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A B S T R A C T

In this study, we present the mammal sample collected from Stratigraphic Unit 8 of the external excavation area 
of Grotta di Santa Maria di Agnano (Apulia, southern Italy). The material was collected during the 2011, 2015, 
and 2016 excavation seasons and it is described here for the first time. In this level, lithic tools consistent with 
the Gravettian techno-complex have been identified. Grotta di Santa Maria di Agnano is renowned for the Upper 
Palaeolithic burials, Ostuni 1 and Ostuni 2, found inside the cave and dated between 29,495–28,766 years cal BP 
and 27,809–27375 years cal BP. Thousands of lithic tools, shells, and vertebrate remains have also been found 
during more than twenty years of excavations. These data provide valuable information about the terrestrial 
ecosystems of Mediterranean Europe at the end of the Pleistocene and human-animal interactions in the course of 
the period of dramatic climatic changes that occurred over the last 40,000 years. Finally, we compare this 
assemblage with other faunal assemblages recovered in Gravettian contexts across the Italian Peninsula, offering 
an overview of marked regional differences in climatic and environmental conditions reflected in the diversity of 
mammalian palaeocommunities.

1. Introduction

During the last 80,000 years, European terrestrial ecosystems were 
significantly affected by the global climatic cooling trend that began in 
the late Middle to Late Pleistocene, resulting in dramatic environmental 
changes (Ramstein et al., 1997; Kahlke, 2014). The climatic deteriora
tion culminated in the Last Glacial Maximum (LGM, MIS 2), profoundly 
impacting mammal palaeocommunities and terrestrial ecosystems. 
During the severe glacial episodes, forests retreated to refugia in 
southern Europe, replaced by open, steppe-like landscapes dominated 
by grasses, sedges, and hardy shrubs (Combourieu-Nebout et al., 2015; 
Sadori, 2018; Di Pasquale et al., 2020). These climatic and environ
mental changes recognized at the end of Pleistocene led to substantial 
changes in faunal composition, with the extinction of some large 
mammals, leading to an important loss in biodiversity of European 
mammalian palaeocommunities (Sommer, 2020). Some mammalian 

species adapted to new environments or shifted in their geographic 
ranges toward southern regions where temperate climates and wooded 
landscapes characterized fragmented refugia (Gliozzi et al., 1997; Pal
ombo, 2009; Masini and Sala, 2011; Sommer, 2020; Leonardi et al., 
2022). The spread of open environments, combined with the general 
cooling climatic trend, supported cold-adapted mammals such as woolly 
mammoths, woolly rhinoceroses, reindeer, and steppe bison at southern 
latitudes of the northern hemisphere (Kahlke, 2014 and reference 
therein). These cold adapted mammalian species of the Eurasian Late 
Pleistocene are commonly known as “Mammuthus-Coelodonta faunal 
complex” (Chow et al., 1959; Kahlke, 1994, 1999, 2014).

In the Italian Peninsula, which primarily extends along the lat
itudinal axis, the climatic instability of the Late Pleistocene was reflected 
in the pronounced regional differences creating heterogeneous climatic 
and environmental conditions (Sala, 1983; Gliozzi et al., 1997; Masini 
and Sala, 2011; Manzi et al., 2011).
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These regional climatic differences, especially at the end of the Late 
Pleistocene, resulted in asynchronous mammal dispersal events (Gliozzi 
et al., 1997; Masini and Sala, 2011). The Italian fossil record of the Last 
Glacial (MIS 5d-2) is mainly represented by fossils collected at archae
ological sites, where the human presence is documented through arte
facts of Middle and Upper Palaeolithic provenance. Examples are Arene 
Candide (Cassoli and Tagliacozzo, 1994a), Grotta della Cala (Boscato 
et al., 1997), Grotta Paglicci (Sala, 1983; Boschin et al., 2018,2019) 
Grotta della Serratura (Boscato et al., 2005), Riparo Fumane (Cassoli 
and Tagliacozzo, 1994b), and Riparo Mochi (Tagliacozzo et al., 2012). 
The paleontological record from these deposits is primarily examined 
from a zooarchaeological perspective, as the remains are often highly 
fragmented due to human exploitation of animal carcasses. This aspect 
significantly limits the study of the “Mammuthus-Coelodonta faunal 

complex” in the Italian Peninsula. However, some genera representa
tives within this cold-adapted assemblage were not found in this terri
tory (e.g., Saiga, Ovibos) (Sala et al., 1992; Gliozzi et al., 1997), whereas 
others were poorly documented and frequently only in the northern 
areas of the peninsula (e.g, Alces alces; Sala et al., 1992; Gliozzi et al., 
1997; Sala, 2005), or only in western side of the southern areas of the 
peninsula (e.g., Bison priscus; Spagnolo et al., 2020).

Of considerable interest is the faunal assemblage found at the site of 
Cardamone (Lecce, Apulia) biochronologically attributed to the climax 
of the Last Glacial Maximum (22–18 ka), mainly based on the presence 
of the woolly mammoth and the woolly rhinoceros (Rustioni et al., 
2003). The mammalian record of Cardamone documents one of the 
southernmost occurrences of the “Mammuthus-Coelodonta faunal com
plex” in Europe, demonstrating the significant impact of climatic 

Fig. 1. Geographical position of Grotta di Santa Maria di Agnano-Esterno (Brindisi, Apulia) (a–b), its panoramic view (c), and the position of the outside area (d).
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changes during the Last Glacial. In addition to typical elements of the 
“Mammuthus-Coelodonta faunal complex”, the Cardamone mammals 
included species indicating more temperate climatic conditions, such as 
Bos primigenius, Equus ferus, and Cervus elaphus. This is not surprising 
given that the Italian Peninsula is considered one of the glacial refugia of 
Europe, where species adapted to temperate climate could persisted 
during cooler periods (Sommer and Nadachowski, 2006; Bhagwat and 
Willis, 2008; Provan and Bennett, 2008; Stewart and Cooper, 2008; 
Stewart et al., 2010).

