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Mondeval de Sora is situated in the heart of the Dolomites (south-eastern Alps, Italy) at an altitude of
about 2150 m a.s.l.; this site represents a key deposit for the study of occupation and exploitation pat-
terns of mountain areas in the southern slope of the Alps during the early Holocene. This paper contains
the results of the study of the faunal assemblages coming from the Sauveterrian levels of sector I, located
under the side of the erratic boulder facing south-east. The faunal assemblages of I sector come from two
stratigraphic units (SSUU 8 and 31) and are characterised by a great variety of faunal resources: the most
represented species are red deer and ibex, the hunting of which was favoured by the optimal location of
the site, followed by a moderate quantity of chamois and roe deer. Wild boar is scarce and carnivores
(bear, wolf and fox) are rare. The taphonomic analysis of the faunal macro-remains have demonstrated
that the processing of animal carcasses, especially of red deer and ibex, were mostly carried out in the
site.

© 2016 Elsevier Ltd and INQUA. All rights reserved.
1. Introduction

This paper discusses the results of the recent archaeozoological
analyses carried out on the faunal assemblages from the Sauveterrian
(Early Mesolithic) layers of the mountain camp-site of Mondeval de
Sora, sector I (Belluno Dolomites, south-eastern Alps) and aims at
highlighting the strategies of animal resource exploitation and
contributing to the definition of settlement dynamics in the site.

In the south-eastern Alps several high altitude and valley-
bottom early Mesolithic sites have been discovered since the
1970s (Broglio, 1973, 1980, 1992). At the current state of research in
most cases only valley-bottom deposits have yielded complex
stratigraphical sequences and organic remains thanks to their
location under rock-shelters (Boscato and Sala, 1980; Clark, 2000;
Wierer and Boscato, 2006; Crezzini et al., 2014) while mountain
sites are most frequently open-air and characterized only by the
presence of lithic scatters, thus limiting the availability of elements
useful to a more systematic assessment of their functional role
(Fontana, 2011). Only a few exceptions can be quoted such as Grotta
d'Ernesto cave site (Awsiuk et al., 1991), La Cogola rock-shelter
(Dalmeri, 2004; Fiore and Tagliacozzo, 2004) and Plan de Frea,
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which is located under a large erratic boulder in the Dolomite area
(Angelucci et al., 1998) as Mondeval de Sora. The first two sites are
situated at around 1000m a.s.l. in the Pre-Alpine areawhile Plan de
Frea and Mondeval de Sora lie at around 2000 m a.s.l. in the inner
Alps and are therefore strictly comparable one to another.
2. The site

The site of Mondeval de Sora (San Vito di Cadore, Belluno),
which represents a key deposit for the study of mountain exploi-
tation systems in the Southern Alps during the early Holocene, is
located in the Belluno Dolomites at an altitude of approximately
2150m above sea level. Two different sectors (sector I and sector III)
have been explored, situated under the same large erratic boulder
(Fig. 1; Alciati et al., 1992; Fontana and Vullo, 2000; Fontana and
Guerreschi, 2003; Fontana et al., 2009b).

Sector I was excavated between 1986 and 1996. It was explored
over a surface of about 60 m2 allowing the identification of a
stratigraphic series with layers spanning from the ancient Meso-
lithic (Sauveterrian) to the modern age. It includes a recent Meso-
lithic (Castelnovian) burial accompanied by a rich set of grave goods
(Fontana, 2006) and some Bronze Age dwelling structures.

The Early Mesolithic (Sauveterrian) evidence includes a paved
area made of local tufa slabs (SU 14), delimited by an arrangement
of blocks of dolomite stones (SU 33) and a sub-circular structure,
ibex hunting at a seasonal base camp in the Dolomites: Mondeval de
.1016/j.quaint.2016.02.054
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Fig. 1. Mondeval de Sora VF1. Location of the site in northern Italy; Sector I is on the right of the erratic boulder.
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interpreted as a hearth (SU 32) (Alciati et al., 1992; Fontana and
Vullo, 2000; Peretto et al., 2004). Two anthropic layers covered
these structures being located respectively in the inner (SU 8) and
in the external part of the site (SU 31) and the latter underlying the
first one (Fig. 2). Stratigraphic Unit 8, is constituted by a 20 cm deep
layer, rich in charcoals, bones, and lithic artefacts and extended
about 18 m2 with a thickness that progressively increased toward
the outside of the shelter (from 5 cm to 20 cm); it covered the paved
area tufa slabs (SU 14), part of the arrangement of dolomite blocks
Fig. 2. Mondeval de Sora VF1. Explored a

