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1 | INTRODUCTION

| Anne-Marie Moigne*

Abstract

Caune de I'Arago is a Middle Pleistocene site in Southern France, where Acheulean
artefacts and hominin fossils were excavated. Rhinoceros (Stephanorhinus
hemitoechus) remains from Level F (MIS 12) were studied from a zooarchaeological
and taphonomic perspective to investigate the potential human exploitation of this
large taxon. The well-represented butchering marks, as well as scarce carnivore marks,
indicate primary access to rhinoceros carcasses by hominins. The juvenile-dominated
mortality profile further suggests aggressive scavenging or occasional opportunistic
hunting. Furthermore, differential skeletal representation shows that humans selec-
tively transported the nutrient-rich body sections. In addition, thorough processing
of the carcasses for consumption inside the cave is highlighted by the frequent cut
marks, intensive fragmentation, and regular spatial distribution. The analyses of the
Arago Level F rhinoceros confirm the rhinoceros exploitation by humans during the
Lower Palaeolithic; however, the rhinoceros mortality profile differs from that of large
mammals such as equids, argali, and all other game species of this archaeological layer.
Caune de I'Arago is the earliest hominin site where the systematic exploitation of rhi-

noceros has been documented.
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Primary access to carcasses was demonstrated at Gran Dolina TD
6.2 in MIS 21-20 (Saladié et al., 2014), Boxgrove in MIS 13 (Roberts

Meat consumption plays an important role in the history of hominid
evolution, as part of a larger complex scene in Western European
archaeological contexts. The analyses of Middle Palaeolithic sites sup-
port the hypothesis that Neanderthals were heavily dependent on
meat for their diets (Richards & Trinkaus, 2009; Salazar-Garcia et al.,
2013) and were likely efficient hunters (Discamps, Jaubert, &
Bachellerie, 2011; Gaudzinski-Windheuser & Kindler, 2012; Niven
et al., 2012; Patou-Mathis, 2000). Diversified scenarios of animal
exploitation were exhibited in the Lower Palaeolithic age. Competition
between hominids and carnivores was reported in the Lower Pleisto-
cene sites of Vallonnet Cave (Echassoux, 2004), Barranc de la Boella
(Pineda et al., 2017), and Gran Dolina TD 6.3 (Saladié et al., 2017).

& Parfitt, 1999), and Gran Dolina TD 10.1 in MIS 11-9 (Rodriguez-
Hidalgo, Saladié, Oll¢é, & Carbonell, 2015). Hunting behaviours were
also proposed in several sites during MIS 11-6, such as Gran Dolina
TD 10.2 (Rodriguez-Hidalgo et al., 2017), Schéningen (Van
Kolfschoten, Buhrs, & Verheijen, 2015; Voormolen, 2008), Orgnac 3,
Terra-Amata, and Lazaret (Valensi, 2000; Valensi, Michel, El
Guennouni, & Liouville, 2013).

The rhinoceros is a common giant mammal in Pleistocene human
sites (Tong, 2000), yet few fossil populations have been reported,
because they usually lack quantity in sample size. In Europe, the earli-
est Stephanorhinus hundsheimensis assemblage was reported at 1.2-
1.1 Ma in the Vallonnet Cave (France; Michel et al., 2017), where
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abundant carnivore marks, relative complete limb bones, and few
human cut marks indicate strong carnivore activities rather than
human utilization (Echassoux, 2004). Isernia La Pineta (Italy), an Early
Middle Pleistocene open-air site dating to 600 ka, yielded a large num-
ber of S. hundsheimensis fossils (Coltorti et al., 2005; Sala & Fortelius,
1993). During the Middle Palaeolithic, evident human exploitation of
rhinoceros was documented at the open-air site of Biache-Saint-Vaast
(France) in MIS 7 (Auguste, 1995; Bahain et al., 2015; Louguet, 2002),
the travertine site of Taubach (Germany) in MIS 5 (Bratlund, 1999),
and the cave site of La Cotte de St Brelade in MIS 6/7 (Scott, 1986;
Smith, 2015).

Several rhinoceros assemblages were also reported in East Asia,
which were associated with artefacts and/or human fossils. At the
1.2-Ma Shanshenmiaozui site, the bones of nine individuals of
Coelodonta nihowanensis were unearthed from a fluvial layer, which
received intense carnivore modifications before burial, but these
remains lack traces of human activities (Liu et al., 2016; Tong, Hu, &
Han, 2011). At the Middle Pleistocene Nanjing Man Cave site, a juve-
nile-dominant Stephanorhinus kirchbergensis population was reported
(Tong, 2001), but no artefacts or cut marks were detected. At the
Dadong cave site, dated to MIS 6/7, 285 Rhinoceros sinensis speci-
mens are associated with human teeth, artefacts, and teeth/bone
flakes (Miller-Antonio, Schepartz, & Bakken, 1999; Schepartz &
Miller-Antonio, 2010).

In addition to rhinoceros, many other Early/Middle Pleistocene
megaherbivore exploitations were documented in Africa and Europe.
In the Early Pleistocene, most sites showed only the coexistence
between megaherbivores and artefacts, such as the elephant remains
from Barogali (Djibouti; Berthelet & Chavaillon, 2001) and Fuente
Nueva 3 (Spain; Espigares et al., 2013) and the hippopotamus remains
from Olduvai WK Hippo Cliff (Tanzania; Leakey & Roe, 1994) and
Gombore II-2 (Ethiopia; Chavaillon & Berthelet, 2004). In the Middle
Pleistocene, the presence of cut marks provided straightforward evi-
dence of elephant butchery, such as Ambrona (Spain; Villa et al.,
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2005), Gesher Benot Ya'aqov (Israel; Goren-Inbar, Lister, Werker, &
Chech, 1994), La Cotte de St Brelade (France; Scott, 1986; Smith,
2015), and Avridos 2 (Spain; Yravedra et al., 2010). A marginal foraging
strategy in hominin subsistence was inferred for early megaherbivore
processing (Rabinovich et al., 2012; Yravedra et al., 2010).

Caune de I'Arago long has been an important site for the con-
struction of hominid behaviour of European Acheulean culture during
MIS 14-12 (de Lumley, de Lumley, Merle des lles, Moigne, &
Perrenoud, 2014). Throughout the stratigraphy, eight large mammals
were exploited and, in particular, horses (Bellai, 1995), argali (Ovis
ammon antiqua; Moigne et al., 2006; Rivals, Testu, Moigne, & de
Lumley, 2006), and beavers (Castor fiber; Lebreton, Moigne, Filoux, &
Perrenoud, 2017) reveal clear evidence of hominid butchering of a
variety of taxa. Hunting was demonstrated clearly for cervids, bovids,
1983). This
zooarchaeological analysis of rhinoceros (Stephanorhinus hemitoechus)

and equids (Moigne, paper will present the
remains from Level F of Caune de I'Arago (Arago F) to evaluate

whether humans utilized this giant mammal during MIS 12.