Grotta di Santa Maria di Agnano (Ostuni, Apulia) was discovered 
during the 1960s by the ASER (Studies and Research Association; 
Associazione Studi e Ricerche in Italian). Systematic excavations of the 
site began in 1991 and lasted until 2019. In the long and well-preserved 
sedimentary succession, several funerary complexes have been discov
ered, notably the Upper Palaeolithic burials Ostuni 1 and Ostuni 2 
(Coppola, 1992, 2012; Vacca et al., 1992; Vacca and Coppola, 1993; 
Nava et al., 2017). These relevant findings immediately made Grotta di 
Santa Maria di Agnano a key-site for understanding human activity and 
their adaptation in Europe during the Late Pleistocene. The deposit 
shows evidence of human presence from the Middle Palaeolithic to 
recent times (Coppola, 2012; Coppola et al., 2017). Since 2007, exca
vations also took place outside the cave, where fossil remains and ar
tefacts dating to the Upper Palaeolithic have been recovered (Baills, 
2015; Coppola et al., 2017). To date, the stratigraphic succession of 
Santa Maria di Agnano – Esterno (SMA-esterno) consists of thirteen 
levels, pointing to human frequentation from the Gravettian to the final 
Epigravettian.

The aim of this research is to describe the mammalian faunal 
assemblage from the Gravettian level (Stratigraphic Unit 8, SU8) of the 
SMA-Esterno for the first time. The studied assemblage is then compared 
to other published faunal assemblages associated with Gravettian tools 
found in Italy in order to identify regional differences among mamma
lian palaeocommunities.

2. Stratigraphic, archaeological and palaeontological setting

Grotta di Santa Maria di Agnano is located on the north-western edge 
of the Risieddi promontory, at the altitude of about 175 m (Fig. 1). The 
Murge cliffs are composed of two Cretaceous formations: the Ostuni 
limestone formation and the Altamura Formation. Grotta di Santa Maria 

di Agnano opens at the contact of these different Cretaceous Formations 
(Coppola, 2012; Parise, 2012; Parise and Pepe, 2016). The Santa Maria 
di Agnano – Esterno (SMA-Esterno) excavation zone is situated outside 
the cave, near the current entrance, and covers an area of 21 square 
metres. However, the Gravettian occupation was only excavated over a 
small area of 3 square metres, corresponding to grid squares b3, c3, and 
d3 (Fig. 2).

2.1. Stratigraphic sequence

The complete stratigraphic sequence currently includes at least 
thirteen levels (SU, Stratigraphic Unit; Fig. 2). The bottom of the cultural 
deposits corresponds to SU13, a clay formation containing no limestone 
blocks. SU12 lays directly on top of SU13, containing a few heavily 
eroded blocks with rounded fractures encased in clay identical to that of 
SU13. The faunal remains exhibit very dark surfaces, a coloration 
probably linked to the presence of manganese in the sediment. SU11 is a 
sub-angular limestone gravel. The size of the clasts varies between 5 and 
10 cm, embedded in a brown-orange clay matrix. SU10 is a brownish 
clay, about 30 cm thick, containing numerous faunal remains associated 
with lithic artefacts. SU9 is a disorganized deposit of medium-sized 
blocks between 70 cm and 150 cm, encased in a brownish clay matrix 
(40 cm thick). This level was dated to 27,135–26,446 cal BP (Fig. 3; 
Table 1). SU9 is covered by a brownish clay-sandy sediment, 10 cm thick 
(SU8), dated to 28,463–27,787 cal BP (Fig. 3; Table 1). Numerous faunal 
remains and tools culturally attributable to the broad sense of the 
Gravettian were unearthed in SU8.

SU7, with a thickness of 10 cm, is a brownish clay with a few thin 
intercalated layers of possible tephra. This layer is covered by SU6, a 
reddish-brown clay containing small clasts between 2 and 8 cm in size 
and a thickness of 15 cm. SU6A is a reddish clay deposit containing 
numerous medium-sized clasts between 2 and 8 cm. This level was dated 
to 19,881–19,560 cal BP (Fig. 3; Table 1). This filling layer is covered by 
SU5, a chaotic deposit of large blocks between 100 cm and 150 cm in 
size, corresponding to the collapse of the original porch. SU4C is a 
grayish-reddish clay formation (50 cm thick), dated to 18,725–18,288 
cal BP (Fig. 3; Table 1). This level is overlain by SU4B, a lenticular 
reddish clay of variable thickness (averaging 10 cm thick). SU4A, a 
reddish-gray clay deposit, caps the filling (50 cm thick). The top of SU4A 
was dated to 11,698–11,248 cal BP, placing it at the onset of the 

Fig. 2. Planimetry and stratigraphic sequence of the Grotta di Santa Maria di Agnano-Esterno. Orange stars indicate the position of the sample dated with radio
carbon method. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)
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Holocene. (Fig. 3; Table 1).

2.2. Archaeological context

In the lower part of the filling, SU13-12, lithic tools have been found, 
but their study is still in progress. From SU11 to SU6, the lithic industry 
consists of 526 tools attributed to the Gravettian (Baills et al., 2021). 
This is particularly the case for the corpus from SU8 to SU6B, attributed 
to a late or evolved phase of the Gravettian, while the industry collected 
in SU11 to SU10 has been linked to an earlier phase of the Gravettian 
(Baills et al., 2021). The tools are mainly made from laminar or lamellar 
blanks. Among these, backed points and backed pieces dominate the 
assemblage. In the vast majority of cases, backed points, or Gravette 
points, are shaped by deep straight retouching. They can also exist as 

Vachons points with characteristic flat inverse retouch at their ends. 
These prototypes can be double pointed. A significant number of backed 
points were made from blanks morphologically resembling burin spalls. 
These prototypes are quite easily distinguishable from their straight 
counterparts made from lamellae with a central ridge produced by 
debitage. Those made from spalls are distinguished by their strong 
equilateral section. Their thick section may have made them more 
robust than their lamellar counterparts. In general, burins are the most 
represented tool in all Gravettian levels of SMA-Esterno. The two most 
frequent types are the burin on a break and the burin on a truncation. 
They can sometimes be multiple or mixed. Dihedral burins exist but are 
numerically less significant. A few rare burins resemble the Raysse type 
with debitage developing on the ventral face of the core. Endscrapers are 
half as numerous as burins. The carinated or atypical carinated type 

Fig. 3. Bayesian modeling of all available dates from Santa Maria di Agnano plotted against the North Greenland (NGRIP) δ18Oice record and event stratigraphy; 
Greenland Stadial/Interstadial (GS/GI) cycles for the last 48 kyr BP (before 2000 AD). The large square brackets and OxCal v. 4.4 CQL2 keywords define the overall 
model exactly. Blue: human; magenta: faunal bone; green: charcoal.
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dominates the stock, but there are also flat endscrapers of good quality 
on retouched blades. Endscrapers can also be part of composite tools, 
such as the endscraper-point. Truncations, notches, backs with trunca
tions, and denticulates are present in the tool corpus but are rare. Points 
are also rare. Thick retouched blades reminiscent of Aurignacian pro
totypes are also found. This same retouching is used to shape distal 
scrapers on flakes. Finally, a few notched tools complete this lithic se
ries. Despite its relatively small size, this Gravettian lithic assemblage is 
quite easily distinguishable from the one found in the overlying Epi
gravettian levels, which comprise US6A to US4A. These upper levels, 
which have yielded an important lithic series of 3985 tools, are not the 
focus of this brief presentation and have been reported in previous 
publications (Baills, 2015, 2021, 2022).