Please cite this article in press as: Thun Hohenstein, U., et al., Red deer vs.
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(SU 33) and in some parts sterile layers. Its original extension has
been altered along the north side by levelling works of the ground
slope performed in historical times.

The lithic assemblage from SU 8 is composed of approximately
20,000 items (among which were 46 cores, 1391 retouched arte-
facts and 1206microburins) and is dominated by themost common
Sauveterrian typological elements such as microlith fragments,
triangles, backed points and crescents. The provenance of lithic raw
materials can be mostly traced within the Jurassic and Cretaceous
rea of SSUU 8 and 31 within sector I.

ibex hunting at a seasonal base camp in the Dolomites: Mondeval de
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formations cropping out along the pre-Alpine belt, about 20 km
from the site as the crow flies. Preliminary studies support that
these were mainly imported from the Piave valley-bottom within
an embedded procurement system by the groups that occupied the
area of Mondeval in the summer season. Strictly local Alpine cherts
(Livinallongo formation and local conglomerates) were also
exploited, along with hyaline quartz, the origin of which can be
traced further north in the metamorphic formations of the inner
Alps. The application of use-wear analysis to a sample of microliths
and tools has documented the presence of edge damage that could
be connected to hunting activities and animal carcasses processing
such as muscle mass removal and skin treatment. Some impact
traces have also been recognized on backed and truncated points
(Vullo et al., 1999; Fontana and Vullo, 2000; Guerreschi et al., 2002;
Fontana et al., 2009a). On the basis of the spatial analysis and the
technological study of the lithic assemblage SU 8 has been inter-
preted as “a complex multifunctional zone within a larger resi-
dential site, represented by the total area protected by the overhang
of the boulder” (Fontana and Vullo, 2000, p. 208).

Stratigraphic Unit 31, located in the external part of the site, was
constituted bya light brown sandy-siltymatrix and characterizedby
numerous faunal remains. Its extension was approximately 5.05
square meters and covered the dolomia blocks arrangement. The
lithic assemblage amounted to a total of 8680 artefacts but most of
them (6516) were smaller than 5 mm and 1330 totally burned and
therefore undeterminable. The spatial distribution showed a trend
towards the concentration of the finds in the outer part of this SU
with respect to the position of the boulder overhang in correspon-
dence of the area where the layer becomes thicker; however the
archaeological material did not present any particular distribution
within this SU that could suggest that specific activities had taken
place in this area of the site (Guerreschi et al., 2002). Stratigraphic
unit 31 has therefore been interpreted as the “result of the accu-
mulation of waste products which had been produced elsewhere, at
least as far as the lithic assemblage is concerned” (Guerreschi et al.,
2002); it is the result of a “chaotic” concentration of materials.

The chronological and cultural attribution of both levels and
structures were made on the basis of the techno-typological char-
acteristics of the abundant lithic industry and a radiocarbon date
obtained on a charcoal remain from SU 8 (9185 ± 240 BP, 11099-
9693 cal BC, GX-21788).

Pollen analysis carried out in the nearbyAlpe Fed�era (Soldati et al.,
1997) has allowed the presenceof awoodedenvironment dominated
by Picea-Pinus to be identified, which established starting from the
late Preboreal period and the beginning of the Boreal (Soldati et al.,
1997). Therefore, during the early Mesolithic the site was probably
situated in an area of transition between the open Alpine grassland
and the forest, near the tree-line. The position of the settlement thus
allowed the Mesolithic hunter-gatherers to exploit a wide variety of
resources offered by this ecotone (Fontana et al., 2009a).