1.1 | Stephanorhinus hemitoechus

Four species of genus Stephanorhinus were found in Western Europe

during the Pleistocene period:  Stephanorhinus  etruscus,
S. hundsheimensis, S. kirchbergensis, and S. hemitoechus (Fortelius,
Mazza, & Sala, 1993). S. hemitoechus is one of the most widespread
rhinoceros in Western Europe, existing from ca. 0.5 Ma to the end
of the last glaciation period. S. hemitoechus has relatively short limbs,
a low-slung cranium, hypsodont molars, and a reduced premolar
series, indicating a landscape mostly comprising grasslands (Fortelius
et al.,, 1993; van Asperen & Kahlke, 2015). S. hemitoechus, of which
the morphology was studied in detail in the Caune de I|'Arago
(Lacombat, 2005), has a relatively large size index in MIS 12

(Lacombat, 2009).

]

/ Caune de I'Arago

FIGURE 1 Location map and stratigraphical sequence of Caune de I'Arago (from de Lumley, Fournier, Park, Yokoyama, & Demouy, 1984,

modified by Falguéres et al., 2004)
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2 | SITE CONTEXT

2.1 | Stratigraphical background

The Caune de I'Arago is a limestone cave in Tautavel, near Perpignan,
Southern France (Figure 1). The 15-m stratigraphy is divided into four
complexes. The middle stratigraphical complex is the main part,
consisting of three distinct “ensembles” from bottom to top. Ensemble
| (Levels Q to K) comprises stratified sands linked to cold and dry con-
ditions (correlated with MIS 14). Ensemble Il (Levels J to H) comprises
claylike sandy silt formed during a relatively humid and temperate
period (MIS 13). Ensembile Ill (Levels G to D) comprises stratified sands
accumulated during a dry and cold period (MIS 12; de Lumley et al.,
2014; Falguéres et al., 2015). The dates of Level F, divided into three
archaeostratigraphical layers (de Lumley et al., 2015), are 392 + 43 ka
according to ESR/U-series dating of herbivorous teeth (Falguéres
et al., 2015).

2.2 | Arago fauna

Arago fauna is a typical Galerian fauna, consisting of more than 120
species. The fauna of the Middle complex reflect a cold period,
consisting of the following taxa: Canis mosbachensis, Cuon priscus,
Vulpes vulpes, Panthera leo spelaea, Felis silvestris, Lynx spelaea, Ursus
arctos, Ursus deningeri, Cervus elaphus, Rangifer tarandus, Praeovibos
priscus, Hemitragus bonali, Rupicapra aff. pyrenaica, O. ammon antiqua,
ferus mosbachensis, S. hemitoechus, and

Bison priscus, Equus

Palaeoloxodon antiquus (Moigne et al., 2006).

23 | Level F

Level F is the second most major level of the cave for the quantity of
lithic artefacts and bones. The currently excavated section covers an
area of 49 m? (de Lumley et al., 2015). Both the pollen and microfauna
composition indicate that the area around the cave mostly was an

open landscape with rare woodlands and a dry and cool climate. Her-
bivores are dominant with 64% argali, 16% horse, 2.5-3.5% muskox,
thar, bison, reindeer, deer, and rhinoceros, whereas carnivores (1.8%)
are much rarer than those in the other levels. A total of 423 rhinoceros
specimens were identified, according to the diagnoses proposed by
Lacombat (2005). Hominin occupation of Level F was recurrent and
seasonal, indicated by the continuous proportion of faunal species
and lithics in the three sublevels (Rivals et al., 2006). Hominin remains
correspond to at least one child and one young adult based on the nat-
urally shed deciduous teeth. The industry is typical of the Acheulean
culture with handaxes, tools, flakes, and debris from mainly local raw

material (Grégoire, Moigne, Barsky, & de Lumley, 2007).

3 | METHODS

3.1 | Ageing

Age structure is important to recognize scavenging from natural dead
animals, unselective hunting, or selective hunting. Here, the ageing cri-
terion is based on the cheek teeth eruption sequence and wearing
stage of recent black rhinoceros (Diceros bicornis; Goddard, 1970),
which was modified and introduced to S. hemitoechus by Moigne
(1983) and Louguet (2002). Six stages of isolated teeth are described,
starting from eruption stages until complete abrasion of the crown,
using occlusal morphology, crown height, and root development. The
teeth then were categorized into eight age groups corresponding to
the calendar age of the black rhinoceros (Table 1) by using the cheek
teeth wearing stage. In Arago F, most dental materials are fragments
of isolated teeth and only a few are associated with maxillae or man-
dibles. Some teeth fragments were refitted to reconstruct the age pro-
file of the population. The black rhinoceros population from Tsavo
National Park was used for comparison, because it was one of the
few stable rhinoceros populations in record (Goddard, 1970). Although
the similar wear stage of black rhinoceros and S. hemitoechus may not

TABLE 1 Age groups of Stephanorhinus hemitoechus, based on the wear stages of cheek teeth

Milk dentition Permanent dentition Age
Age (Goddard,
D1 D2 D3 D4 P2 P3 P4 M1 M2 M3 group 1970)
4 5 4/5 4 1 | 0-1 year
5/6 5/6 5/6 1 2 1 1l 2-3 years
(6) (6) (6) 6 4 3 (3) 2/3 2 1 1] 4-5 years
+ 4/5 3/4 3 3/4 3/4 2 \% 6-7 years
+ 4/5 4/5 3/4 4/5 4/5 3 \Y 8-9 years
5/6 5/6 4/5 5/6 4/6 4 Vi 10-12 years
(6) (6) 5/6 6 5/6 5 Vil 13-21 years
(6) (6) 6 (6) 6 6 VIl 22-40 years
TABLE 2 Age distribution of rhinoceros from Arago F, comparing with Biache-Saint-Vaast (Louguet, 2002)
Age group 0- 2= 4- 6- 8- 10- 13- 22-
(year) 1 3 5 7 9 12 21 40 Sum
Arago F 5 2 1 0 0 3 1 1 13
Biache-Saint-Vaast 4 7 2 8 9 3 0 0 348
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precisely represent the same absolute age, a general comparison

based on the relative ontogenetic stages could be reasonable.

3.2 | Skeletal element representation

The number of identifiable skeletal parts (NISP) was used to evaluate
the skeletal element representation (Lyman, 2008). Minimum numbers
of elements (MNE) were adopted to calculate the numbers of each
bone (Binford, 1984; Marean, Abe, Nilssen, & Stone, 2001). Minimum
number of individuals was derived based on the MNE (Badgley, 1986).
The relative abundance of each skeletal unit was estimated by the
minimum animal unit (MAU) and the MAU%, which could eliminate

disturbances from the different numbers of each bone (Binford, 1984).

