red deer Isolate_d tooth 1 3 5 1
51 Tooth in bone 3
' Equus Isolated tooth 17 9 2 6 1
4 Tooth in bone 15
. Isolated tooth 0
Bison Tooth in bone 4 ! !
. Isolated tooth 8
Reindeer Tooth in bone 6 5 2 3
Red deer Isolateq tooth 1 2 2
59 Tooth in bone 0
' Equus Isolated tooth 11 4 1 3
4 Tooth in bone 9
. Isolated tooth 0
Bison Tooth in bone 0 2 2
. Isolated tooth 44
Reindeer Tooth in bone 11 13 3 10
Red deer Isolateq tooth 2 1 1
53 Tooth in bone 0
' Equus Isolated tooth 25 8 3 4 1
4 Tooth in bone 19
. Isolated tooth 2
Bison Tooth in bone 4 2 2

Table 4 Number of teeth analysed by species and their integrity (isolated or within dental series), total minimum number of
individuals and minimum number of individuals and age at death in levels 5.1, 5.2 and 5.3.

Based on the analysis of dental eruption and replacement sequences, we assessed the season of
death of young individuals. For reindeer, in level 5.1, one individual died in summer (between 15-
16 months old) and in level 5.3, three young individuals also died in summer (Figure 6). For the



horse, one individual in level 5.1 died at the end of summer/beginning of autumn, in level 5.2 one
individual was killed at the end of spring/beginning of summer and in level 5.3, one individual died

at the end of summer/beginning of autumn (Figure 6).

Tooth microwear analysis on reindeer (levels 5.1 and 5.3) and horse (levels 5.1, 5.2, 5.3) shows low
SD and CV values, indicating low intra-specific variability (Table 5). Such low values usually
correspond to seasonal occupations (Rivals et al. 2015). All the analysed samples plot in area A of
the bivariate graph (Figure 7), indicating that the accumulation of the preys in these three levels
lasted for three months or less. Additionally, there are no significant differences in variability values
among the five samples (Bartlett's K-squared=2.17, df=4, p=0.7015), suggesting that the duration of

assemblage accumulation is very similar in the three levels.

Microwear values for the reindeer are very similar for the two levels where the sample size was
sufficient for microwear analysis, both in terms of pits and scratches. In comparison to microwear
data from extant populations of Rangifer tarandus (from Rivals et al. 2015; Rivals and Semprebon
2017), our result correlate well with a summer and early autumn. These microwear results, based on
adults, support the results from the dental eruption and replacement sequences (based on young
individuals) and confirm that reindeer died in summer. For the horse, no microwear reference data

are available for wild equids to test the dental eruption and replacement results.



Figure 5 a) and b) mandible refits of fo prime adult horses from levels 5.3 (a) and 5.2 (b); c) and d) bison mandibles of a prime adult
from level 5.3; e) reindeer mandible of a prime adult from level 5.3; f) mandible refitting of a reindeer juvenile individual from level
5.1. Scale bar =5 cm.
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Figure 6 Ternary plot with mortality profiles for reindeer and horse from levels 5.1 and 5.2. With Stiner (1990) areas (a), and
Discamp and Costamagno (2015) areas for the horse (b) and reindeer (c); (d) season of death of young individual of reindeer and
horse individuals.



Level Species N NP NS CVv SD
5.1 E. ferus 18 14.0 21.8 0.07 1.56
R. tarandus | 6 12.3 15.8 0.13 1.97
5.2 E. ferus 8 10.6 21.2 0.10 2.17
R. tarandus | 1 - - - -
5.3 E. ferus 14 13.9 21.6 0.09 1.90
R. tarandus | 17 13.5 15.7 0.14 2.24

Table 5 Summarized statistics of the dental microwear results for the horse and reindeer from levels 5.1, 5.2 and 5.3 from Abri du
Maras. Abbreviations: N = Number of specimens; NP = Mean number of pits; NS = Mean number of scratches; CV = Coefficient of
Variation of the NS; SD = Standard Deviation of the NS.
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Eq = Equus ferus
Rt = Rangifer tarandus
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Figure 7 Boundary lines with error probability (heat map) based on SD and CV values of microwear data used for the classification
of samples into short events (region A), long-term events (region B), or two separate short events (region C) and positions of the
horse and reindeer samples from Abri du Maras levels 5.1, 5.2 and 5.3.

4.4. Taphonomic signal
Overall, the visibility of cortical surfaces on the remains from levels 5.1, 5.2 and 5.3 is good. In
level 5.1, more than half of the assemblage (67%) shows good cortical preservation. In level 5.2, the
44% indicate good preservation and for 41% two-thirds of the cortical surface were analysable. In
level 5.3, the preservation of cortical surfaces was poorer than in the upper levels; 22.6% of remains
show good preservation, for 41.1%, had two-thirds of cortical surfaces were analysable, for 31%,
only one-third of the surface was analysable and 5.2% had none analysable cortical surfaces.

4.4.1. Post-depositional modifications
Root marks were the most widespread post-depositional alterations. In level 5.1, 28% of the

remains are affected, 31.7% in level 5.2 and 52.9% in level 5.3 (Table 6). Sub-aerial weathering
stage 1 were present in the 8% of the remains of level 5.1, the 4.4% of level 5.2 and the 9.2% of

level 5.3. Open-air modifications were higher in level 5.1, which could be related with the external



area of the rock shelter. Black manganese oxide stains were common on bone surfaces, particularly
in level 5.3 (22.4%). On the contrary, orange iron oxide precipitation marks were detected with a
low rate of distribution (5.1=3.8%; 5.2=0.4%; 5.3=2.8%) (Table 5).

NR/%NR 51 5.2 5.3
Weathering 200 |8.0% 62 4.4% 134 19.2%
Roots 702 | 28% 448 |31.7% |772 |52.9%
Manganese oxide 306 |12.2% |214 |15.1% |327 |22.4%
Iron oxide 9% [38% |6 0.4% |41 |2.8%
Total NR 2511 1415 1458

Table 6 Main post-depositional modifications.