3. Materials and methods

The faunal assemblages that have been analysed come from two
stratigraphic units of the Sauveterrian deposits of the I excavated
sector located under the side of the erratic boulder facing south-east
(Fontana et al., 2009a). The assemblages are characterised by a high
degree of fragmentation due to both anthropic activities and post-
depositional factors (Beherensmeyer, 1978; Lyman, 1994; Stiner
et al., 1995; Bennett, 1999; Outram, 2001). The archaeozoological
studies have been carried out by analysing the entire assemblages
and separating the unidentified remains for size classes wherever it
was possible. All the bone fragments were measured and osteo-
logical measurements were collected following Von den Driesch
(1976) also. Estimation of the age at death and age classes were
Please cite this article in press as: Thun Hohenstein, U., et al., Red deer vs.
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calculated on the basis of tooth eruption and use-wear of teeth. A
taphonomic analysis has been carried out on all the specimens in
order to define the preservation degree of the bone surfaces and to
distinguish the edaphic and anthropic modifications referring to
Beherensmeyer (1978), Beherensmeyer et al. (1986), Olsen and
Shipman (1988), Malerba and Giacobini (1993), Lyman (1994),
Giacobini (1995, 1996), Blasco et al. (2008), Domìnguez-Rodrigo
et al. (2009). Carnivore and rodent marks were distinguished
following to Binford (1981), Brain (1981), Giacobini (1995), Cilli et al.
(2000). Burnt boneswere recognized too (Bennett,1999; Asmussen,
2008). A stereo-microscope Leica S6D (6�e40� magnification),
with integrated digital camera EC3was used. A detailed observation
with a scanning electron microscope has been done on replicas of
the marks, produced with silicon moulds (Provil Novo ® Fast Light
Set, Heraeus Kulzer) and epoxy resin (Araldite ® LY554, Hardener
HY956). The identification of intentional fresh bone fracturing for
marrow extraction, post-depositional fractures and manufacturing
marks was done (Sadek-Kooros, 1972; Myers et al., 1980; Shipman
et al., 1984; Villa and Mahieu, 1991; Blasco Sancho, 1992; Lyman,
1994; Anconetani and Peretto, 1996; Peretto et al., 1996).

With regards to spatial analysis, the entire faunal database could
be associated with the excavation grid with the use of a GIS system
(QGIS 2.12.3 e Lyon). The recovery of materials during excavation
was carried out on squares measuring 1 m � 1 m. These squares
were further sub-divided into nine quadrants of 33 cm each
(numbered 1 to 9), which enabled a more detailed positioning of
the remains (Turrini et al., 2014, 2015). Then, distribution maps
were elaborated and processed, based on the quantile method.

4. The faunal assemblages of the I sector of VF1

4.1. The composition of the assemblage SU 8

The macrofaunal assemblage from SU 8 is composed of 83,711
remains. The 2284 specimens examined for this study consist of
identified remains and the unidentified fragments longer than 2 cm.
The identified specimens represent 26% of the sample. Regarding the
composition of the faunal assemblage, on the basis of the Number of
Identified Specimens and the Minimum Number of Individual
(Table 1), red deer is the most represented species, followed by ibex,
chamoisandroedeer. Someremainsofwildboarhavebeen identified,
while carnivores such aswolf, fox andbear, are scarce. The presence of
a tooth and a third phalanx of aurochs has been confirmed (Table 1).

Age at death has been estimated on the basis of the degree of
dental eruption and attrition, and on the state of ossification of long
bones, revealing that most taxa belong to adults, although some
young individuals are present in all the species identified, except
for the aurochs and the wolf.

Red deer is represented by 12 individuals: distributed over 4
juveniles and 8 adults while ibex is represented by 2 juveniles and 6
adults. The presence of deciduous teeth of red deer (4 left i2) and
ibex (2 D2 and 1 d3) can be attributed to young individuals of 12e16
months old, hunted in the late spring/beginning of summer.

As far as the composition of skeletal elements is concerned, red
deer and ibex are represented by almost all the anatomical ele-
ments, showing the introduction of whole carcass of these animals
into the site (Table 2). The under-representation of the post-cranial
skeleton of these animals is probably due to intentional bone
fracturing aimed at extracting the marrow.