A micromorphological analysis carried out on sediments dating to 
the Epigravettian levels revealed the presence of bone and shall frag
ments as well as charcoals, providing further evidence of anthropic ac
tivity in this deposit (Chakroun et al., 2018; Baills and Coppola, 2023).

2.3. Zooarchaeological data

A preliminary zooarchaeological study has been published for the 
SU8 uncovered during the excavation campaigns directed by one of the 
authors (HB) between 2007 and 2019 (Baills et al., 2021). The anthro
pogenic accumulation is the result of several seasonal occupations, at 
least one of which took place in autumn, according to the presence of the 
long bone of a horse foetus. The faunal spectrum is represented by 10 
species of meso/macrofauna. The horse (E. ferus)/aurochs 
(B. primigenius) pair clearly dominates the bone assemblage in terms of 
the number of remains and individuals, with 13 and 9 specimens 
respectively. Adults are more common in these two species than juve
niles, which are under-represented. Among the ungulates, the secondary 
taxa are red deer (Cervus elaphus, MNI = 3), wild boar (Sus scrofa, MNI =
2), and ibex (Capra ibex, MNI = 1).

The Gravettian humans practised hunting focused on adult horses 
and aurochs in the vast plain bordering the Adriatic Sea to acquire 
various meat resources. The presence of numerous butchering marks on 
the skeletal elements bears witness to filleting, and carcass disarticula
tion in order to consume the meat. In addition, bone fracturing, 
particularly of long bones, is consistent with a systematic marrow 
exploitation. The Gravettian humans probably first processed the car
casses at the killing site and then transported large sections to the site. 
However, the selection of elements transported was more restrictive in 
the aurochs than in the horse, according to the frequencies recorded for 
elements of the axial skeleton and the basipodial bones. Other ungulates 
present near the site, such as deer, wild boar, and ibex, were occasion
ally preyed upon by human populations, perhaps on the Risieddi 
promontory surrounding the site. It should be noted that the systematic 
fracturing of bones (axial skeleton, epiphyses of long bones, diaphysis, 
short bones, and phalanges) expressed in the study of bone survival and 
the proportions of unidentified material could mean that bone fat was 
exploited, perhaps by boiling or destruction, rather than being used as 
fuel (Baills et al., 2021).

3. Materials and methods

The fossil material described here, currently housed in the “Museo di 
Civiltà Preclassiche della Murgia meridionale” (Ostuni, Apulia), was 
found during the 2011, 2015, and 2016 excavation campaigns. The 
studied assemblage was recovered in SU8 and was marked by a different 
acronym: SMA-E\2011- for the material excavated during the 2011 field 
season; field labels/numbers (b2\-, c1\-,c2\-, c3\-, d2\-,d3\-) corre
spond to the material excavated during the 2015 and 2016 field seasons.

Skeletal elements were identified to the closest taxonomic unit and 
remains, whether identifiable or not, were assigned to size-classes. Each 
postcranial element is assigned to an anatomical portion in order to 
evaluate the minimum number of elements (MNE). Minimum Number of Ta
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Individuals is estimated for dental and postcranial material to determine 
species abundance and the age structure of the main species are esti
mated on the basis of cheek teeth eruption sequences and dental wear 
stages.

The cortical bone surfaces were observed with the naked eye, a 
magnifying glass (x20) and a digital microscope in order to determine 
the impact of weathering or biological damage on the assemblage, such 
as that caused by climatic factors or human and carnivorous activities. 
The identification criteria follow those established in the scientific 
literature (e.g. Behrensmeyer, 1978; Binford, 1981; Lyman, 1994). Bone 
fracturing was analysed following the recommendations of Bunn (1983), 
Villa and Mahieu (1991), and Reitz and Wing (1999) concerning the 
morphology of fracture edges and the intensity of diaphysis fracture. The 
thermal modifications visible on the bones were documented by classi
fying them according to the degree of combustion and colour (Shipman 
et al., 1984).

For investigating possible chronological variability in fossil series 
from late Middle Pleistocene to Early Holocene sites of Apulia, biometric 
comparisons of selected taxa (Bos primigenius, Cervus elaphus and Canis 
lupus) have been carried out. We used boxplots of lower third molar 
length (M3L) for B. primigenius and lower fourth premolar length (P4L) 
for C. elaphus, and C. lupus.

For B. primigenius, the maximum meso-distal length above the root- 
crown junction of the lower third molar (M3L) was measured. In addi
tion to the best documented teeth in our sample, the M3 is easily 
distinguishable from the other lower molars, which makes it more 
reliable when using the literature data for comparison. As comparative 
material, we used the literature data from the following sites: Cava 
Spagnulo (Mecozzi et al., 2018), Fondo Cattìe (Corridi, 1987), Grotta del 
Cavallo level F (Sarti et al., 1998), Grotta Paglicci (Boscato, 1994), and 
Grotta delle Mura (Bon and Boscato, 1993). Biometric data for 
B. primigenius remains stored in the following institutions have also been 
collected: State Institute of Higher Education “Galilei-Costa-Scar
ambone” (GCS, Lecce, Cardamone), PaleoFactory laboratory, Depart
ment of Earth Sciences, Sapienza, University of Rome (PL, Rome, 
Avetrana 2–7, Avetrana 8, Grotta Romanelli and Melpignano – Cava 
Bianco), Italian Institute of Human Paleontology (IsIPU, Frosinone, 
Grotta delle Tre Porte and Grotta dei Giganti). We also considered 
subfossil samples of Bos taurus from Elvas-Kreuzwiese (Boschin, 2018) 
and Silves-lix (Davis et al., 2008).