3.3 | Surface modification

Bone surfaces were examined with a Stereomicroscope (Leica MZ8);
some bones were also observed with an environmental scanning elec-
tron microscope (Philips XL 30) in the European Centre of Prehistoric
Research, Tautavel.

Taphonomic modifications were examined from the aspects of
weathering, oxide coating, carnivore tooth marks, cut marks, and bone
breakage. Weathering stages were determined following Behrensmeyer
(1978); carnivore tooth marks were identified according to Blumenschine
(1995); oxide coating was recorded in terms of presence or absence;
butchery activity and bone breakage were also considered an important
agent in site formation.

We analysed the cut marks and bone breakages to evaluate the
human modifications. Cut marks were identified according to Shipman
(1981) and Dominguez-Rodrigo et al. (2009) and then correlated with
concrete butchery activities following Binford (1981) and Nilssen
(2000). Cut marks normally are elongated striations, parallel to each other,
V-shaped in profile, with microstriations on the wall. They are also diverse
in morphology and anatomical location, due to different actions such as
skinning, dismembering, defleshing, and scraping (Binford, 1981;
Dominguez-Rodrigo et al., 2009). Cut marks were also illustrated on the
template of girdle and limb bones, to show their anatomical distribution.
Breakage type (green/dry) was identified on the basis of the criteria
outlined by Haynes (1983) and Villa and Mahieu (1991). Green broken
specimens are characterized by smooth fracture surfaces, oblique break-
age planes, and acute or obtuse breakage plane angles, while contrasting

BN Arago F W Biache-Saint-Vaast ®

40.0%

30.0%
20.0% o
.
O
10.0% i
0.0% L
0-1 2-3 4-5

|

6-7 8-9 10-13

with the uneven, sometimes microstep fractures, longitudinal/transverse

breakage planes, and nearly vertical breakage plane angles of dry breaks.

3.4 | Spatial distribution

Three-dimensional coordinates and measurements (length/width/
thickness) of each specimen were input into to the GIS software,

which was developed by the European Centre of Prehistoric Research.

TABLE 3 Skeletal statistics of rhinoceros remains from Arago F

NISP MNE MAU%
Cranium (upper teeth) 115 (108) 13 100%
Mandible (lower teeth) 74 (65) 13 100%
Teeth fragment 28 - —
Cervical vertebra 5 5 5%
Thoracic vertebra 4 3 1%
Lumbar vertebra 8 3 6%
Sacrum vertebra 1 1 8%
Caudal vertebra 0 0 0%
Rib 21 16 4%
Scapula 4 2 8%
Humerus 9 7 27%
Ulna 8 2 8%
Radius 6 3 12%
Carpal 6 6 3%
Metacarpal 3 3 3%
Phalanx anterior 21 18 8%
Pelvis 5 2 15%
Femur 12 6 23%
Patella 1 1 4%
Tibia 3 12%
Fibula 2 8%
Tarsal 16 16 9%
Metatarsal 4 4 4%
Phalanx posterior 27 27 12%
Foot bones fragments 9 8 —
Sesamoid 37 37 12%
Total 423 195 -

Note. NISP: number of identifiable skeletal parts; MNE: minimum numbers
of elements; MAU: minimum animal unit.

Tsavo black rhinoceros

9,
FIGURE 2 Mortality rate of each age stage
o of Stephanorhinus hemitoechus from Arago F,
I . Biache-Saint-Vaast (Louguet, 2002), and
comparing with black rhinoceros from Tsavo
14-21 22-40

National Park, Kenya (Goddard, 1970, table 8)
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Each skeletal proportion was displayed in a unique colour. Point den-

sity analysis was also conducted.

4 | RESULTS

4.1 | Mortality profile

The age distribution of S. hemitoechus in Arago Level F yields 13 indi-
viduals, based on 115 upper teeth/maxillae and 74 lower teeth/man-
dibles (Table 2; Figure 2). Young animals between O and 5 years old
(61.5%) are the most highly represented. Rhinoceroses at this age nor-
mally are not yet sexually mature and are nursed by their mothers
(Goddard, 1970; Schenkel & Schenkel-Hulliger, 1969). In addition,
there are three adults between 10 and 12 years old and two senior
adults between 14 and 40 years old. The young adult class between
6 and 9 years old is absent. In brief, the rhinoceros mortality profile
is defined by the dominance of juveniles and the absence of young
adults. For the postcranial bones, at least two juveniles are recognized
based on the unfused epiphyses, but most of them are too fragmented

to get the age information.

4.2 | Skeletal element representation

Except for caudal vertebrae, all skeletal parts are represented for the
Arago F rhinoceros. In total, 423 rhinoceros specimens (NISP) repre-
sent 195 skeletal elements (MNE; Table 3). NISP is best represented
by isolated teeth, which are 40.9% of the total NISP, whereas MNE
are more represented by foot bones. Remarkable differences exist
between NISP and MNE, especially with heavily fragmented elements,

for example, cranium, mandible, and limb bones. NISP distribution of

rhinoceros in Arago F is similar to that of Biache-Saint-Vaast Level
Ila, where isolated teeth are 40% of NISP and foot bones are also
highly represented (Auguste, 1995: Figure 6a).

Relative skeletal abundance is displayed by MAU% and compared
with the carnivore-modified Shanshenmiaozui site (Tong et al., 2011;
Figure 3). At Arago F, the cranial section is represented much better
than the postcranial section, because the highest MAU% of postcranial
bones is only 27% (humerus). The axial parts (vertebrate and rib) are
the most poorly represented and are only 3.4% of that which is
expected. For the legs, meaty elements are more abundant than the
meatless elements. The proximal limb bones (humerus/femur) are rep-
resented better than the distal ones (radius/ulna/tibia/fibula). In addi-
tion, the phalanges are more abundant than the metapodial and
carpal/tarsal elements because the foot sole of the rhinoceros is rich
in fat. Bone density and marrow content were considered to be the
main factors of skeletal survival of bovid, cervid, and equid taxa in
the hominin sites (Lam, Chen, & Pearson, 1999); in contrast, rhinoc-
eros long bones are characterized by very thick compact bones and
undeveloped marrow cavities. Therefore, the nutrition distribution
across the skeletal parts determined part retrieval and carcass pro-

cessing during the formation of the Arago F rhinoceros assemblage.

43 |
43.1 |

All the bones maintain intact cortical surfaces and are at the 0-1

Bone surface modification

Nonhuman modification

weathering stage, according to Behrensmeyer (1978). The major natu-

ral modifications on the surface are the manganese coatings (40%).
Carnivore marks affected only two bones, a humerus and a fibula,

which is 0.5% of NISP. The lateral epicondyle of the humerus presents

120 HAragoF NISP © Arago F MNE
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a semirounded pit; the fibula shows some chewing scores on the distal
end. On the argali remains from Arago F, carnivore marks account for
1% of NISP, but 17.6% in Levels M, N, and O, when bears and canids
are the main accumulators in this cave (Rivals et al., 2006). In sum,
nonhuman modification is limited during the formation of the Arago
F bone assemblage.