4.2. The composition of the assemblage SU 31

The faunal assemblage from sector I SU 31 is composed of 33,051
faunal remains. Majority of the remains are unidentified fragments
smaller than 2 cm (89%), while only 3445 remains are longer than
ibex hunting at a seasonal base camp in the Dolomites: Mondeval de
.1016/j.quaint.2016.02.054



Table 1
Mondeval de Sora I sector VF1. Faunal composition of SU 8 and SU 31.

SU8 SU 31

Taxon NISP %NISP MNI NISP %NISP MNI

Canis lupus 1 0.16 1
Vulpes vulpes 1 0.16 1
Ursus arctos 11 1.85 2 6 1.48 1
Sus scrofa 12 2.02 2 2 0.49 1
Cervus elaphus 336 56.66 12 225 55.69 11
Capreolus capreolus 20 3.37 5 6 1.48 1
Cervidae 2 0.32 65 16.08
Capra ibex 153 25.9 8 65 16.08 4
Rupicapra rupicapra 31 5.22 3 11 2.72 1
Capra sp. 24 4.02 4 15 3.76
Bos primigenius 2 0.32 1
Bovidae 9 2.22
Total identified 593 100 39 404 100 19
Large sized Ungulata 115 99
Medium sized Ungulata 32 25
Small sized Ungulata 23 30
Ungulata 99 372
Total Ungulata 269 526
Total 862 930
Unidentified > 2 cm 1422 2515
Total remains > 2 cm 2284 3445
Unidentified < 2 cm 81,427 29,606
Total remains 83,711 33,051
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2 cm and could be examined for this study (Rinaldi, 2010). The
identified remains are 404 in total and amount to 27% of the
sample. The remains determined only at anatomical level are
mainly teeth, limb bones (in particular metapodia), carpals and
Table 2
Mondeval de Sora I sector VF1. Frequency of anatomical elements, minimum number of ele
(eNE) and survival index (MNE/eNE) for red deer and ibex.

SU8

Cervus elaphus Capra ibex

NISP MNE MNI eNE MNE/eNE NISP MNE MNI eNE MN

Antler 10 1 1
Horn
Skull 5 1 1 12 0.08
Mandible 3 2 2 24 0.08
Deciduous teeth 27 22 4 3 3 2
Upper teeth 106 75 6 29 27 4
Lower teeth 118 83 8 71 53 6
Teeth undet. 4
Atlas/Epistropheus 1 1 1 24 0.04
Scapula 2 2 2 16 0.1
Ribs
Humerus 2 2 2 24 0.08 1 1 1 16 0.0
Radius 2 2 2 24 0.08 1 1 1 16 0.0
Ulna 1 1 1 24 0.04
Carpals 10 10 3 144 0.06 10 8 2 96 0.0
Metacarpals 1 1 1 24 0.04 1 1 1 16 0.0
Innominate
Femur
Patella 1 1 1 24 0.04 2 2 2 16 0.1
Tibia 1 1 1 24 0.04 1 1 1 16 0.0
Fibula
Malleolus
Tarsal 5 5 2 72 0.06 3 3 1 48 0.0
Astragalus 3 3 2 16 0.1
Calcaneus 3 3 2 24 0.12
Metatarsals 1 1 1 24 0.04
Metapodials 1
I phalanx 11 6 1 96 0.06 11 8 1 64 0.1
II phalanx 13 8 1 96 0.08 8 5 1 64 0.0
III phalanx 10 4 1 96 0.04 7 3 1 64 0.0
Vestigial phalanx
Sesamoids
Total 336 220 12 153 113 8
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phalanges. Teeth represent more than 60% of the identified speci-
mens. Fragments of ribs, vertebrae and pelvis are less represented.