For C. elaphus, we considered the material housed in the following 
institutions: PL (Grotta Romanelli, Ingarano, Melpignano – Cava Bianco, 
San Sidero 3, and Vieste) and IsIPU (Fondo Focone, Grotta dei Giganti, 
Grotta dei Ladroni and Grotta delle Tre Porte). For comparative pur
poses, literature data have also been included from the following: Fondo 
Cattìe (Corridi, 1987) and Grotta del Cavallo level F (Sarti et al., 1998). 
The extant material considered here is preserved at PL and Museo delle 
Civiltà (Rome).

For C. lupus, we used the P4 length since it is the most significative 
tooth for size comparison in the available sample. Fossil specimens from 
the following sites have been considered: Grotta Romanelli level G 
(Bertè, 2014; Sardella et al., 2014), Avetrana bed 8 (Mecozzi and Bar
tolini Lucenti, 2018), Cava Spagnulo (Mecozzi et al., 2018), and Grotta 
Paglicci (Boscato, 1994; Bertè, 2014). Biometric data on canid remains 
stored in the following institutions have also been collected: GCS (Car
damone), PL (Avetrana, Grotta Romanelli, Ingarano, Melpignano, San 
Sidero), and IsIPU (Grotta dei Giganti, Grotta delle Tre Porte).

The measurements of the studied materials have been taken with 
digital callipers to the nearest 0.01 mm, following von den Driesch 
(1976). The faunal assemblage coming from the SU8 of the SMA-esterno 
was compared with assemblages of other Gravettian sites of the Italian 
Peninsula, such as Arene Candide (Cassoli and Tagliacozzo, 1994a), 
Grotta del Rio Secco (Peresani et al., 2014), Grotta del Romito (Bertini 
Vacca, 2021), Grotta della Cala (Boscato et al., 1997), Grotta della 
Serratura (Boscato et al., 2005), Grotta di Roccia San Sebastiano 
(Belluomini et al., 2007), Grotta Paglicci (Sala, 1983; Boscato, 2004), 

Riparo Fumane (Cassoli and Tagliacozzo, 1994b), and Riparo Mochi 
(Tagliacozzo et al., 2012).

4. Results

4.1. General remarks

From 2334 fossils from SMA-esterno, 960 fossils have been taxo
nomically identified (Figs. 4 and 5; Table 2). The faunal assemblage 
from SMA-esterno is dominated by Equus ferus (62 % of the NISP). The 
aurochs is well represented, whereas the pachyderms are absent. The 
carnivores are very poorly represented in the analysed sample (ca.1 % of 
the NISP). In particular, Panthera pardus is represented only by two ju
venile specimens (Table 2). The taxonomic determination rate is high at 
41%. The largest part of the collection is highly fragmented, and only a 
few specimens were found in anatomical connection.

The sample is in good state of preservation, showing a slight 
brownish thin limestone crust on 5.6% of the material. Many unidenti
fiable specimens come from long bone shaft fragments of large size 
(bovids and equids) and medium size (cervids) ungulates. Traces of 
butchery have been found on the bones of the main ungulate species, 
particularly horses and aurochs. The striations mainly concern oblique 
and longitudinal incisions found on long bone shafts and rib fragments, 
testifying to the removal of soft tissue from the bone (Fig. 6; Table 2). 
Green bone fractures related to the extraction of marrow are widespread 
in the two main prey species (horse and aurochs), with helical fracture 
morphologies, oblique angles, and smooth edges. Sometimes, percussion 
impacts are clearly identifiable on the diaphysis. The frequency of this 
indicator is particularly high in aurochs (16.2%, Fig. 6; Table 3) due to 
the preferential anthropogenic transport of the most nutritious skeletal 
elements (stylopodials and zeugopodials). Damage caused by carnivores 
is scarce. A few bones show perforations, evidence of gnawing, or even 
gastric erosion, which may be compatible with the activity of small to 
medium-sized carnivores, such as wolves and foxes (Fig. 6; Table 3). 
Traces of rodents are even more exceptional, as only one horse sesamoid 
exhibits small parallel marks left by rodent incisors. Linear marks with 
smoothly rounded edges due to the development of plant roots on the 
cortical surface can be seen on ca.15% of the material, but they remain 
very limited and superficial (Table 3).

A small proportion of faunal material shows evidence of surface 
abrasions or weathering, such as exfoliation (visible on 6% of the ma
terial) or micro-fractures (on 17,5% of the material), excluding the long 
transport prior to the final deposition or a long-time exposure on the 
surface before burial. We can state that when this type of damage is 
present it is usually limited and not very invasive (Fig. 6; Table 3). 
Around 10% of the material shows slight deposit areas or coating of 
black oxide, probably manganese (Fig. 6; Table 3).

4.2. Systematic paleontology

Order Artiodactyla, Owen,1848

Family Bovidae, Gray, 1821

Subfamily Bovinae, Gray, 1821

Genus Bos, Linnaeus, 1758

Bos primigenius, Bojanus, 1827

The aurochs is well represented species in the assemblage (MNE =
81; Fig. 4; Table 2). The MNI calculated on postcranial elements (hu
merus) revealed the presence of nine individuals including at least one 
young. The largest part of the sample consists of portions of postcranial 
skeleton (particularly humerus, femur, and tibia shafts) but several 
upper and lower teeth are diagnostic (Table S1). The teeth display slight 
wear of the cusps, hence can be assigned to adult specimens.

The following morphological features can be identified: a well- 
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developed entostyle and a columnar and hypsodont appearance 
(swelling absent) of the upper molars in mesial and distal views; V- 
shaped enamel around the central cavity of both the upper and the lower 
molars in buccal view; two main lobes are more developed mesiodistally 
in the lower molars in occlusal view; in the lower third molar, presence 
of a small accessory stylid between hypoconid and hypoconulid in labial 
view, and obtuse angle between the hypoconid and hypoconulid in 
occlusal view. In mesial or distal view, the labial and buccal margins of 
the molars are sub-parallel. These features of teeth morphology are 
generally observed in Bos primigenius (Sala, 1986; Slott-Moller, 1990).

The fossil specimens from SMA-Esterno are large-sized, comparable 
with other aurochs remains from Late Pleistocene sites of Apulia, espe
cially with Cardamone, Fondo Cattìe, level F of Grotta del Cavallo, and 
Grotta Paglicci (Fig. 7). All samples of B. primigenius are larger than sub- 
fossil specimens of B. taurus. 