432 |

In total, 153 specimens bear cut marks, which comprise 36.2% of the

Cut marks

NISP. On axial parts, girdle bones, limb bones, and foot bones, the pro-
portion of cut marks is 70.6%, 66.7%, 64.1%, 71.8%, respectively.
These cut marks are related to skin removal from carcasses (skinning),
separation of articulated bones (disarticulation), detachment of meat,
or periosteum adhering to bones (defleshing/scraping).

Skinning marks are present on the dorsal and lateral sides of
metapodials. The lateral shaft of a right metatarsal IV (Figure 4a) pre-
sents a set of short, straight, parallel, and oblique cut marks. These
marks are broad and V-shaped in profile, with distinct microstriations.
Disarticulation marks are found around the articular surface (Figure 4
b,c). Two main types are recognized. One type is a set of short, V-
shaped marks on the ligament attachment. The second, deep at the
beginning, then quickly shrinking to the end of the epiphysis, can be

left by the cutting of cartilage. Defleshing marks are distributed
on the meaty areas of mandibles, vertebrae, ribs, scapulae, pelvis,
and limb bones (Figure 4d,e). The morphology of defleshing marks
is varied. Some marks are long, curving, and deep at the beginning
on scapulae, pelvis, and limb bones; some of these cut marks are
short, straight, and deep in the midsection, such as on the ribs;
others are fork-shaped, which could be formed by retouched flakes
or even a handaxe (De Juana, Galan, & Dominguez-Rodrigo, 2010).
Scraping marks, characterized by sets of shallow, parallel striations,
are only encountered on the scapula and metatarsal (Figure 4f). In
brief, the high proportion of cut marks reveals the heavy consump-
tion of the rhinoceros carcass. The complete butchering process is
exhibited on the bones, and the morphology of cut marks is quite

diverse.

433 |

The rhinoceros remains are heavily fragmented (81.6%). The complete

Bone breakage

specimens belong to short bones, mainly foot bones, including 77% of
carpals, tarsals, phalanges, and sesamoids. Size range of specimens is
between 12 and 220 mm, with a mean of 47.7 mm. All the skull or
mandible bones were broken into small pieces, with a mean of
68.9 mm, ranging from 28 to 120 mm. Limb bones present only

FIGURE 4 Human cut marks. (a) Skinning marks on the lateral plantar side of metatarsal IV; (b) disarticulation marks on the lateral posterior side
of humerus; (c) disarticulation marks on the posterior side of pisiform; (d) defleshing marks on the lingual side of mandible; (e) defleshing marks on
the dorsal side of ilium; (f) scraping marks on the lateral side of scapula. Scale bars for al-f1 equal 2 cm, for a2-f2 equal 2 mm [Colour figure can

be viewed at wileyonlinelibrary.com]
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broken epiphyses or extreme parts of shafts (Figure 5), which are
84.2 mm on average, ranging from 18 to 152 mm.

Most of the bones (88.1%) were broken while fresh, with smooth
fracture surfaces. The majority of the teeth (71.2%) were broken in a
vertical direction, normally stricken from the crown. The postcranial
bones mainly present oblique fractures (49%), with a few longitudinal
(26%), transversal (19.2%), or spiral (5.8%) fractures. Limb bones often
show continuous percussion cones along the shaft, rather than spiral
fractures. On the scapulae and pelvis, typical spiral fractures appear
on the necks and long fractures exist on the flat area, along the prior
cutting marks (Figure 6d). On the metapodials and phalanges, fractures
often are longitudinal or transverse and the percussion cone is located

on the posterior shaft.

434 |

For the spatial distribution of rhinoceros remains in Level F (Figure 7),

Spatial distribution

most of the rhinoceros bones are scattered in the north-east area; two
smaller groups appear in the north-west and south-east areas, and few
bones are present in the south-west area. The squares C16-18 and

D16-18 are in a geochemically altered area, and bones are lacking.

The girdle bones (scapula/pelvic) and the large long bone frag-
ments are present near the east wall of cave. Isolated teeth and
small bones are distributed all over the site. The fragments of skull
bones (cranium/mandible) appear around the isolated teeth. In addi-
tion, the sesamoids seem to be in pairs. These distinctive distribu-
tions are possibly a result of butchering activities. The area with
the most percussion activity seems to be in the centre of the cave,
and the large fragments are scattered towards the walls of the
cave. Generally, the distribution of rhinoceros and the distribution
of argali remains are superposed in the same level (Rivals et al.,
2006).

Although articulation among different bones is not certain, sev-
eral fragments of the same bone can be refitted. There are eight
associated groups (19 specimens) in the teeth, scapula, humerus,
pelvis, or phalanx. The farthest association is between two fragments
of scapula, with a distance of 661.7 cm on the plane; the other
associations are 0.5-2 m in distance. These associations revealed
expressive contemporary hominin activity in the cave. Considering
the carnivore modification is scarce in Level F, the distribution of

rhinoceros remains is formed logically by the human management

of the space.

SELE S

B W N =2 O

FIGURE 5 Preservation and surface modification of (a) scapula, (b) humerus, (c) radius, (d) ulna, (e) pelvis, (f) femur, and (g) tibia. Red trigons show
percussions, red lines show cut marks, and greyscale show the number of fragments [Colour figure can be viewed at wileyonlinelibrary.com]
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FIGURE 6 Anthropic fragmentations. (a1, a2) Distal and buccal views of lower third molar, showing vertical fracture surface; (b1, b2) lingual and
occlusal views of lower third molar, showing vertical fracture surface; (c1, c2) lateral and anterior views of radius, with continuous percussions on
the shaft; (d) ventral view of ilium, showing straight fracture along the cut marks (top) and typical spiral fracture (bottom). Scale bars = 2 cm [Colour

figure can be viewed at wileyonlinelibrary.com]

5 | DISCUSSION

5.1 | Exploitation of the rhinoceros

Generally, the mortality profile of Arago F rhinoceros resembles that
of the black rhinoceros from Tsavo Natural Park in Kenya (Goddard,
1970), despite that the O- to 1-year-old calves are over-represented
at Arago F (Figure 2). Rhinoceros assemblages are represented by
the dominance of juveniles and are poor in older animals at Vallonnet
Cave, Nanjing Man Cave, and Taubach (Bratlund, 1999; Echassoux,
2004; Tong, 2001). This outcome is consistent with the natural mor-
tality profile; however, the rough division of the age stages prevents
further comparison. In contrast, for the anthropic Level lla of Biache-
Saint-Vaast, the animals between 6 and 9 years old account for
51.5% of the total, without older individuals (Louguet, 2002). This pat-
tern was explained as a hunting behaviour that specially targeted the
young adults that had just left their mothers.