The assemblage appears to be composed almost exclusively of
ungulates and among them red deer is the most frequent species
ments (MNE), minimum number of individuals (MNI), expected number of elements

SU 31

Cervus elaphus Capra ibex

E/eNE NISP NME MNI eNE MNE/eNE NISP MNE MNI eNE MNE/eNE

4 1 1
1 1 1 8 0.12

1 1 1 11 0.09
5 3 2 22 0.13
8 6 2

65 48 9 14 12 2
53 42 5 15 11 4
21 1
2 1 1 11 0.09

2 3 2 1 8 0.25

6 5 3 2 22 0.13 3 1 1 8 0.12
6 1 1 1 22 0.04

1 1 1 22 0.04
8 7 7 2 132 0.05 7 7 2 48 0.14
6 6 3 2 22 0.13

1 1 1 8 0.12
7 4 4 22 0.18 3 2 1 8 0.25

2
6 7 5 4 22 0.22 3 2 2 8 0.25

1 1 1 8 0.12
6 2 2 1 66 0.03
8 1 1 1 22 0.04

2 2 1 22 0.09
6 5 3 22 0.22 4 2 1 8 0.25

2
2 5 3 1 88 0.03 2 1 1 32 0.03
7 6 4 1 88 0.04 2 1 1 32 0.03
4 2 2 1 88 0.02 3 1 1 32 0.03

5 5 1
3 3 1

225 153 11 65 45 4

ibex hunting at a seasonal base camp in the Dolomites: Mondeval de
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Table 3
Mondeval de Sora I sector VF1. Frequency of the different categories of bone surface
modifications.

Edaphic modification NR > 2 cm SU 8 TNR 2284 SU 31 TNR 3445

NR %TNR NR %TNR

Rodent marks 20 0.8 9 0.3
Carnivore gnawing 4 0.2 14 0.4
Root etching 106 4.6 251 7.3
Weathering 174 7.6 132 3.8
Erosion 102 4.5 235 6.9
Exfoliation 23 1.0 63 1.8
Anthropic modification NR > 2 cm
Burned 74 3.2 183 5.3
Cut-marks 79 3.4 32 0.9
Scraping 3 0.1 6 0.2
Intentional bone breakage 208 9.1 465 13.5
Notches 19 0.8 19 0.5
Percussion cones 153 6.7 35 1.0
Flake scars e e 3 0.1
Detachment 81 3.5 18 0.5

U. Thun Hohenstein et al. / Quaternary International xxx (2016) 1e10 5
followed by ibex (Table 1). If the remains attributed to large and
medium sized ungulates are included, the frequencies of both red
deer and ibex consequently increase and therefore, they represent
the most hunted preys. Hunted animals also included chamois and
roe deer. Among the other identified species, there are brown bear
(6 remains) and wild boar (only 2 remains).

Considering the ageat death of the twomost represented taxa, all
age classes have been recognized for red deer while only juveniles
and adults for ibex. Wild boar is attested to solely by juveniles (1e2
MNI, 6e12months; Table 1) and other taxa similarly, only by adults.

In the case of red deer, body part representation indicates that
almost all the elements are represented, suggesting that whole
carcasses were introduced into the site.

Antler, skull and mandible fragments are present but complete
and isolated teeth are the most represented element (Table 2; 65%
of red deer remains). Moreover, teeth have been broken by post-
depositional factors and many small fragments which were
recovered have been included in Cervidae. Majority of the teeth
belong to adults but several deciduous teeth and unworn molars
have been collected. Completely worn third molars are also pre-
sent. Documented teeth measurements revealed significant dif-
ferences in size attesting to the presence of large sized males and
small to medium sized females.

Few complete vertebrae have been preserved while the rest of
them are very fragmented. They have been included in the large
sized ungulate and unidentified remains.

The appendicular skeleton is represented by both elements of the
fore (20 remains) and hind (25 remains) limbs. Long bones are rep-
resented mainly by diaphyseal fragments (approximately 99) and by
epiphyseal portions (5 humeri,1 radius-ulna, 6metacarpals, 7 femurs,
7 tibiae and 6metatarsals), carpals (7) and tarsals (5), phalanges (18).
In terms of laterality, the right side slightly outnumbers the left one.

Age at death and minimum number of individuals have been
estimated based on upper molar teeth as they are the most
numerous with respect to the lower teeth and limb bones. Red deer
is represented by 11 individuals: distributed over 2 juveniles (left
upper D3), 7 adults (upper left third molar) and 2 senile (very worn
e upper left thirdmolar). The tooth wear suggests the presence of 2
one-year old individuals and 7 prime adults (3e6 years old), killed
at the beginning of summertime.