4.4.2. Anthropogenic modifications
Anthropogenic modifications are the most common marks resulting from the food processing phase.

In level 5.1, 8.3% of the remains bear cut marks, 8.3% of the remains present percussion marks and
32.8% show traces of burning. In level 5.2, 5.2% of bones bear cut marks, 4.1% of the remains
present percussion marks and the 28.3% show traces of burning. In level 5.3, the 3.7% of the
remains bear cut marks, 4.3% of the remains present percussion marks and the 8.6% show traces of
cremations. In addition, we identified 30 remains used as retouchers. Carnivore modifications are
extremely scarce and only affect 0.6% of the bones in level 5.1, 0.2% in level 5.2 and 0.8% in level
5.3.

The distribution, orientation and types of cut marks provide evidence of the different butchering
activities. The most common types of cut marks were slicing, indicating defleshing, followed by
skinning, disarticulation and periosteum removal (Table 7). Almost all the cut marks correspond to
slicing marks (Figure 8). In addition, scraping marks (5.1=3.7%; 5.2=1.4%; 5.3=1.6%) and
chopping marks (5.3=0.4%) were identified. The taxon with the most cut-marked remains is the
reindeer (5.1=18.3%; 5.2=11%; 5.3=6.7%), followed by red deer (5.1=57.6%; 5.2=21.2%;
5.3=15%), horse (5.1=11%); 5.2=9.6%; 5.3=2.6%) and bison (5.1=31.6%; 5.2=33.3%; 5.3=14.8%).
The comparison of the number of cut-marked remains with the total of NISP indicates that bison

and red deer are the species with the highest percentages (Table 6).

Most of the remains with cut marks were long bones (92% in level 5.1, 88% in level 5.2 and 73% in
level 5.3), followed by flat bones (7% in level 5.1, 12% in level 5.2 and 25% in level 5.3). A total of
1% and 2% of unidentified bones presented cut marks in levels 5.1 and 5.3 respectively. None of
the compact bones bear cut marks. In level 5.1, 29% of upper limb bones, 22.3% of intermedia limb
bones and 12% of lower limb bones, bear cut marks. In level 5.2, 26.5% of upper limb bones,

13.6% of the intermedia limb bones and the 8.8% of lower limb bones, present cut marks. Finally,



in level 5.3, 7.8% of upper limb bones, 10% of the intermedia limb bones and the 8.2% of lower
limb bones, bear cut marks. The total percentage of long bones shaft fragments with cut marks is
not high in any of the assemblages (9.3% in the level 5.1, 5.1% in level 5.2 and a 3.9% in level 5.3).
The percentage of cut marks on epiphyses is higher (12% in level 5.1, 9% in level 5.2 and 11.1% in
level 5.3).

Level 5.1 5.2 53

Element Reindeer s::r Horse | Bison Is‘i‘;g%e- gillzeeddium- Reindeer ?::r Horse | Bison Is‘i‘;;%e_ Q:Izeerzium- Reindeer (?::r Horse | Bison Is_i;%& L\flzee(yum»
Skull 1/6

% 16.67

Mandible 1/6 1/10 1/6 1/2 2/9 3/21 2/15

% 16.7 10 16.7 50 22.2 14.3 13.3

Hyoid 171

% 100

Vertebrae mn 12

% 100 50

Rib 1/11 3/5 17 3/46 1/2 2/19 3/12 2/30
% 9 60 14.2 6.52 50 10.5 25 6.7
Scapula 1/4 1/5

% 25 20

Proximal limb 29/103 4/14 1/6 212 3/5 1/5 6/34 2/9 4/11 4/6 1/4 1/4 2/46 217 2/5

% 28.1 28.5 16.7 100 60 20 17.6 22.2 | 36.4 66.7 25 25 4.3 28.6 40

I'_”i‘nequEdia 43207 | 1132 |31 |31 |22 | w1 6/52 3/10 17 9/92 117 | 2115 1/2
% 20.7 343 27.2 27.2 16.7 9 115 30 14.29 9.8 59 133 50
Distal limb 16/144 4/23 1/4 2/20 5/60 2/10 | 1/3 5/57 1/4 1/5
% 111 17.4 25 10 8.3 20 333 8.8 25 20
Long bones 17/141 | 52/542 8/94 19/364 6/100 9/251
% 12 9.5 8.5 5.2 6 3.6
Flat bones 3/24 1712 1/22

% 125 8.3 45

Total 91/490 19/74 | 8/39 6/19 19/162 7/32 | 5127 6/17 20/246 3/16 | 3/78 4/17

% 185 25.6 20.5 31.6 11.7 22 185 35.2 8.1 18.7 | 38 235

Table 7 Number of remains with cut marks, total number and percentage of remains with cut marks by the anatomical element, taxon
and weight size category (total number of remains for each taxa excluded the isolated teeth).

The long bones with cut marks show that the butchering processes in level 5.1 were mainly related
to flesh removal (78%), skinning (16%), periosteum removal (2%) and disarticulation (1%). For
level 5.2, 70.3% of the cut marks on long bones indicate defleshing, 21% skinning, the 5%
disarticulation and 2.7% periosteum removal. Finally, in level 5.3, 74% of the cut marks on long

bones were related to defleshing, 16% to skinning and 10% to disarticulation.



Figure 8 a) fragment of reindeer humerus with cut marks; c) horse hyoid fragment with cut marks; b) reindeer femur fragment with
cut marks; d) fragment of reindeer humerus with percussion marks; e) reindeer metatarsal with percussion marks; f) rib fragment of a
large-sized animal with carnivore tooth marks; g) rib fragment of medium-sized animals with carnivore furrowing marks. Scale bar =
5cm.