Subfamily Caprinae, Gray, 1821

Genus Capra, Linnaeus, 1758

Capra ibex, Linnaeus, 1758

Only four remains were found (MNE = 4; MNI = 1), representing one 
of the taxa less frequently found among the ungulates. The right teeth 

(M2 and M3) show a slight wear of cusps allowing their designation to a 
young adult individual. The crown of the second molar is sub-complete 
(the apical part of the mesostylid is missing), but the third molar is 
fragmented, leading to the loss of the basal part of the tooth and the 
hypoconulid (Table S2). The two lower molars show the buccal margins 
of hypoconid and protoconid pointed (appearing triangular in shape), a 
feature commonly observed in Capra ibex (Halstead et al., 2002). The 
lingual wall of the M2 has discrete stylids, whereas those of the M3 are 
narrow and more prominent, notably the metastylid. The metaconids 
and entoconids of the M2 are slightly dilated, separated by a wide, 
flattened valley and those of the M3 are thin and faded. In labial view, 
the protoconids and hypoconids form an asymmetrical relief that is 
offset distally. The conids are separated by a deep, narrow groove. The 
caprine fold is clearly visible in the upper mesio-labial part of the first 
lobe in the M3. 

Family Cervidae, Goldfuss, 1820

Subfamily Cervinae, Goldfuss, 1820

Genus Cervus, Linnaeus, 1758

Cervus elaphus, Linnaeus, 1758

This species is represented by a few remains in a good state of 

Fig. 4. Mammal remains from Grotta di Santa Maria di Agnano-Esterno: c2/20b-77, right hemimandible of Equus ferus; c2/20b-80 (a1-3), left hemimandible of Equus 
ferus (b1-3); SMA-E\2011–54, left hemimandible of Bos primigenius (c1-3); SMA-E\2011-C2-2, right hemimandible of Cervus elaphus (d1-3); b2/18-19-38, right lower 
second molar of Capra ibex (e1-3); SMA-E/2011–41, upper right second molar of Sus scrofa (f1-3); c2/20b-67, left hemimandible of Lepus corsicanus (g1-3). Fossils in 
labial (1), lingual (2) and occlusal (3) views. Scale bars 3 cm.
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preservation (MNE = 27; MNI = 3) (Fig. 4; Table 2). The postcranial 
material can be ascribed to adult individuals based on the complete 
fusion of the epiphyses. No (sub-)complete antler remains were 
discovered in the Gravettian level of SMA-Esterno. Only a point, a distal 
part of tine, can be attributed to Cervus (SMA-E\2011-C1-4). The P3 and 
P4 of the right mandibular fragment SMA-E\2011-C2-2, well preserved 
but very worn, are characteristic of the genus Cervus. In occlusal view of 
the P3, the parastylid is thin and not very prominent. The paraconid is 
poorly individualised and forms a wall which tends to flatten out with 
the parastylid. The metaconid is highly developed and extends strongly 
on the lingual side, outside a virtual parastylid/entostylid line. The 
valley between the paraconid and the metaconid is marked, forming a 
slightly asymmetrical V-shape. The entoconid is poorly individualised 
and develops obliquely to the long axis of the mandible. The valley 

between the metaconid and entoconid appears closed, forming an 
enamel island, due to the pronounced distal development of the meta
conid and the tooth wear. The entostylid rises perpendicular to the 
sagittal axis and joins the metaconid at the base of the crown. On the 
vestibular side, the protoconid is regularly curved in occlusal view. The 
boundary with the hypoconid is faintly marked by a very discreet 
groove. In occlusal view, the parastylid and paraconid of the P4 are 
unified. The presence of a small mesio-buccal enamel island shows that 
the parastylid was slightly detached from the paraconid at the apex of 
the crown when the animal was younger. The metaconid is broad, well 
individualised and lies within the virtual parastylid/entostylid line. The 
anterior wing of the metaconid is not very well developed, which leaves 
valley 2 wide open (P4 not molarised, unlike the pattern generally 
observed in red deer populations). The posterior wing of the metaconid 
is poorly developed but unites with the entoconid on this worn tooth, 
which closes valley 3 to form an enamel island. The entoconid initially 
develops perpendicular to the sagittal axis of the mandible in the buccal 
direction, then clearly obliquely in the distal direction. The entostylid is 
perpendicular to the long axis of the mandible. It tends to merge with the 
entoconid at the base of the crown on this worn tooth. On the labial side, 
the anterior wing of the protoconid is regularly curved. However, there 
is a very slight inflection on the anterior wall, and even a thin vertical 
groove, a remnant of the mesial cingulum. The hypoconid is separated 
from the protoconid by a well-defined groove. On postcranial elements, 
several morphological features of the metacarpal (split separating the 
lateral and medial epicondyles is well developed in posterior view and 
the posterior epicondyle crests are well elongated proximally in anterior 
and posterior views) and the first phalanx (the posterior border of the 
proximal articular surface is grooved) can be observed. According to 
Lister (1996), these features are clearly referable to the red deer. The 
biometric comparison of fossil and extant red deer shows that the length 
of the P4 of SMA-E\2011-C2-2 hemimandible from SMA-Esterno is the 

Fig. 5. Mammal remains from Grotta di Santa Maria di Agnano-Esterno: SMA-E\2011–72, right hemimandible of Panthera pardus (a1-3); SMA-E\2011–73, right 
hemimandible of Panthera pardus (b1-3); SMA-E\2011–69, left hemimandible of Meles meles (c1-3); SMA-E\2011–70, left hemimandible of Canis lupus (d1-3); SMA-E 
\2011–47, right upper first molar of Vulpes vulpes (e3). Fossils in (labial (1), lingual (2) and occlusal (3) views. Scale bars 3 cm.

Table 2 
Mammal remains from Grotta di Santa Maria di Agnano – Esterno. Abbrevations: 
NISP – number of identified specimens; MNE – minimum number of elements; 
MNI – minimum of the number individuals.