With regard to ibex, body part representation indicates that only
part of the carcasses were introduced into the site. Among the 65
identified remains, 48% are teeth. The only bones identified
comprise one fragment of scapula, carpals, metatarsals and pha-
langes. One fragment of horn has been recovered. The right side
elements dominate the left ones.

Totally, 25 remains attributable to medium sized ungulates
could be referred to ibex (7 fragmented teeth; pelvis (1); diaphyses
of femur (3), humerus (3), tibia (4), and metapodium (4) (Table 1).

Age at death and minimum number of individuals have been
calculated based on right lower third molar which allowed to es-
timate 4 adults.

The presence of juveniles, for red deer (one-year old individuals)
and wild boar (6e12 months), suggests that the site was occupied
from the late spring and during the summertime. During this sea-
son, the red deer, a species typically linked to wooded environ-
ments, usually migrates to forests located at higher altitudes.

4.3. Taphonomical analysis (SSUU 8 and 31)

Taphonomical analyses have been carried out in order to
investigate anthropic modifications and to distinguish them from
those produced by other factors (Table 3).

The assemblages are characterized by a high degree of frag-
mentation caused by both anthropic activity and post-depositional
Please cite this article in press as: Thun Hohenstein, U., et al., Red deer vs.
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factors. Evidence of exfoliation, erosion and weathering cracks has
been recognised on the bone surfaces. A fair number of remains are
impacted by root-etching, especially in SU 31 (Table 3). Rodent and
carnivore marks are rare in both the SSUU, revealing their occa-
sional occupation of the site. However, they could have contributed
to the dispersal of the osteological remains.

Despite the high fragmentation of the bones, the degree of
preservation of the bone surfaces is fairly good and has enabled
recognition of cut-marks related to slaughtering.

Within the bone samples analysed, fragments yielding butchery
marks amount to about 3.4% of the total number of remains in SU 8
and 0.9% in SU 31 (Table 3). On several remains cut-marks, which
suggest that butchery probably occurred within the site, were
found. Most cut-marks were observed on unidentified specimens,
especially on shaft fragments. Regarding the animal carcass
exploitation, it was not possible to assess the stages of the butchery
process for any species because of the low number of identified
remains with diagnostics traces. The exploitation of the carcasses
seems rather intensive and designed to recover all the components.
Nonetheless, skinning and disarticulation marks produced by the
sharp edge of a lithic tool have been detected on a few remains of
red deer and ibex (scapula, humeri, phalanges, metapodia and
astragalus) in both the SSUU (Table 3) and on one femur diaphysis
of bear in SU 31. Cut-marks are present on 3 red deer (4.2% of NISP)
and 2 ibex (4% of NISP) remains in SU 8 and on 4 red deer and 3 ibex
remains in SU 31 (5.4% and 1.2% of NISP excluding teeth and antler/
horn) respectively. Cut-marks and scraping are present on a few
long bones of medium and large sized ungulates and can be
attributed tomuscle mass removal actions (Fig. 3). SEM analysis has
been carried out in order to identify the micromorphological
characteristics referable to the sliding edge of a lithic tool. Cut
marks are also found on the sesamoid and metapodia mainly
documenting actions of disarticulation.

Intentional bone fracturing is the best represented anthropic
modification as it is documented by the presence of notches, impact
points, percussion cones and cortical and medullar detachments
(Table 3). The high quantity of percussion cones in SU 8 confirms an
intensive intentional bone fracturing, which occurred at the site. A
fair amount of fragments, but also some of greater size, sometimes
bearing cut-marks, shows evidence of burning. Theymay have been
produced not only from food consumption, but also from waste
disposal. Burnt bones are well documented. Considering the faunal
assemblages coming from the two SSUU in their entirety, they
amount to 21% for SU 8 (NR 17,713) and to 15% (NR 4819) for SU 31.