A total of 195 remains from level 5.1, 59 remains from 5.2 and 71 from level 5.3 show percussion
marks. These were located mainly over long bones (NR: 5.1=194; 5.2=47; 5.3=58) (Figure 8). The

remains of medium-sized animals present a higher number of percussion marks than large-sized



animals. In medium-sized animals, the distribution of percussion marks on long limb bones is more

variable in terms of their position on the bone, although there they are more common at mid-shaft.

On the large-sized remains, percussion marks are mainly observed on the midshaft portion, except

on a radius and tibia from level 5.1 and femurs from levels 5.2 and 5.3.

Medium-sized

Large-sized

51

5.2

53

5.1

5.2

53

Element Face Portion | Portion | Portion | Portion | Portion | Portion | Portion | Portion | Portion | Portion | Portion | Portion Portion 2 Portion | Portion | Portion | Portion Portion
2 3 4 2 3 4 2 3 4 2 3 4 3 4 2 3
Anterior 2 5 1 1 1
Medial 3 1 1 2 1
Humerus
Posterior 2 1 2 1 1 3 1
Lateral 2 1 2 1 3
Anterior 1 1 1 1 3 1 1
Medial 5 1 2
Radius
Posterior 4 1 1 1
Lateral 2 1 1
Anterior 1 6 1 1 2 1 1
Medial 2 1 1 1
Femur
Posterior 5 1 1 1 3 1 1
Lateral 2 1 2 1 2 1
Anterior 5 4 1 1 1 1 1
Medial 3 1 1 1 2 1 1
Tibia
Posterior 7 3 2 1 1 3 1 1
Lateral 2 6 1 2 1 1 1
Anterior 2 7 1 1 1
Medial 4 1 2 1
Metapodials
Posterior 4 2 1
Lateral 8 1 2 1

Table 8 Number of remains with percussion marks for medium-sized and large-sized animals per long bone element, showing the
distribution of impact points on the bone face and portion.

Traces of burning were more abundant in levels 5.1 and 5.2. In level 5.3, they were scarce

compared with the overlying levels. Fire damage affects 32.8% of the remains from level 5.1,
28.3% from level 5.2 and 8.6% from level 5.3. All the degrees of burning have been identified

(Table 9). In levels 5.1 and 5.2, degree 1 is the most common and the calcinated remains are the

least represented. In level 5.3, charred bones (degree 3) are the most frequent. (Table 9). Single-

coloured thermal alterations are prevalent in all levels, whereas double or multiple colourations are

relatively rare. In level 5.1, single-coloured alterations account for 87% and in level 5.2, 90.1% of

the burnt bone sample. Only single-coloured alterations were observed in level 5.3.

Levels

Burned stages

Unburned‘l ‘2 ‘3 ‘4 ‘5




NSP |1685 684 [339 |54 |183|3
> %NSP | 57.2 232|115|18 |62 |0.1
NSP |1015 250 [132 |206 |12 |1
>2 %NSP | 62.8 155(8.2 |12.7]0.7 |01
NSP |1333 43 |7 |60 |16 |1
>3 %NSP | 91.3 29 |05 |41 1101

Table 9 Number of remains for each degree of burning per level. Remains with more than one code were indicated in each of the
corresponding codes. Double colourations were included in each single code of burning.

4.4.3. Carnivore modifications
A total of 16 remains from level 5.1 show carnivore modifications, three remains from level 5.2 and

12 from level 5.3. The surface modifications from level 5.1 are pits and punctures (NR=11), scores
(NR=5), furrowing (NR=3), crenulated edges (NR=3) and five remains with cusps on the fractured
edge (Figure 8). In level 5.2, punctures (NR=2) and tooth notches were identified on fractured
(NR=2). In level 5.3, punctures (NR=6), scores (NR=5), and furrowing (NR=6: strong=5;
moderate=1) were observed. The frequency of remains with carnivore modification by weight
category shows that medium-sized animals was the most affected (NR: 5.1=11; 5.2=3; 5.3=8),
followed by large animals (NR: 5.1=4; 5.3=4). Distribution by bone category indicates that tooth
marks show similar distributions on long bones (NR=9) and flat bones (NR=8) in level 5.1, a higher
proportion of flat bones in level 5.2 (NR: long=1; flat=2) and a higher proportion of long bones in
level 5.3 (NR: long=9; flat=3). In level 5.1, 6% of the epiphyses bear tooth marks, none in level 5.2,
and 8.3% in level 5.3. The percentage of near epiphyses affected by carnivore activity was smaller;
0.7% bear tooth marks in level 5.1 and 5.3 and none in level 5.2. Pit measurements were treated
statistically for all the shaft fragments from level 5 combined due to the scarcity of measurable
modifications in general. The size of the modifications suggests the action of at least one large
carnivore (Andrés et al., 2012; Selvaggio and Wilder, 2001) (Figure 9). However, considering the
average dimensions of the pit and puncture marks, and their 95% confidence interval, the small size

of the sample did not yield a statistically significant result.
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Figure 9 Mean percentages and one standard deviation of tooth pit sizes on dense cortical in function of bone according to their width

and length. Data for sampled/specimens marked: Se from Selvaggio (1994); A from Andrés et al. (2012); De from Dominguez-
Rodrigo and Piqueras (2003); S from Saladié et al. (2013). Measures in millimetres (mm).

One remains from level 5.3 presented human and carnivore modification, but with no overlap
between them. This was a fragment of a reindeer ulna, with slicing marks on the caudal edge of the
olecranon in the midshaft and on the posterior face, which also presents furrowing on the head of
the ulna.