Several models can be proposed, including passive scavenging,
active scavenging, opportunistic hunting, and selective hunting. In
Arago F, hominins likely had the first access to the rhinoceros car-
casses, based on the high proportion of butchering marks and scarce
carnivore marks. Thus, scavenging after carnivores should be elimi-
nated from the possibilities, due to the very faint carnivore activities.
Selective hunting also seems to be unlikely even though there is a high
proportion of juveniles because rhinoceros calves are usually
protected seriously by their mothers (Sillero-Zubiri & Gottelli, 1991).
The most likely rhinoceros from selective hunting probably are the
inexperienced subadults, such as what happened at Biache-Saint-
Vaast (Louguet, 2002). Furthermore, the age structure of Arago F rhi-
noceros generally is consistent with a natural mortality profile, which

is characterized by many juveniles, few seniors, and nearly absence
of young adults. This point supports the active scavenging of carcasses
of animals that died naturally. Nevertheless, the occasional opportu-
nistic hunting could not be ruled out completely, when it was pro-
posed to explain the Argali population (Rivals et al., 2006) and horse
population from the same level (Bellai, 1995).

5.2 | Transportation of carcasses

Although all the skeletal parts were encountered on-site, the differen-
tial preservation across them is significant. Skeletal patterning indi-
cates that hominins transported predominantly nutrition-yielding
skeletal elements of the rhinoceros carcasses. Skulls and mandibles
were selected, perhaps for the processing of head nutrition (brain,
tongue, facial muscles, etc.) in the cave, as suggested by the elephant
exploitation pattern (Agam & Barkai, 2016; Reshef & Ran, 2015). Fur-
thermore, the upper part of the rhinoceros leg has more meat than the
lower part, and the feet bear abundant fat in the sole; they also thus
are chosen for transport. By contrast, these meaty elements are less
represented in the Shanshenmiaozui site because of carnivore con-
sumption in situ (Tong et al., 2011; Tong & Wang, 2014). We can also
speculate that some less nutritious elements could be abandoned in
the field, when hominins confronted the competition of carnivores.
In consideration of the weight of rhinoceros, it is also possible that
sometimes hominins cut the meat to take it back without bones.

In African ethnographic research, the heads of big mammals, such
as elephants, are usually not carried back to camp sites (Haynes &
Klimowicz, 2015; O'Connell, Hawkes, & Blurton Jones, 1988). How-
ever, in our opinion, it perhaps depends on the carcass size, distance,

and carrying value. Caune de I'Arago is in a small intermountain basin,
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so it is easier to transport the heavy body elements than in the African
savanna, especially when most of the rhinoceros are juveniles. In addi-
tion, the meat and fat certainly would keep fresh longer in cold cli-
mates than in tropical climates. Considering the great physical effort
for transportation, group cooperation strongly was implied (Agam &
Barkai, 2016).

5.3 | Rhinoceros consumption in cave

Meat consumption of hominins is supported clearly by the high den-
sity of bone fragments and extraordinarily frequent cut marks in Arago

F. The scattering of bones and refitting between specimens show that

(a) Spatial analysis on plan: Distribution of different skeletal parts. (b) Density analysis and association of refitting bones [Colour figure

hominins intentionally may manage the living space in caves. There is
no evident trace of carnivorous disturbance during the period of the
hominin occupation. All the body parts of rhinoceros were utilized
thoroughly, based on the severely fragmented specimens. This use
was not limited to only the cranium and mandible, as the teeth were
also fragmented intentionally (Figure 6), perhaps due to the removal
of the meat between the gums or for secondary utilization of cheek
teeth fragments. Although the medullary cavity is not developed in
rhinoceros long bones, hominins still may attempt to attract the grease
from inside through fragmentation. In comparison, rhinoceros bones
are much more complete in carnivore-modified sites such as the

Vallonnet Cave and Shanshenmiaozui site, where the teeth were still
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attached to maxillae or mandibles, and at least half of the bones or
shaft cylinders of limb bones were preserved (Echassoux, 2004). In
brief, Arago F hominins performed the utmost utilization of the
carcasses.

The cut marks normally are scarce in the ethnographic records of
both hippopotamus (Crader, 1983) and elephant carcasses (Haynes,
1991; Haynes & Klimowicz, 2015). In contrast, the percentage of
cut marks of Arago F rhinoceros is 36.2%, and this percentage also
exceeds 20% in the Neanderthal site Biache-Saint-Vaast (Auguste,
1995). Diverse consumption behaviours could be responsible for this
contradiction despite the differences regarding the tools and butcher-
ing skills. Until now, more evidence has been needed to understand
the diversity of megaherbivore carcass utilization in hominin

evolution.

6 | CONCLUSION

Previously studied rhinoceros assemblages from Lower Palaeolithic
Period sites such as the Vallonnet Cave and Nanjing Man Cave were
formed by carnivorous activity or hominin scavenging (Echassoux,
2004; Tong, 2001). Caune de I'Arago provided the first case of the
systematic exploitation of rhinoceros in the Lower Palaeolithic Period.
More rhinoceros exploitation cases were documented later in the
Middle Palaeolithic, such as at the sites of Biache-Saint-Vaast,
Taubach, Dadong, and La Cotte de St Brelade (Auguste, 1995;
Bratlund, 1999; Schepartz & Miller-Antonio, 2010; Smith, 2015).
Among them, Biache-Saint-Vaast showed valid evidence of selective
hunting of young adults, as often documented in herbivores of the
Middle Palaeolithic. Based on prior analyses, the Arago F rhinoceros
assemblage provides unique evidence of active rhinoceros procure-
ment by Lower Palaeolithic hominin populations. Furthermore, it also
sheds new light on the origin of the effective acquisition and process-
ing on megaherbivores, which often was considered as marginal forag-
ing behaviour during the Lower Palaeolithic Age.

At Caune de I'Arago, hominins have shown the ability to exploit
large mammals and mesofauna, as well as rhinoceros. Although the
rhinoceros individuals account for only 3.5% of Arago F, their huge
body mass provided a large quantity of meat for hominin occupants.
In the anthropic level of Caune de I'Arago, the high density and taph-
onomic signatures of the bone fragments show that meat and mar-
row extraction was an important aspect of hominin activity at the
site. Finally, we infer that the relative cold and dry environment dur-
ing this time drove hominins to explore a wide variety of meat

resources.

ACKNOWLEDGEMENTS

The authors would like to thank Denis Dainat for photo preparation,
Véronique Pois for spatial analysis, and Thibaud Saos for SEM scan-
ning. Further thanks are due to Jacqueline S. Meier and Cédric
Fontaneil for English revisions. We also thank the editor and three
anonymous reviewers for their assistance and helpful comments. This
study was funded by the National Natural Science Foundation of
China, Grant/Award 41572003, UCAS Joint PhD Training Program,

and French Ministry of Culture for 55 excavation years.