Species NISP %NISP MNE MNI

Equus ferus 599 62.4 228 13
Bos primigenius 261 27.2 81 9
Capra ibex 4 0.4 4 1
Cervus elaphus 69 7.2 27 3
Sus scrofa 15 1.6 12 2
Panthera pardus 2 0.2 2 2
Canis lupus 4 0.4 4 1
Vulpes vulpes 2 0.2 2 1
Meles meles 1 0.1 1 1
Lepus corsicanus 3 0.3 3 1
Total 960 34
Unidentified 1374
NRT 2334
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longest among the remains from late Middle Pleistocene and Early Ho
locene sites of Apulia, and extant specimens (Fig. 8). The dimensions of 
the tooth (length and breadth) reach the highest values found in several 
European Middle and Upper Pleistocene sites, as for example the Lazaret 
cave (Liouville, 2007), Arma delle Manie (Psathi, 2003), Combe-Grenal 
(Guadelli, 1987) and La Ferrrasie (Delpech, 1984). 

Family Suidae, Gray, 1821

Subfamily Suinae, Gray, 1821

Genus Sus, Linnaeus, 1758

Sus scrofa, Linnaeus, 1758

Few remains in a good state of preservation attested the presence of 
suids (MNE = 12; MNI = 2) (Fig. 4; Table 2). Among the sample, 
composed mainly of postcranial bone fragments, an upper right M2 was 
identified. The tooth is robust, bunodont, and brachydont, with a rect
angular shape in occlusal view. The four main cusps have a similar 
development, an accessory cusp is present between the mesial and distal 
cusps and a pentacone is distinguishable in the distal end of the tooth. 
The mesial and distal cingulum are present. These are clearly indicative 
of Sus scrofa (Iannucci et al., 2020). One distal end of tibia has a trap
ezoidal outline, with two marked but asymmetrical sub-parallel grooves. 
The lateral groove is wide, open, and quadrangular-shaped when viewed 
distally, while the medial groove is narrower, closed, and ellipsoid. This 
characteristic is typical of the distal tibia of suids. The fossils from 
SMA-Esterno were included in a large biometric comparison of suids 
from Apulia (Iannucci et al., 2020). The results of this work revealed that 
the size of Sus scrofa fluctuated during the Late Pleistocene, with the 
smallest specimens found during the glacial periods (MIS 4 and MIS 2). 

Order Perissodactyla, Owen1848

Family Equidae, Gray, 1821

Subfamily Equinae, Steinmann and Döderlein, 1890

Genus Equus, Linnaeus, 1758

Equus ferus, Pallas, 1775

The wild horse is the better represented species in the studied sample 
(MNE = 228) (Fig. 4; Table S3). The MNI calculated on right M1 and left 
P2 is 8 individuals (Table 2). The studied material is in a good state of 
preservation and is especially composed of mainly of long bones frag
ments (basipodial bones are under-represented) but isolated upper and 
lower teeth, complete or fragmented, are frequent contrary to the pat
terns observed in previous ungulates. The premaxillary and maxillary 
bones are fragmented and often constituted by the alveolar portions of 
the teeth. Based on the analysis of the dental wear and the fusion of the 
epiphyseal suture, the large part of studied specimens is assigned to 

Fig. 6. Taphonomic examples from Grotta di Santa Maria di Agnano-Esterno: a 
– cutmarks on a rib fragment (SMA-E/C2_21_36); b – Linear marks of plant roots 
and cracks on a right scapula of Bos, SMA-E/C3_21_110); c – oxide deposit area 
on a right upper fourth deciduous of Equus (SMA-E/C3_21_112); d – green bone 
fracture and percussion notches on a metapodial shaft of Equus (SMA-E/ 
B2_grav2806); e − carnivore modifications on a left mandible of Lepus corsi
canus (SMA-E/C2_20b_67); f – cracks on a right mandible of Equus ferus (SMA- 
E/C2_20b_77). All scale bars of 1 cm (except f.: 5 cm). (For interpretation of the 
references to colour in this figure legend, the reader is referred to the Web 
version of this article.)

Table 3 
Number of remains with anthropogenic and taphonomic damages from Grotta di Santa Maria di Agnano-Esterno. * remark: for anthropogenic, carnivore, and rodent 
modifications, percentages establish function of the number of remains without isolated teeth.

Species Biologic modifications Weathering, physical and chemical damages

Cut-maks * Bone breakage * Carnivore * Rodent * Roots Cracks Abrasion Exfoliation Oxide deposit

n % n % n % n % n % n % n % n % n %

Equus ferus 66 14.2 23 5 2 0.4 1 0.2 120 20 158 26.4 37 6.2 51 8.5 113 18.9
Bos primigenius 40 16.6 39 16.2 1 0.4 ​ ​ 69 26.4 88 33.7 14 5.4 23 8.8 32 12.3
Capra ibex ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 3 75 1 25 1 25 ​ ​
Cervus elaphus 2 3 2 3 1 1.5 ​ ​ 9 13 8 11.6 2 2.9 4 5.8 5 7.2
Sus scrofa 1 7.7 ​ ​ 1 7.7 ​ ​ 2 13.3 1 6.7 1 6.7 ​ ​ ​ ​
Panthera pardus ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 1 50 1 50 2 100 ​ ​
Canis lupus ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 1 25 ​ ​ 1 25 3 75
Vulpes vulpes ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
Meles meles ​ ​ ​ ​ ​ ​ ​ ​ 1 100 ​ ​ 1 100 ​ ​ ​ ​
Lepus corsicanus ​ ​ ​ ​ 1 33.3 ​ ​ ​ ​ 1 33.3 ​ ​ ​ ​ 1 33.3
Undeterminated 60 4.4 9 0.7 6 0.4 ​ ​ 141 10.3 148 10.8 40 2.9 58 4.2 76 5.5
Total 169 7.8 73 3.4 12 0.6 1 0.05 342 14.7 409 17.5 97 4.2 140 6 230 9.9
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Fig. 7. Box plot of the length of the lower third molar (M3 in mm) of Bos primigenius (in orange) from late Middle to Late Pleistocene Apulian sites, Bos primigenius 
(red) from Grotta di Santa Maria di Agnano, and Holocene samples of Bos taurus (in green). Abbreviations: CB – Cava Bianco - Melpignano; Mir – Mirigliano 
Collection Melpignano; GTP – Grotta delle Tre Porte; A72 – Avetrana beds 7-2; GGi – Grotta dei Giganti; A8 – Avetrana bed 8; CS – Cava Spagnulo; FC – Fondo Cattìe; 
GdC – Grotta del Cavallo; Car. Cardamone; GP – Grotta Paglicci; SMA – Grotta di Santa Maria di Agnano - Esterno; GdM – Grotta delle Mura; GR – Grotta Romanelli; 
EK – Elvas-Kreuzwiese; SL – Silves-lix. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)