4.5. Bone retouchers
We identified a total of 30 bone retouchers in level 5 (Figure 10); 18 in level 5.1, 10 in level 5.2 and
2 in level 5.3 (Table 10). In level 5.1, tibia fragments were the most widely used anatomical
elements for retouchers with two reindeer remains and one each for bison, horse and red deer. These
were followed by two fragments of reindeer femurs and one fragment of a bison humerus. A total of
eight unidentified long bone fragments were used as retouchers, six of which belong to large-sized
mammals and two to medium-sized animals. In level 5.2, the most commonly used anatomical
element was the tibia, with a red deer fragment and a bison fragment. In addition, we identified a
horse radius fragment, a reindeer femur, a reindeer metatarsal and a fragment of a large-sized
mandible. A total of four unidentified long bone fragments were used as retouchers, three from
large animals and one from a medium-sized animal. In level 5.3, only two long bone remains from
large animals were used as retouchers. These results indicate that large and medium-sized
specimens were used as retouchers in equivalent proportions (NR: 9/9) in level 5.1. Meanwhile, in
level 5.2, large-sized remains were more widely used as retouchers than medium-sized remains
(NR: 8/3), and in level 5.3, only large-sized remains were used. In general, more long bone
fragments were used than flat bones (NR: 5.1=18/0; 5.2=11/1; 5.3=2/0).

Bone retouchers Type of marks Depth of the marks
Location of blank Position on width

Level

Element ‘ Taxa ‘ NR | Pits

Scores ‘ Areas 11 ‘ 12 ‘ 13




Humerus Bison 2 Triangular | Rectilinear Hatched area 1 Apical lateral
Femur Reindeer 2 Triangular | Rectilinear Hatched area 1 2 Apical Lateral/centred
Tibiae Bison 1 Triangular | Rectilinear/rough | Scaled/pitted area 1 1 External/centred Lateral/centred
Red deer 2 Triangular | Rectilinear Hatched area 1 1 Apical/centred centred
5.1 Horse 1 Triangular | Rectilinear 1 Covering/centred Apical/basal
Reindeer 2 Triangular | Rectilinear Hatched/ pitted area 1 1 centred Apical/basal
Metatarsal Red deer 1 Triangular | Rectilinear Hatched area 1 centred Apical
Long bone Large size 6 Triangular | Rectilinear/smooth | Hatched/ pitted/scaled area | 6 5 Apical/centred/lateral | Apical/basal
Medium size | 3 Triangular | Rectilinear Hatched area 2 2 centred Apical/basal
Mandible Large size 1 Triangular | Rectilinear Hatched area 1 centred centred
Radius-Ulnae | Horse 1 Triangular | Rectilinear Hatched area 1 Apical centred
Femur Reindeer 1 Triangular | Rectilinear Hatched area 1 2 Apical Lateral
52 Tibiae Bison 1 Triangular | Rectilinear Hatched area 1 centred Apical
Red deer 1 Triangular | Rectilinear Hatched area 1 Apical centred
Metatarsal Reindeer 1 Triangular | Rectilinear Hatched area 1 centred centred
Long bone Large size 3 Triangular | Rectilinear/smooth | Hatched/scaled area 5 4 Apical/centred Apical/basal
Medium size | 1 Triangular | Rectilinear Hatched area 2 2 Centred Apical
53 Long bone Large size 2 Triangular | Rectilinear/smooth | Hatched/pitted area 1 1 Apical/centred Apical/basal

Table 10 Number of retouchers and description of used areas and types of modification by anatomical elements and taxon in the three
levels.

Figure 10 Retoucher from level 5 of Abri du Maras: a) Bison humerus; b) Horse tibia; ¢) Bison tibia; d) Horse femur; e) Red deer
tibia. Scale bar =5 cm.

5. Discussion
In the Abri du Maras sequence, the study of the well-preserved material provides evidence of
Neanderthal subsistence in south-eastern of France from the MIS 5 to the end of the MIS 3. The
taxonomic diversity of the levels studied here 5.1, 5.2 and 5.3, is similar, between them as indicated



by the values of Evenness and the Simpson index. The animal spectrum is centred on medium- and
large-sized ungulates, a pattern commonly observed in Eurasian Neanderthal assemblages (Adler et
al., 2006; Adler and Bar-Oz, 2009; Costamagno et al., 2006; Daujeard and Moncel, 2010; Farizy et
al., 1994; Gaudzinski and Roebroeks, 2000; Jaubert and Brugal, 1990; Marin et al., 2017a; Moncel
et al., 2004; Patou-Mathis, 2000; Real et al., 2018; Stiner, 1994; Yravedra and Cobo-Sanchez,
2015). In the three levels, large-sized animals were represented exclusively by horse and bison. The
giant deer observed in level 4 was not identified in level 5 (Daujeard et al., 2019; Vettese et al.,
2017).

The presence of reindeer, horse and bison indicate an open landscape. Taxa typical of forested
areas, such as wild boar and roe deer, suggest the exploitation of several biotopes in levels 5.1 and
5.2. The Abri du Maras is located on an ecotone, which enabled the exploitation of the gorge of
Ardéche River, the plateaus around the site and the alluvial plains of the Rhéne Valley. In addition,
this position provided accesses to the plateaus of the farther Massif Central, which was conducive to
the exploitation of multiple environments by Neanderthals. In level 4.1 of Abri du Maras, the
isotopic results and tooth wear indicated different exploitation areas for red deer and giant deer
(forested), on one hand, and horse and reindeer (open lands), on the other (Daujeard et al., 2019).
Similar results were shown at the site of Payre (MIS 7-6), further north on the same side of the
Rhone valley, where horses were exploited in the valley and deer in the highlands (Ecker et al.,
2013; Moncel et al., 2019). However, this assumption should be treated with caution on account of
the ecological plasticity of ungulates, which can potentially live in diverse ecosystems and climatic
conditions (Discamps et al., 2011).