ORCID
Xi Chen (© http://orcid.org/0000-0001-7343-3825
REFERENCES

Agam, A., & Barkai, R. (2016). Not the brain alone: The nutritional potential
of elephant heads in Paleolithic sites. Quaternary International, 406,
218-226.

Auguste, P. (1995). Chasse et charognage au Paléolithique moyen: I'apport
du gisement de Biache-Saint-Vaast (Pas-de-Calais). Bulletin de la Société
préhistorique francaise, 92, 155-167.

Badgley, C. (1986). Counting individuals in mammalian fossil assemblages
from fluvial environments. Palaios, 1, 328-338.

Bahain, J.-J., Falgueres, C., Laurent, M., Dolo, J. M., Shao, Q., Auguste, P., &
Tuffreau, A. (2015). ESR/U-series dating of faunal remains from the
paleoanthropological site of Biache-Saint-Vaast (Pas-de-Calais, France).
Quaternary Geochronology, 30, 541-546.

Behrensmeyer, A. K. (1978). Taphonomic and ecologic information from
bone weathering. Paleobiology, 4(2), 150-162.

Bellai, D. (1995). Techniques d'exploitation du cheval a la Caune de I'Arago
(Tautavel, Pyrénées-Orientales). Paléo, 7, 139-155.

Berthelet, A., & Chavaillon, J. (2001). The early Palaeolithic butchery site of
Barogali (Republic of Djibuti). In G. Cavarretta, P. Gioia, M. Mussi, & M.
R. Palombo (Eds.), Proceedings of the 1st International Congress. The
World of Elephants (pp. 176-179). Rome: Consiglio Nazionale delle
Ricerche.

Binford, L. R. (1981). Bones: Ancient men and modern myths. Orlando: Aca-
demic Press.

Binford, L. R. (1984). Faunal remains from Klasies River mouth. Orlando: Aca-
demic Press.

Blumenschine, R. J. (1995). Percussion marks, tooth marks, and experimen-
tal determinations of the timing of hominid and carnivore access to
long bones at FLK Zinjanthropus, Olduvai Gorge, Tanzania. Journal of
Human Evolution, 29(1), 21-51.

Bratlund, B. (1999). Taubach revisited. Jahrbuch des Rémisch-Germanischen
Zentralmuseums Mainz, 46, 61-174.

Chavaillon, J., & Berthelet, A. (2004). The archaeological sites of Melka
Kunture. In J. Chavaillon, & M. Piperno (Eds.), Studies on the Early Paleo-
lithic site of Melka Kunture, Ethiopia (pp. 25-82). Florence: Istituto
Italiano di Preistoriae Protostoria.

Coltorti, M., Feraud, G., Marzoli, A., Peretto, C., Ton-That, T., Voinchet, P,,

Hohenstein, U. T. (2005). New “°Ar/*°Ar, stratigraphic and

palaeoclimatic data on the Isernia la Pineta lower palaeolithic site,
Molise, Italy. Quaternary International, 131, 11-22.

Crader, D. C. (1983). Recent single-carcass bone scatters and the problem
of ‘butchery’ sites in the archaeological record. In J. Clutton-Brock, & C.
Grigson (Eds.), Animals and archaeology, hunters and their prey (Vol. 163)
BAR International Series (pp. 107-141). Oxford: BAR Publishing.

De Juana, S., Galan, A., & Dominguez-Rodrigo, M. (2010). Taphonomic
identification of cut marks made with lithic handaxes: An experimental
study. Journal of Archaeological Science, 37, 1841-1850.

de Lumley, H. de Lumley, M. A., Merle des lles, M., Moigne, A., & Perrenoud,
C. (2014). Caune de I'Arago, Tome |. Historique des Recherches sur la
Caune de I'Arago, Tautavel-en-Roussillon, Pyrénées-Orientales, France:
Individualisation des unités archéostratigraphiques. CNRS Editions.

de Lumley, H., Fontaneil, C., Grégoire, S., Batalla, G., Caumon, G., Celiberti,
V., ... Moigne A.-M. (2015). Caune de I'Arago Tome VI. Tautavel-en-
Roussillon, Pyrénées-Orientales, France: Individualisation des unités
archéostratigraphiques. CNRS Editions.

de Lumley, H., Fournier, A,, Park, Y. C., Yokoyama, Y., & Demouy, A. (1984).
Stratigraphie du remplissage ple'istoce'ne moyen de la Caune de
I'Arago a' Tautavel. Etude de huit carottages effectue's de 1981 a’
1983. L'Anthropologie, 88(1), 5-18.

Discamps, E., Jaubert, J., & Bachellerie, F. (2011). Human choices and envi-
ronmental constraints: Deciphering the variability of large game


http://orcid.org/0000-0001-7343-3825

CHEN AND MOIGNE

procurement from Mousterian to Aurignacian times (MIS 5-3) in south-
western France. Quaternary Science Reviews, 30, 2755-2775.

Dominguez-Rodrigo, M., Mabulla, A., Bunn, H. T., Barba, R., Diez-Martin, F.,
Egeland, C. P, ... Sanchez, P. (2009). Unraveling hominin behavior at
another anthropogenic site from Olduvai Gorge (Tanzania): new
archaeological and taphonomic research at BK, Upper Bed Il. Journal
of Human Evolution, 57, 260-283.

Echassoux, A. (2004). Taphonomy, palaeoecology and zooarchaeology of
the lower Pleistocene mammals of Vallonnet cave (Roquebrune-Cap-
Martin, Alpes-Maritimes, France). L'Anthropologie, 108, 11-53.

Espigares, M. P., Martinez -Navarro, B., Palmqvist, P., Ros-Montoya, S.,
Toro, I., Agusti, J., & Sala, R. (2013). Homo vs. Pachycrocuta: Earliest
evidence of competition for an elephant carcass between scavengers
at Fuente Nueva-3 (Orce, Spain). Quaternary International, 295,
113-125.

Falgueéres, C., Yokoyama, Y., Shen, G., Bischoff, J. L., Ku, T. L., de Lumley, H.
(2004). New U-series dates at the Caune de I'Arago, France. Journal of
Archaeological Science, 31, 941-952.

Falgueres, C., Shao, Q., Han, F., Bahain, J., Richard, M., Perrenoud, C., &
Moigne, A. (2015). New ESR and U-series dating at Caune de I'Arago,
France: A key-site for European Middle Pleistocene. Quaternary Geo-
chronology, 30, 547-553.

Fortelius, M., Mazza, P, & Sala, B. (1993). Stephanorhinus (Mammalia:
Rhinocerotidae) of the western European Pleistocene, with a revision
of S. etruscus (Falconer, 1868). Palaeontographia Italica, 80, 63-155.

Gaudzinski-Windheuser, S., & Kindler, L. (2012). Research perspectives for
the study of Neandertal subsistence strategies based on the analysis of
archaeozoological assemblages. Quaternary International, 247, 59-68.

Goddard, J. (1970). Age criteria and vital statistics of a black rhinoceros
population. African Journal of Ecology, 8, 105-121.