Moreover, as it has been suggested by the discovery of a frag-
ment of a metapodium bearing numerous traces of longitudinal
ibex hunting at a seasonal base camp in the Dolomites: Mondeval de
.1016/j.quaint.2016.02.054



Fig. 3. Mondeval de Sora I sector VF1. Diaphyseal fragment of femur (A) with several cut-marks (B), analysed by SEM (C). Root-etching overlaps the cut-marks (B, C). Secondary
striations made by a lithic tool are visible inside the main sulcus (D). (AeB: bar scale 1 cm).
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scraping, bone processing operations probably also took place
inside the site. The fragment, scraped on three sides and almost
5 cm in length, could represent a manufacturing waste or may
have been part of an unfinished tool (Fig. 4). Moreover, numerous
fragments of burnt antler could be also related to hard animal
material manufacturing, involving use of fire for production of
tools or ornamental objects.

4.4. Spatial distribution

Spatial distribution of the faunal remains has been made for
both SSUU 8 and 31 and aimed to highlight any possible areas of
anthropic activity. Both SSUU present, in the different quadrants, a
Please cite this article in press as: Thun Hohenstein, U., et al., Red deer vs.
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variable thickness that increases from the inner to the outer part of
the site (Figs. 5 and 6).

This analysis shows a concentration of identified specimens in
the middle part of the SU 8 (Fig. 5) while the unidentified remains
are located in the surrounding zones with some concentration of
fragments smaller than 2 cm (Turrini et al., 2014, 2015).

The overall distribution of faunal remains of SU 31 points to a
substantially non-homogenous distribution within the analysed
areas: in areas with higher concentration of finds, the fragmenta-
tion is greater and the finds of less than 2 cm are more numerous
(Fig. 6).

This kind of fragmentation is not associated with fireplaces but
with post-depositional factors. In fact, burnt remains are invariably
ibex hunting at a seasonal base camp in the Dolomites: Mondeval de
.1016/j.quaint.2016.02.054



Fig. 4. Mondeval de Sora I sector VF1. Diaphyseal fragment with manufacturing marks (A). Intensive scraping is visible on both sides (B: stereo-microscope). Details of the scraping
with SEM (CeE). (AeB: bar scale 1 cm).
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found mixed with unburnt remains and seem to be derived rather
from the accumulation of waste resulting from the cleaning of
hearths (Turrini et al., 2015). They can thus be interpreted as an
accumulation of successive occupations over a course of time. The
distribution of remains with respect to edaphic processes allows to
state that the natural factors have acted with the same intensity on
both SSUU.

Regarding the distribution of various species present in the
assemblage, it was possible to carry out spatial analysis only on the
remains of deer and ibex. Other identified species did not find
particular relevance at the distribution level as their remains were
scarce in quantity.
Fig. 5. Mondeval de Sora I sector VF1. Distribution of the entire assem
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In fact, the distribution of deer and ibex remains follows the overall
distribution of faunal remains (Figs. 5 and 6). Concentrations, if any,
coincide with the quadrant where there is a higher frequency of re-
mains,which is influencedby the thicknessof the layer. Theanatomical
distribution of deer and ibex remains and that relating to carcass
processing (fractures and cut marks) were found in no significant ac-
cumulations. Instead, the presence of a large number of percussion
cones in the inner part of the site (153 in SU; Table 3), compared to
those found in the outer part of the site (35 in SU31; Table 3) suggests
that the fracturingof boneshad to takeplacebelowtheoverhangof the
boulder.Moreover,while the inner part appears to be rich in fragments
of small size and in epiphyseal portions (Fontana et al., 2009a), the
blage and identified faunal remains of red deer and ibex in SU 8.

ibex hunting at a seasonal base camp in the Dolomites: Mondeval de
.1016/j.quaint.2016.02.054



Fig. 6. Mondeval de Sora I sector VF1. Distribution of the entire assemblage and identified faunal remains of red deer and ibex in SU 31.
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external part, according to the spatial distributionmaps, alsopresents a
large number of intentionally fractured diaphyses found to be
concentrated mainly in some points. These concentrations could
therefore, likely, be represented by the larger remains of exploited
carcasses, thrown outside during slaughtering process.

5. Discussion and conclusion

Red deer is the most hunted taxon in both of the analysed SSUU
on the basis of the NISP and MNI, followed by ibex that is most
represented in SU 8 than SU 31 (Table 2).