In order to determine whether an assemblages as results from primary hominin accesses to animal
carcasses, Dominguez-Rodrigo (1997) indicated that long bones with cut marks made by flesh
removal should account for between 30% and 60% of the assemblage. The percentage of cut marks
should be higher for proximal appendicular elements than for intermediate elements, which should
in turn be higher than for distal elements. In central areas of long bones shafts, the percentage of cut
marks should reach more than 43% (Dominguez-Rodrigo, 1997). In the levels 5.1, 5.2 and 5.3 of
the Abri du Maras, most of the cut marks were identified on the long bones. Upper limb bones show
a higher percentage of cut marks in levels 5.1 and 5.2 than intermedia limb bones and especially
than lower limb bones. In level 5.3, the percentage of cut marks is higher for intermedia and lower
limb bones than for upper limbs. More than 70% of long bones with cut marks in the central
diaphysis and were related to defleshing. All these data indicate primary accesses to animal
carcasses by hominins (Capaldo, 1998, p. 199; Dominguez-Rodrigo et al., 2007; Lupo and



O’Connell, 2002; Selvaggio, 1998). The presence of a single carnivore remains, combined with the
prevalence of anthropogenic modifications and the scarcity of modifications produced by carnivores
and others taphonomic processes, such as hydric flows, show that these three assemblages result
from Neanderthal activity. Carnivore activity is limited to scavenging of remains abandoned by

humans.

Skeletal profiles in levels 5.1, 5.2 and 5.3 of the Abri du Maras indicated a predominance of long
bones over the axial skeleton. The exception was the abundance of cranial remains for reindeer in
level 5.3 and for horse in all three levels. These were related to the abundance of mandible and
maxilla remains and isolated teeth. Postcranial axial skeleton remains, and compact bones were
scarce for all taxa. The comparison of the results of the analysis of bone portions representation
with their mineral density suggests differential attrition of the least dense elements. However, the
presence of some fragments of postcranial axial skeletons are present for all large-sized and
medium-sized taxa, indicating that the trunk was transported some distance from the kill/butchering
site. Primary accesses is characterized by the predominance of high-ranked elements with more
flesh on them, which is why they were more often transported to the residential site (Binford, 1981,
1978; Bunn and Ezzo, 1993; Dominguez-Rodrigo and Pickering, 2003; Isaac, 1983; Monahan,
1998; O’Connell et al., 1992).

The analysis of transport strategies for reindeer indicated a bulk strategy in all three levels. The bulk
strategy is common among present-day hunters-gatherers when demand for meat is high and they
need to transport as much mass as possible to the camp (Binford, 1978; Schoville and Otéarola-
Castillo, 2014). The transport of reindeer carcasses privileged high-value elements in all levels, but
heads were more often transported to level 5.3 than to the upper levels of the assemblage. Daujeard
et al. (2019) indicated that a deficiency in the presence of isolated teeth and antler in level 4.1 could
indicate that the heads were abandoned on the kill site. Often, the lack of skull bones is indicative of
increased transport distances (Reynard and Henshilwood, 2017; Schoville and Otarola-Castillo,
2014). Therefore, the abundance of teeth and antler for reindeer and teeth for horse could indicate
the opposite scenario, with shorter transport distances. This is all the more likely considering that all

the assemblages were affected by differential destruction in the same way.

Anatomical horse profiles were dominated by skull remains in the three levels. However, the
statistical analysis indicated an unbiased strategy for horses in level 5.1 and did not give clear
results for levels 5.2 and 5.3, indicating a possible unconstrained or bulk strategy, probably related

to a statistical error Type Il (Faith and Gordon, 2007). Similar high proportions of horse skulls were



observed in the Aurignacian site of VVogelherd (Niven, 2007). At the latter site, a possible different
distance from the kill site (short distance), combined with the major economic utility of heads, may
have favoured the transport of horse skulls to the site (Niven, 2007). Hadza groups transport
complete zebra carcasses to central places more often than any of the other taxa (Lupo, 2006;
Monahan, 1998). Ethnoarchaeological studies indicate that horses skulls were highly valued by
hunter-gatherers, for their high quantity of tissues (O’Connell et al., 1988) and because the horse
skull was less vulnerable to fat depletion compared to other parts (Levine, 1998; Lupo, 1998; Stiner,
1994). Consequently, the abundance of horse and reindeer heads in level 5.3 could be related to
shorter transport distances. However, we must also bear in mind that the transport of heads could
possibly represent the cooperative transport of animal carcasses, as demonstrated for other
archaeological sites (Marin et al., 2017b; Rodriguez-Hidalgo et al., 2015; Saladié et al., 2011;
Stiner, 2013) and by ethnographical studies (Lupo, 2001; Monahan, 1998).

The statistical analysis of the transport of red deer was not resolutive in any of the levels.
Anatomical distribution was similar to reindeer distribution, dominated by long limb bones in levels
5.1 and 5.2, and dominated by cranial elements in level 5.3. For bison, the statistical analysis
indicated a bulk strategy for level 5.2, but not for levels 5.1 and 5.3. Anatomical distribution was
diversified, although long limb bones were abundant in three levels. Therefore, the small
assemblage of red deer and bison did not identify a transport strategy in levels, but the anatomical

profiles indicated that most of the skeleton parts were transported to the rock shelter at some stage.

Therefore, in the three levels, there is a tendency to transport the elements trying to optimize their
economic values. This is particularly true for reindeer in levels 5.1 and 5.2, where the correlation of
skeletal profiles and UMI identify a possible preference in the transport of bones in relation to their
marrow and mono-unsaturated grease content. Otherwise, for reindeer from level 5.3 and horses,
the transport of more complete carcasses may indicate a possible shorter distance to the kill site. In
general, hunter-gatherers try the quantity of carcass products discarded at the Kill/butchering site

and maximize the quantity transported to a central a site (Lupo, 2006).