Goren-Inbar, N., Lister, A., Werker, E., & Chech, M. (1994). A butchered
elephant skull and associated artifacts from the Acheulian site of
Gesher Benot Ya'aqov, Israel. Paléorient, 20, 99-112.

Grégoire, S., Moigne, A.-M,, Barsky, D., & de Lumley, H. (2007). Gestion et
sélection des ressources au sein d'un territoire. Un exemple de
comportement économique au Paléolithique inférieur dans le sud de
la France. In: Aires d'approvisionnement en matiéres premiéres et aires
d'approvisionnement en ressources alimentaires. Approche intégrée
des comportements. Worshop 23, XV Congrés UISPP, 4-9 septembre
2006 Lisbonne. BAR International Series 1364, volume 5, 2007.

Haynes, G. (1983). Frequencies of spiral and green-bone fractures on
ungulate limb bones in modern surface assemblages. American Antig-
uity, 48(1), 102-114.

Haynes, G. (1991). Mammoths, mastodonts, and elephants: Biology, behavior
and the fossil record. Cambridge: Cambridge University Press.

Haynes, G., & Klimowicz, J. (2015). Recent elephant-carcass utilization as a
basis for interpreting mammoth exploitation. Quaternary International,
359-360, 19-37.

Lacombat, F. (2005). Les rhinocéros fossiles des sites préhistoriques de
I'Europe méditerranéenne et du Massif Central: paléontologie et implica-
tions biochronologiques. Oxford: Archaeopress.

Lacombat, F. (2009). Biochronologie et grands mammiféres au Pléistocéne
moyen et supérieur en Europe occidentale: I'apport des Rhinocerotidae
(genre Stephanorhinus). Quaternaire, 20, 429-435.

Lam, Y. M., Chen, X., & Pearson, O. M. (1999). Intertaxonomic variability in
patterns of bone density and the differential representation of bovid,
cervid, and equid elements in the archaeological record. American
Antiquity, 64, 343-362.

Leakey, M. D., & Roe, D. A. (1994). Olduvai Gorge: Excavations in Beds IlI, IV
and the Masek beds, 1968-1971. Cambridge: Cambridge University
Press.

Lebreton, L., Moigne, A.-M.,, Filoux, A., & Perrenoud, C. (2017). A specific
small game exploitation for Lower Paleolithic: The beaver (Castor fiber)
exploitation at the Caune de I'Arago (Pyrénées-Orientales, France).
Journal of Archaeological Science: Reports, 11, 53-58.

WILEY——

Liu, P, Wu, Z.,, Deng, C., Tong, H., Qin, H., Li, S., ... Zhu, R. (2016).
Magnetostratigraphic dating of the Shanshenmiaozui mammalian fauna
in the Nihewan Basin, North China. Quaternary International, 400,
202-211.

Louguet, S. (2002). Determining the age of death of proboscids and
rhinocerotids from dental attrition. In D. Ruscillo (Ed.), Recent advances
in ageing and sexing animal bones (Vol. 9) (p. 179). Oxford: Oxbow
books.

Lyman, R. L. (2008). Quantitative paleozoology. Cambridge: Cambridge Uni-
versity Press.

Marean, C. W., Abe, Y., Nilssen, P. J., & Stone, E. C. (2001). Estimating the
minimum number of skeletal elements (MNE) in zooarchaeology: A
review and a new image-analysis GIS approach. American Antiquity,
66, 333-348.

Michel, V., Shen, C. C., Woodhead, J., Hu, H. M., Wu, C. C., Moullé, P. E., ...
Valensi, P. (2017). New dating evidence of the early presence of
hominins in Southern Europe. Scientific Reports, 7(10074), 1-8.
https://doi.org/10.1038/s41598-017-10178-4

Miller-Antonio, S., Schepartz, L., & Bakken, D. (1999). Raw material selec-
tion and evidence for rhinoceros tooth tools at Dadong Cave,
southern China. Antiquity, 74, 372-379.

Moigne, A.-M. (1983). Taphonomie des faunes quaternaires de la Caune de
I'Arago, Tautavel. Thése de Doctorat, MNHN et Université Pierre et
Marie Curie, Paris 6.

Moigne, A.-M., Palombo, M. R., Belda, V., Heriech-Briki, D., Kacimi, S.,
Lacombat, F., ... Quiles, J. (2006). An interpretation of a large mammal
fauna from la Caune de I'Arago (France) in comparison to a Middle
Pleistocene biochronological frame from lItaly. L'Anthropologie, 110,
788-831.

Nilssen, P. J. (2000). An actualistic butchery study in South Africa and its
implications for reconstructing hominid strategies of carcass acquisi-
tion and butchery in the Upper Pleistocene and Plio-Pleistocene.
(PhD thesis). University of Cape Town.

Niven, L., Steele, T. E., Rendu, W., Mallye, J.-B., McPherron, S. P., Soressi,
M., ... Hublin, J.-J. (2012). Neandertal mobility and large-game hunting:
The exploitation of reindeer during the Quina Mousterian at Chez-
Pinaud Jonzac (Charente-Maritime, France). Journal of Human Evolu-
tion, 63, 624-635.

QO'Connell, J. F., Hawkes, K., & Blurton Jones, N. (1988). Hadza hunting,
butchering, and bone transport and their archaeological implications.
Journal of Anthropological Research, 44, 113-161.

Patou-Mathis, M. (2000). Neanderthal subsistence behaviours in Europe.
International Journal of Osteoarchaeology, 10, 379-395.

Pineda, A., Saladié, P, Huguet, R., Caceres, |., Rosas, A., Estalrrich, A., ...
Vallverdd, J. (2017). Changing competition dynamics among predators
at the late Early Pleistocene site Barranc de la Boella (Tarragona, Spain).
Palaeogeography Palaeoclimatology Palaeoecology, 477, 10-26.

Rabinovich, R., Ackerman, O., Aladjem, E., Barkai, R., Biton, R., Milevski, 1.,
... Marder, O. (2012). Elephants at the Middle Pleistocene Acheulean
open-air sites of Ravadim quarry, Israel. Quaternary International, 276,
183-197.

Reshef, H., & Ran, B. (2015). A taste of an elephant: The probable role of
elephant meat in Paleolithic diet preferences. Quaternary International,
379, 28-34.

Richards, M. P, & Trinkaus, E. (2009). Isotopic evidence for the diets of
European Neanderthals and early modern humans. Proceedings of the
National Academy of Sciences, 106, 16034-16039.

Rivals, F., Testu, A., Moigne, A.-M., & de Lumley, H. (2006). The Middle
Pleistocene argali (Ovis ammon antiqua) assemblages at the Caune de
I'Arago (Tautavel, Pyrénées-Orientales, France): Were prehistoric
hunters or carnivores responsible for their accumulation? International
Journal of Osteoarchaeology, 16, 249-268.