The analysis of the survival coefficient (MNE/eNE, Table 2)
demonstrates the low presence of post-cranial elements due to the
high degree of fragmentation that has strongly affected both as-
semblages and it was not useful to interpret the carcasses exploi-
tation. Only teeth are well represented and allowed the estimation
of number of prey. Some qualitative observations can bemade since
among the large ungulate remains, a huge amount of ribs, vertebrae
and diaphyseal fragments, that could be referred to red deer, are
present. Medium sized fragments include mostly diaphyseal frag-
ments. This differential anatomical composition could document
the introduction of entire red deer carcasses and only portions of
ibex within the site documenting a major interest in red deer
hunting. Taphonomical analysis has revealed that changes in tem-
perature and humidity, combustion and trampling have strongly
influenced both the assemblages overlapping with intense traces of
intentional bone fracturing left behind by human activity in both
units. This allows to assert that the high degree of fragmentation of
the remains is mainly due to anthropic intervention. Such an
assertion is testified by the large number of percussion cones,
mostly in SU8, and various kind of repetitive fracture morphologies
recognized primarily on the first and second phalanges and shaft
fragments. The intensive exploitation of bones for marrow extrac-
tion, more attested in SU 31 than SU8, is confirmed by the fact that
Please cite this article in press as: Thun Hohenstein, U., et al., Red deer vs.
Sora, site 1, sector I, Quaternary International (2016), http://dx.doi.org/10
the epiphyseal portions represent the only identifiable part of long
bones in the analysed sample. On the one hand, burnt bones are
more frequent in SU8, localised in the inner part of the site where
hunter-gatherers lived and carried out their daily activities, such as
exploiting faunal resources. On the other hand, in SU31 burnt frag-
ments aremixed upwith unburnt remains and seem to be the result
of waste discard. Some general inferences can bemade in relation to
the exploitation strategies for the available resources. Archae-
ozoological analysis has, in fact, revealed that reddeer and ibexwere
the mostly hunted species, whereas to a lower extent but still sig-
nificant, were chamois and roe deer. The few remains of wild boar
and aurochs do not allow to formulate any plausible interpretation
about their presence but they could be interpreted as food pro-
visions transported from the valleys. The occupation of the site by
carnivores appears to be occasional because of the few traces left
and the few remains identified but bear could have been exploited
by hunters.

Body part representation suggests that entire carcasses of red
deer and ibex were introduced into the site and the absence of
some skeletal parts among chamois and roe deer remains may
either reflect a selective practice or could be the result of an intense
fracturing of long bones that prevent their recognition. Finally, the
presence of certain young individuals among ungulates (red deer
and wild boar) confirms the occupation of the site in the late
spring-summer season. It is therefore conceivable that during the
seasonal migration of red deer at higher altitudes, groups of
hunters followed the herds up to Mondeval where they settled,
further exploiting even other species such as ibex.

The data related to faunal remains integrates well with the data
obtained from the study of the lithic industry, which as far as SU 8 is
concerned, sees the predominance of functional tools for hunting
and processing of carcasses and animal hard materials (Fontana
et al., 2009). It is also reasonable to suppose that some subsis-
tence activities were conducted within the site, such as: slaughter,
ibex hunting at a seasonal base camp in the Dolomites: Mondeval de
.1016/j.quaint.2016.02.054
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manufacturing of tools and flint knapping, within an area, that
corresponds to SU 8. The same area was probably subjected to
systematic cleaning action which resulted in the movement of
larger fragments outside the site (SU 31).

Finally, results of these researches have demonstrated that
despite its residential role, which is testified by the presence of
dwelling structures and the high density of archaeological mate-
rials, this site shows a functional emphasis on activities attributable
or related to animal carcass provisioning and processing. The latter
belong mainly to red deer and ibex, the hunting of which was
favoured by the optimal location of the site, in the transition
zone between the alpine meadow and the upper limit of the
forest. In virtue of this favorable position, groups of hunter-
gatherers ascended to high altitudes during the spring and sum-
mer months so that they could exploit animals from different
ecological niches.
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