The identification of primary access, the immediate and recurrent access to large ungulate carcasses
has been interpreted as the result of cooperative hunting (Monahan, 1998; Rodriguez-Hidalgo et al.,
2015; Saladié et al., 2011, Stiner, 2013; Stiner et al., 2009). Tactical hunts require cooperation
between individuals for killing the animals and for storing and transporting the meat (Marean and
Assefa, 1999; Monahan, 1998; Saladié et al., 2011; Stiner, 2013). Ju/’hoansi groups increase their

chances in ambush hunting events by using cooperative methods (Hitchcock et al., 2019; Lee,



2012). Hayden (1981) related an increase in cooperation during hunting and meat-sharing in
relation with the importance of this resource for the group. Considering the size of some of the
preys captured in levels 5.1, 5.2 and 5.3, such as horse or bison, cooperative hunting was likely, as
was the cooperative transport of animal carcasses. Monahan (1998) observed that when the Hadza
capture a zebra-sized prey, they transport all or almost all of the animal carcass because they can
organize large carrying parties. When they capture an animal, they can spend unlimited time at the
kill/butchering site, and one of the hunters can stay with the carcass until additional carriers can be
located to help with transport, which can require groups of 12 or more adults. In levels 5,
cooperative hunting and cooperative transport strategies, which privileged the transport of elements
with high nutritional values, could explain the widespread transport of heads, especially in level 5.3.

The use of certain complementary species in subsistence strategies has been proposed for sites with
one predominant taxon, such as the Middle Palaeolithic sites of Jonzac, Les Pradelles, Pech de
I’Aze IV and in level 4.1 of Abri du Maras (Costamagno et al., 2006; Daujeard et al., 2019; Niven,
2013; Niven et al., 2012). In the latter assemblage, hunting was centred on reindeer and the capture
of horse and bison were secondary (Daujeard et al., 2019). This scenario could be maintained in
levels 5.1, 5.2 and 5.3, if we consider the NISP, but differs in respect to the MNI, which is higher
for horse and bison than in level 4.1. Similar percentages have been observed in levels Ja and P of
Abric Romani (Marin et al., 2019; Rosell et al., 2012), where red deer reached 50.7% of the NISP in
Ja, 63% in Pa and 60% in Pb, as opposed to 35.8% of the NISP for horse in Ja, 22.6% in Pa and
32.2% in Pb, where subsistence is mainly related to the exploitation of these two species.

The results of mortality profile construction indicate a preference for the capture of prime adult
individuals for all species, for the three levels. The mortality profiles of reindeer are dominated by
prime adults, prime-dominated for horses in levels 5.1 and 5.2 and catastrophic in 5.3. Finally,
although red deer and bison individuals are rare, all the animals for which age could be identified
were prime adults. Stiner (1990) defines humans as ambush predators with a tendency to
systematically capture prime adult individuals. Besides, prime-dominated profiles have been
proposed in different ethnoarchaeological and archaeological studies as a result of primary accesses,
(Binford, 1978; Bunn and Gurtov, 2014; Bunn and Pickering, 2010a, 2010b; Frison, 1984;
Gaudzinski and Roebroeks, 2000; Patou-Mathis, 2000; Stiner, 1990, 2013). Stiner and Kuhn (2006)
propose that humans are the only predators who frequently targets the reproductive core of animal
populations, this is prime adults. Speth (2019) linked the preference for prime adults, with the
highest overall fat levels, to a high dependence on these resource for the calorific supply of

Neanderthals groups. Bunn and Gurtov (2014) specify that high rates of prime adults as a result of



non-selective ambush hunting result in assemblages with more than 70% of prime adult individuals
because prime adult animals predominate in the ecosystem. The mortality profiles identified in this
work are dominated by prime adults, with 78.5% in level 5.1, 83.3% in level 5.2 and a 71% in level
5.3. These are over the 70% limit defined by Bunn and Gurtov (2014).

According to the zones developed by Discamps and Costamagno (2015), the reindeer profiles in
levels 5.2 and 5.3 indicate prime adults and reindeer in level 5.1 and horse in all levels into the JPO
zone, related to L-shaped profiles. However, the JPO zone could not be systematically linked to
non-selective hunting, as a result of the variation of the curve of the living-structure profile related
to environmental changes or the response to predation pressure (Discamps and Costamagno, 2015).
The seasonal data for reindeer suggests a specific capture window during summer for levels 5.1 and
5.3. Unfortunately, there were no data for young reindeer individuals in level 5.2. Data for horse
indicated the use of the site during summer in the three levels, although levels 5.1 and 5.3 also point
to site use during part of the autumn and level 5.2 for part of spring (Figure 5). Therefore, animals
were mainly killed in summer, at a period when ungulate populations comprise a high proportion of
juvenile individuals. Levine (1983) indicated that the active hunting of bachelor groups of male
horses generated profiles with a higher proportion of prime adults. Although prime adults
predominate for the horse in the Abri du Maras, young individuals were also present in the
assemblages, especially for in level 5.3, which indicates that groups of females with their foals were
also exploited. For reindeer, the predominance of prime adults is even higher than for the horse and
they were killed during the same season. Therefore, if hunting was non-selective, we could expect a
higher percentage of juvenile reindeer individuals, especially if we consider Damuth’s rule which
proposes that population densities are inversely related to body size in animal communities (Morin
and Ready, 2013). Therefore, these could be related to ambush hunting preferentially killing prime
adults. As for the question of whether the prime-dominated profile was the result of selective
hunting or simply a statistic issue related to the abundance of prime animals, we opt for a selective
tendency, especially in the case of reindeer. For the FLK Zinj assemblage, Bunn and Pickering
(2010a) suggest that ambush hunting by projectiles generated a prime-dominated profile. The
presence of the projectile technology was clearly identified in the European archaeological record
after the discovery of wooden spears at the Middle Pleistocene sites of Schoningen (Schoch et al.,
2015; Thieme, 1997) and Clacton-on-Sea (Allington-Jones, 2015; Oakley et al., 1977). This
indicates that the spears productions existed in the Neanderthals lineage. This technology was
previously identified at Abri du Maras by Hardy et al. (2013) through the study of projectile point

fractures.