Roberts, M. B., & Parfitt, S. A. (1999). Boxgrove: A Middle Pleistocene hom-
inid site at Eartham Quarry, Boxgrove, West Sussex. Archaeological
Report, 17. London: English Heritage.


https://doi.org/10.1038/s41598-017-10178-4

% | \WiLEY

CHEN AND MOIGNE

Rodriguez-Hidalgo, A., Saladié, P., Ollé, A., Arsuaga, J. L., de Castro, J. M. B,,
& Carbonell, E. (2017). Human predatory behavior and the social impli-
cations of communal hunting based on evidence from the TD10. 2
bison bone bed at Gran Dolina (Atapuerca, Spain). Journal of Human
Evolution, 105, 89-122.

Rodriguez-Hidalgo, A., Saladié, P., Oll¢, A., & Carbonell, E. (2015). Hominin
subsistence and site function of TD10. 1 bone bed level at Gran Dolina
site (Atapuerca) during the late Acheulean. Journal of Quaternary Sci-
ence, 30, 679-701.

Sala, B., & Fortelius, M. (1993). The rhinoceroses of Isernia la Pineta (early
middle Pleistocene, southern Italy). Palaeontographia lItalica, 80,
157-174.

Saladié, P., Fernandez, P., Rodriguez-Hidalgo, A., Huguet, R., Pineda, A.,
Caceres, ., ... Saladié, P. (2017). The TD6.3 faunal assemblage of the
Gran Dolina site (Atapuerca, Spain): A late Early Pleistocene hyena
den. Historical Biology, 1-19. https://doi.org/10.1080/
08912963.2017.1384476

Saladié, P., Rodriguez-Hidalgo, A., Huguet, R., Caceres, I., Diez, C.,
Vallverdq, J., ... de Castro, J. M. B. (2014). The role of carnivores and
their relationship to hominin settlements in the TD6-2 level from Gran
Dolina (Sierra de Atapuerca, Spain). Quaternary Science Reviews, 93,
47-66.

Salazar-Garcia, D. C., Power, R. C., Serra, A. S., Villaverde, V., Walker, M. J.,
& Henry, A. G. (2013). Neanderthal diets in central and southeastern
Mediterranean Iberia. Quaternary International, 318, 3-18.

Schenkel, R., & Schenkel-Hulliger, L. (1969). Ecology and behaviour of the
black rhinoceros (Diceros bicornis L.): A field study. Berlin: Paul Parey.

Schepartz, L., & Miller-Antonio, S. (2010). Taphonomy, life history, and
human exploitation of Rhinoceros sinensis at the middle Pleistocene
site of Panxian Dadong, Guizhou, China. International Journal of
Osteoarchaeology, 20, 253-268.

Scott, K. (1986). The bone assemblages of layers 3 and 6. In P. Callow, & J.
M. Cornford (Eds.), La Cotte de St. Brelade, 1961-1978 (pp. 159-183).
Norwich: Geo Books.

Shipman, P. (1981). Applications of scanning electron microscopy to taph-
onomic problems. Annals of the New York Academy of Sciences, 376(1),
357-385.

Sillero-Zubiri, C., & Gottelli, D. (1991). Threat to Aberdate rhinos: Preda-
tion versus poaching. Pachyderm, 14, 37-38.

Smith, G. M. (2015). Neanderthal megafaunal exploitation in Western
Europe and its dietary implications: A contextual reassessment of La
Cotte de St Brelade (Jersey). Journal of Human Evolution, 78, 181-201.

Tong, H. (2000). Les Rhinocéros des sites a fossiles humains de Chine.
L'Anthropologie, 104, 523-529.

Tong, H. W. (2001). Age profiles of rhino fauna from the Middle Pleisto-
cene Nanjing man site, south China—Explained by the rhino
specimens of living species. International Journal of Osteoarchaeology,
11, 231-237.

Tong, H. W., Hu, N., & Han, F. (2011). A preliminary report on the excava-
tions at the Early Pleistocene fossil site of Shanshenmiaozui in
Nihewan Basin, Hebei, China. Quaternary Sciences, 31, 643-653.

Tong, H. W., & Wang, X. M. (2014). Juvenile skulls and other postcranial
bones of Coelodonta nihowanensis from Shanshenmiaozui, Nihewan
Basin, China. Journal of Vertebrate Paleontology, 34, 710-724.

Valensi, P. (2000). The archaeozoology of Lazaret Cave (Nice, France).
International Journal of Osteoarchaeology, 10, 357-367.

Valensi, P., Michel, V., El Guennouni, K., & Liouville, M. (2013). New data
on human behavior from a 160,000 year old Acheulean occupation
level at Lazaret cave, south-east France: An archaeozoological
approach. Quaternary International, 316, 123-139.

van Asperen, E. N., & Kahlke, R.-D. (2015). Dietary variation and overlap in
Central and Northwest European Stephanorhinus kirchbergensis and S.
hemitoechus (Rhinocerotidae, Mammalia) influenced by habitat diver-
sity: “You'll have to take pot luck!” (proverb). Quaternary Science
Reviews, 107, 47-61.

Van Kolfschoten, T., Buhrs, E., & Verheijen, I. (2015). The larger mammal
fauna from the Lower Paleolithic Schéningen Spear site and its contri-
bution to hominin subsistence. Journal of Human Evolution, 89,
138-153.

Villa, P., & Mahieu, E. (1991). Breakage patterns of human long bones. Jour-
nal of Human Evolution, 21(1), 27-48.

Villa, P, Soto, E., Santonja, M., Pérez-Gonzalez, A., Mora, R., Parcerisas, J.,
& Sesé, C. (2005). New data from Ambrona: Closing the hunting versus
scavenging debate. Quaternary International, 126-128, 223-250.

Voormolen, B. (2008). Ancient hunters, modern butchers: Schéningen 13l1-
4, a kill-butchery site dating from the northwest European Lower
Palaeolithic. Faculty of Archaeology, Leiden University.

Yravedra, J., Dominguez-Rodrigo, M., Santonja, M., Pérez-Gonzilez, A.,
Panera, J., Rubio-Jara, S., & Baquedano, E. (2010). Cut marks on the
Middle Pleistocene elephant carcass of Aridos 2 (Madrid, Spain). Jour-
nal of Archaeological Science, 37, 2469-2476.

How to cite this article: Chen X, Moigne A-M. Rhinoceros
(Stephanorhinus hemitoechus) exploitation in Level F at the
Caune de |'Arago (Tautavel, Pyrénéés-Orientales, France) dur-
ing MIS 12. Int J Osteoarchaeol. 2018;28:669-680. https://
doi.org/10.1002/0a.2682



https://doi.org/10.1080/08912963.2017.1384476
https://doi.org/10.1080/08912963.2017.1384476
https://doi.org/10.1002/oa.2682
https://doi.org/10.1002/oa.2682
https://www.researchgate.net/publication/325600619