Fig. 8. Box plot of the length of the lower forth premolar (P4 in mm) of Cervus elaphus from late Middle to Late Pleistocene Apulian sites (in orange), Cervus elaphus 
(red) from Grotta di Santa Maria di Agnano, and extant specimens (in green). Abbreviations: CB – Cava Bianco - Melpignano; SS3 – San Sidero 3; GTP – Grotta delle 
Tre Porte; Vie – Vieste; Ing – Ingarano; GdL – Grotta dei Ladroni; GGi – Grotta dei Giganti; FC – Fondo Cattìe; GdC – Grotta del Cavallo; SMA – Gortta di Santa Maria 
di Agnano - Esterno; FF – Fondo Focone; GR – Grotta Romanelli; Ex – Extant Cervus elaphus. (For interpretation of the references to colour in this figure legend, the 
reader is referred to the Web version of this article.)
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adult individuals. Morphologically, several characters can be detected in 
the upper premolars (P3-P4) and molars (M1-M2): a long and asymmetric 
protocone in mesostyle and parstyle of similar size, the pli caballin 
simplified and short; and a distally open post-protoconal on M3. On 
lower premolars (P3-P4) and molars (M1-M2), the lingual sulcus is U- 
shaped, the preflexide and the postflexide are well separated, the labial 
profile of the protoconid and the hypoconid is quite straight and the plie 
caballine (caballine fold) is present, but short. These features are 
generally observed in Equus ferus (Boulbes, 2009; van Asperen et al., 
2012; Boulbes and Gardeisen, 2018).

The wild horse sample from SMA-Esterno was studied by Mecozzi 
and Strani (2022), providing a large comparative analysis of fossil 
specimens from late Middle to Late Pleistocene sites of Apulia. The re
sults of this work revealed no statistically significative differences 
among the latest Middle Pleistocene to Early Holocene samples of 
E. ferus. 

Order Carnivora, Bowditch, 1821

Family Mustelidae, Fischer von Waldheim, 1817.

Subfamily Melinae Bonaparte, 1838

Genus Meles, Brisson, 1962

Meles meles, Linnaeus, 1758

This species is mainly represented by a well preserved hemimandible 
(SMA-E\2011–71) (Fig. 5; Table 2). It is in a very good state of preser
vation, even though the incisors and the canine are not preserved, and 
the P1 is broken at the level of the root-crown junction (Table S4). In 
lateral view, the mandibular corpus has a slightly convex ventral profile 
with an inflexion point at the distal end of M2. It displays a large mental 
foramen at the level of the M2. The mesial border of the masseteric fossa 
does not reach the distal border of M2. The angular process is small and 
slender, whereas the angular ramus is low. The P1 is monocupsed, and 
smaller in size than the other premolars. The P2 and the P3 display an 
asymmetrical and mesially directed protoconid and a weakly marked 
distal cingulum. The P2 roots are unfused. The P4 shows a symmetric and 
stouter protoconid, with mesial and distal cingula weakly marked. The 
M1 has the talonid relatively longer than trigonid. The procotonid is 
mesiodistally elongated, whereas the paraconid is larger than the met
aconid. Even if the talonid shows an advanced wear of cusp, the hypo
conid and the entoconid seem to be larger than both the entoconulid and 
hypoconulid. The distal cingulum is quite marked, and it connected the 
entoconulid to the hypoconulid. The M2 shows a rounded occlusal 
outline, with a deep talonid basin and a marked and continuum 
cingulum along the margin of the teeth. These features are generally 
observed in Meles meles (Baryshnikov et al., 2003; Mecozzi, 2022). The 
SMA-E\2011-71 was also studied by Mecozzi (2022), which carried out 
a large morphological and biometric comparison of the M. meles record 
from the Italian Peninsula. 

Family Canidae, Fischer von Waldheim, 1817

Subfamily Caninae, Fischer von Waldheim, 1817

Genus Canis, Linnaeus, 1758

Canis lupus, Linnaeus, 1758

This species is the best representative carnivoran of this fossiliferous 
deposit (MNE = 4) (Fig. 5; Table 2). The SMA-E\2011-69 specimen 
shows a highly advanced wear of the cusp, whereas the sutures of the 
postcranial remains are completely fused. Based on this observation, the 
canid sample can be assigned to an adult individual. The most diagnostic 
is partial hemimandible SMA-E\2011–69 (Table S5). The mandibular 
profile is quite straight in lateral view, with three foramina: the first at 
the level of the P2; the second between the P2-P3; the third at the level of 
the P3. The P3 is elongated mesiodistally, with an asymmetric protocone 
mesially directed. No accessory cusps or distal cingulum are detected. 

The P4 is mesiodistally elongated, with a symmetric protocone, a marked 
distal accessory cusp and distal cingulum cusp-shaped. The morphol
ogies fall in those generally observed in extant and fossil Canis lupus (e. 
g., Sardella et al., 2014; Mecozzi and Bartolini Lucenti, 2018). Bio
metrically speaking, the length of P4 of the SMA-E\2011-69 falls in the 
variability of the sample from Avetrana bed 8, and is similar to the 
largest specimens from Cardamone (Fig. 9). 

Genus Vulpes, Linnaeus, 1758

Vulpes vulpes, (Linnaeus, 1758)

The red fox is rare in the deposit (MNE = 2) (Fig. 5; Table 2). In the 
sample, a right M1 SMA-E\2011-47 was identified (Table S6). The 
occlusal surface of M1 is partially encrusted by brownish patina. The 
tooth is elongated buccolingually, and relatively mesiodistally short. 
The metacone and the paracone have a similar size, and the buccal 
cingulum is quite marked. The lingual cingulum is also quite marked and 
the hypocone is well developed. These features are clearly indicative of 
V. vulpes (e.g., Szuma, 2003, 2004, 2007, 2011; Madurell-Malapeira 
et al., 2021). 