A lot of research defines campsites as places where groups generally organized in domestic units
live and develop most of their activities (Bartram, 1993; Binford, 1980, 1978; Gamble and
Boismier, 1991; Jones, 1983; Kelly, 2013; Kent, 1987; Kroll and Price, 1991; O’Connell et al.,
1992, 1988; Yellen, 1977). Isaac’s proposals (Isaac, 1978) regarding campsites and livings floors
for Pleistocene Hominins are useful for describing Neanderthals sites if we consider the social-
related aspect. These include the capture of large quantities of meat, for delayed consumption, and
transport to a different place, probably at some distance from the kill/butchering site, undoubtedly
related to food-sharing events. The occupation of Abri du Maras during the formation of levels 5.1,
5.2 and 5.3 could correspond to the typical features of a residential camp where high quantities of
food were transported and processed in situ, during cooperative events. For residential camp,
numerous works indicated that intense knapping activities should be expected, generating higher
quantities of cores exploitation remains (cortical elements, flakes and core trimming elements)
together with less retouched tools (Clark and Barton, 2017; Crater Gershtein et al., 2020; Kuhn,
2013; Vaquero and Romagnoli, 2018). This feature could explain the higher ratio of flake tools and
of some Quina scrapers and bifacial scrapers in level 5 of Abri du Maras, made on thin flint slabs
collected on the southern plateau. However, we have to consider for the level 5 of the Abri du
Maras that the lesser use of the Levallois core technology compared to the above levels 4.1 and 4.2
could explain the higher ratio of flake-tools. In most of European sites and in the surrounding area,
the Levallois core technology does not ask to deeply modify the end-products to be efficient
(Daujeard and Moncel, 2010; Moncel et al., 2014). Availability of raw materials does not seem to

be the reason for explaining a higher intensity of use of the flint resources.

As shown above, levels 5.1, 5.2 and 5.3 were the result of the Neanderthal activity. In the upper
levels of Abri du Maras (level 4.1 and 4.2), the accumulations were also described as resulting from
Neanderthal activity, with inexistent carnivore activity was inexistent (Daujeard et al., 2019;
Vettese et al., 2017). These features have also been identified in other Middle Palaeolithic sites used
as residential camps (Céceres et al., 2012; Castel et al., 2017; Chacon et al., 2010; Gabucio et al.,
2014b; Niven, 2013; Real et al., 2018; Yeshurun et al., 2007), where similar accumulations were
observed, such as Saint Marcel, where the 40% of the remains show anthropogenic modifications,
or in Baume des Peyrards where 18.2% of all remains were modified by hominins. In addition,
carnivore modifications were particularly rare in these sites (NR%: Saint Marcel=4%; Baume des
Peyrards=0.8%).

The high degree of burning has been related to high intensity or repeated occupations, whereas low

levels of fire damage indicate low intensity occupations (Castel et al., 2017; Costamagno et al.,



2006; Gabucio et al., 2014b; Marin-Arroyo, 2013; Niven et al., 2012). At Wanderer’s Cave
(Australia), analysis of the burning signal indicated that the majority of the faunal specimens were
unintentionally burned (Asmussen, 2009), and that more intensive human occupation led to
increased frequencies of thermal modification events. Conversely, short occupation events have
been related to less evidence of human occupation or cooking opportunities (Asmussen, 2009).
Levels 5.1 and 5.2 comprise a high percentage of burned remains, whereas level 5.3 presents low
rates of burning. These could be related to low-intensity occupation in levels 5.3, which could
indicate differences between the level 5 occupations, although the taxonomic composition and
anthropogenic activities seem to indicate the contrary. We also have to keep in mind that the
topographical aspect of the shelter differed over time during the infilling of level 5. The deposit
indicates that the shelter was large and possibly extended over two sides of the small valley. Over
time, the roof collapsed, and the shelter is now only visible on the right side of the valley. We can
infer from quantity of blocks in the level 5 deposit that the shelter roof also slowly decreased in size
before the big collapse between levels 4 and 5.

Long-term occupations usually comprise diversified provisioning strategies over one or several
seasons (Audouze, 2010; Bicho and Cascalheira, 2020), whereas short-term occupations show
restricted provisioning strategies and multi-seasonal occupations (Costamagno et al., 2006;
Martinez-Moreno et al., 2004; Niven et al., 2012; Vallverdu et al., 2005; Villaverde et al., 2017).
However, this assumption should be considered carefully, as in some archaeological sites related to
short-term occupation events, only one occupation season is observed, such as the French sites of
Abri du Maras level 4.1 (Daujeard et al., 2019), les Pradelles (Costamagno et al., 2006), Grotte du
Bison (Bouchard, 2016) or Pech de I’Azé TV level 4 (Niven, 2013), or the Spanish sites of Abrigo
de la Quebrada (Real et al., 2019). In levels 5.1, 5.2 and 5.3, the site was especially occupied in
summer for reindeer, although the horse showed certain variability, including autumn kills in levels
5.1 and 5.3 and spring slaughter in 5.2, and therefore could indicate long-term (seasonal) occupation
events. It is important to highlight that young individuals (from dental eruption and replacement

patterns) and adults (from tooth microwear) display evidence of the same seasonal dynamic.

Finally, the percentage of retouchers is higher at sites used as residential camps (Daujeard and
Moncel, 2010). In level 5.1, the percentage of bone retouchers was 2.6% and for level 5.2, 1.6%. In
level 5.3, only two retouchers were found. These proportions are similar to those recorded at other
MIS 5 sites in region used as long-term campsites, such as of Baume des Peyrards (2%) or Saint
Marcel (3%). On the other hand, sites from MIS 4 comprise lower percentages of retouchers, such



as level 4.1 of Abri du Maras (<1%), Barasses (1%) or Grotte du Figuier (1%) (Daujeard and

Moncel, 2010).

Ethnoarchaeological studies indicate that the choice of hunting places was generally linked to

contexts where prey behaviour could be predicted, such as migration routes, near streams, lakes,

springs or ridges, among others (Binford, 1978; Hitchcock et al., 2019). Despite the differences

between levels 4.1 and levels 5 of Abri du Maras (Table 11), the repeated use of the site as a

campsite indicates the importance of the rock shelter for Neanderthal subsistence strategies. This

repeated use may be due to the position of the site which offered refuge and easy accesses to
different types of habitats (Daujeard and Moncel, 2010; Moncel and Daujeard, 2012). The results

from levels 5.1, 5.2 and 5.3 classify the Abri du Maras level 5 occupation as a residential camp used

repeatedly for a complete season, especially in summer, for the exploitation of large ungulates,

namely cervids, horse and bison.

representation

Reindeer: 88%

Reindeer: 74%

Reindeer: 61.6%

Level 4.1 Level 5.1 ‘ Level 5.2 l Level 5.3
Chronology 4043 and 46+3 ka (DO12; 72+43; 87+5; 89+4 and 91+4 ka (MIS 5)

MIS3)
Identification rate | 12% 26.8% 19.7% 31.5%
Differential High positive High positive High positive High positive
preservation
Diversity taxa Simpson=0.81 Simpson=0.57 Simpson=0.46 Simpson=0.48
Taxa Monospecific: Diverse: Diverse: Diverse:

Reindeer: 64.8%

peak/cold taxa

taxa/forest species

taxa/forest species

NISP% Horse: 6.4% Red deer: 11.3% Red deer: 11.8% Red deer: 4.3%
Giant deer: 1.7% Horse: 10.8% Horse: 18.6% Horse: 25%
Bison: 0.7% Bison: 2.8% Bison: 6.5% Bison: 5.9%
Red deer: 0.5% Roe deer: 0.6% Wild boar: 0.7%
Ibex: 0.2% lbex:0.3% Fallow deer: 0.4 %
Wild boar: 0.1% Wolf: 0.4%
Weather Cold period/humid Cold taxa/temperate Cold taxa/temperate Cold taxa/temperate

taxa/forest species

Mortality profiles

Catastrophic reindeer

Prime dominated

Prime dominated

Prime dominated

modifications

Rangifer tarandus 27.7%
Cervus elaphus 0

Equus ferus 30.8%

Bison priscus 0

Bone breakage: 17.7%

Rangifer tarandus 18.5%
Cervus elaphus 25.6%
Equus ferus 20.5%

Bison priscus 31.6%

Bone breakage: 8.3%

Rangifer tarandus 11.7%
Cervus elaphus 22%
Equus ferus 18.5%
Bison priscus 35.2%

Bone breakage: 6.5%

Seasonality May/June — fall (only Reindeer: Summer Horse: Sumer/Spring Reindeer: Summer
reindeer). Horse: Autumn/Summer One long term occupation Horse: Autumn/Summer
Two peaks of occupation One long term occupation One long term occupation
Anatomical Abundant: Fore-hind Abundant: Fore-hind Abundant: Fore-hind Abundant: Heads, Fore-hind
transport quarters quarters quarters quarters
Scarcity: Heads, trunks, Scarcity: Heads, trunks, Scarcity: Heads, trunks, Scarcity: Trunks, limb
limb extremities limb extremities limb extremities extremities
Human Cutmarks: Cutmarks: Cutmarks: Cutmarks:

Rangifer tarandus 8.1%
Cervus elaphus 18.7%
Equus ferus 3.8%

Bison priscus 23.5%

Bone breakage: 4.3%




Burned: 20.7% Burned: 32.8% Burned: 28.3% Burned: 8.6%

Bone retouchers NR=1 NR=18 NR=10 NR=2

Human Short-term planned hunting | Seasonal campsite for Seasonal campsite for long- | Seasonal campsite for long-

occupation activity long-term occupation term occupation events term occupation events
Communal mass hunting events Selective ambush hunting Selective ambush hunting

Selective ambush hunting

Table 11 Principal features of Abri du Maras levels 4.1, 5.1, 5.2 and 5.3.

6. Conclusions

Our result offers a view of the occupation dynamics and subsistence strategies developed by
Neanderthals at the Abri du Maras during the formation of level 5, which permit a comparison with
other sites of the region and the upper levels 4.1 and 4.2 of Abri du Maras. As a result of our
analysis, we can confirm that during the formation of levels 5.1, 5.2 and 5.3, Neanderthal groups
used the Abri du Maras rock shelter as a seasonal campsite for long-term occupation events,
especially in summer. The taxonomical distribution in level 5 could indicate a more temperate
climate, with the presence of forest species, and an open landscape, with taxa typical of plains.
Neanderthals intensively exploited faunal resources around the shelter, located in a small valley
close to the Ardéche River. The type of occupation, i.e., a long-term residential habitat, appears
different from that of level 4.1 (MIS 3), which highlights short-term episodes of reindeer hunting. In
level 5, the lithic assemblage shows a higher ratio of flake tools, including some large scrapers,
possibly a limited introduction of already worked products and a higher quantity of whole pebbles
in diverse stones collected along the Ardeche River. They indicate strategies adapted to long-term
occupations with various domestic activities. Mortality profiles indicate preferential selection of
prime-dominated reindeer, red deer and horse, mainly killed during the summer. However, horses
were also killed during the autumn, which could indicate different seasonal events. Our data
indicate that the most probable hunting strategy was cooperative ambush hunting. After capture, the
transport of animal carcasses optimizes the food values of the transported elements, which is a
typical pattern for sites used as residential camps. However, the high percentage of cranial remains
for reindeer in level 5.3 and horses in all levels seems to indicate that the transport distance or the
number of carriers facilitated the repeated transport of this anatomical element. The different use of
the Abri du Maras as a residential campsite for long-term occupation events in level 5 compared
with the upper level 4.1 related with a specialized and short-term occupation events, allows us to
recognize different models of occupation and exploitation of the territory developed by Neanderthal
groups from the end of MIS 5 to MIS 3.
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