Family Felidae, Fischer von Waldheim, 1817

Subfamily Pantherinae, Fischer von Waldheim, 1817

Genus Panthera, Oken, 1816

Panthera pardus, Linnaeus, 1758

The leopard is documented by two hemimandibles, SMA-E\2011-71 
and SMA-E\2011–72, belonging to young individuals (MNI = 2) (Fig. 5; 
Table 2). Both specimens possess deciduous teeth, the Dp2 and Dp3 
(Table S7). The Dp2 displays a symmetric protoconid with marked 
mesial and distal accessory cusps and a marked distal cingulum. The Dp3 
has an asymmetric protoconid distally directed, with a large mesial cusp 
and a marked distal accessory cusp. Size and morphology of these re
mains resembles that of the extant specimens of Panthera pardus (e.g., 
Diedrich, 2013; Sauqué and Cuenca-Besćos, 2013). 

Order Lagomorpha, Brandt, 1855

Family Leporidae, Gray,1821

Subfamily Leporinae, Trouessart, 1880

Genus Lepus, Linnaeus, 1758

Lepus corsicanus, De Winton, 1898

Only three remains can be ascribed to this species (MNE = 3) (Fig. 4; 
Table 2). The left hemimandible has a long diastema, with a mental 
foramen located at the level of the mesial border of the P3. In the P3, the 
crenulations in the hypoconid are absent and the paraflexid in the 
antero-lingual edge of the tooth is absent. These features are generally 
observed in Lepus corsicanus, differing from those observed in Lepus 
timidus and Lepus europaeus (Callou, 1997; Vismara, 2012).

5. Discussion

5.1. Paleoenvironmental implications

Pollen analyses conducted at Santa Maria di Agnano (inside and 
outside the cave) indicated the existence of open lowlands, charac
terised by the prevalence of steppe and grasslands, interspersed with 
occasional mesophilous and thermophilous trees during the Late Glacial 
(Renault-Miskovsky et al., 2011, 2015). In particular, palaeobotanical 
analyses were carried out on sediments collected from the Ostuni 1 
burial, which was dated at 27,809–27,375 years cal BP (Table 1). This 
chronological bracketing is quite similar to SU8 of SMA-Esterno, (28, 
463–27,787 years cal BP). Pollen data from the Ostuni 1 burial revealed 
cold and dry climate and steppe environment (Renault-Miskovsky et al., 
2011, 2015). Another environmental information from Santa Maria 
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d’Agnano is provided by δ13C values obtained from radiocarbon mea
surements. Generally speaking, carbon isotope values higher than 
− 22.5 ‰ indicate open environments or lack of woodland covers 
(Stevens et al., 2008; Drucker et al., 2011). Four of five measurements at 
SMA-Esterno were carried out on charcoals, whose δ13C could be altered 
during the burning activity (Philippsen et al., 2019). The δ13C value of 
the undetermined bone from SU 8 is − 15.4 ± 0.5 ‰ (LTL, 1811A), and, 
although limited in scope, it indicates the presence of open 
environments.

Similar results were obtained in the study of the palae
oenvironmental and palaeoclimatic context of Grotta Paglicci (northern 
part of the Apulia), which added significant data on the Late Glacial of 
Mediterranean Europe (Berto et al., 2017). Based on the study of 
micromammals, the authors stated that in the lower part of the succes
sion (levels 24-17, dated from 34,925 to 32,007 years cal BP and 22, 
384–20,932 years cal BP, Huertas et al., 1997; calibrated with the online 
software OxCal v. 4.4.4), the landscape was mainly open with dry 
meadows and scarce forest areas. The analysis of the large mammals 
from Grotta Paglicci also confirmed this interpretation, supporting a 
long persistence of open environment (steppes and forest steppes) from 
the Aurignacian up to the final Epigravettian (Boschin et al., 2018). The 
climatic impact on terrestrial ecosystems at the end of the Late Pleis
tocene in Apulia is therefore quite evident, with the dominance of open 
environments.

The zooarchaeological analyses carried out here suggest that nearly 
the complete faunal sample of SMA-Esterno is the result of human 
exploitation of animal carcasses, commonly documented in the Euro
pean Upper Palaeolithic anthropogenic contexts. As is well-documented 
in the literature, Palaeolithic humans were skilled hunters capable of 
capturing fish, birds, and mammals, which also implies that the faunal 
spectrum found in these deposits reflects the prevailing palae
oenvironmental and palaeoclimatic condition. The basic assumption is 
that the animals hunted by humans and identified in these Palaeolithic 
contexts represent the species present in that territory at that time, 
especially for land mammals and birds. The faunal assemblage from the 

Gravettian level of SMA-Esterno (SU8) included Bos primigenius, Capra 
ibex, Cervus elaphus, Sus scrofa, Equus ferus, Meles meles, Canis lupus, 
Vulpes vulpes, Panthera pardus, and Lepus corsicanus.

The mammalian fauna is largely dominated by E. ferus, which sup
ports the presence of open shrublands and grasslands alongside fairly 
cold climatic conditions. In Apulia, fossils of the wild horse are 
frequently associated with the remains of European ass Equus hydrunti
nus (e.g., Boschin and Boscato, 2016; Mecozzi et al., 2021; Conti et al., 
2010, 2012). Horse material from Apulia, as is the case with other 
mammals, is usually not formally described, probably because these 
remains are generally highly fragmented due to the exploitation of 
carcasses by humans (Sarti et al., 1998; Boscato et al., 2006). Recently, 
Mecozzi and Strani (2022) carried out a substantial revision of the date 
that also included the material from SMA-Esterno, suggesting a 
morphological and biometric homogeneity of the wild horse record from 
Apulia throughout the Late Pleistocene, with the exception of a pro
portion of muzzle. The two nearly complete crania from Cardamone 
have wide and short muzzle, pattern observed in specimens found in 
deposits attributed to a glacial stage (Mecozzi and Strani, 2022). How
ever, the absence of body-size variation implies that wild horses in 
Apulia faced low competition for resources within a stable landscape, 
predominantly characterized by open-environments (i.e, steppe-like 
and/or grasslands) over the last 300 ka.

The second well represented taxon in the studied sample is the 
aurochs (B. primigenius). A number of studies focused on its size vari
ability, characterized by a decrease of the dimension from the large- 
sized specimens of the Middle Pleistocene to small-sized ones of the 
Holocene (Grigson, 1969; Degerbøl and Fredskil, 1970; Brugal, 1983; 
Cerilli and Petronio, 1992). The comparison of the fossil sample from 
Apulia shows a reduced variability, with a slight increase trend across 
time. For instance, the mean value of the samples from glacial sites 
(Grotta Paglicci, Cardamone, SMA-Esterno) is generally larger than that 
of the latest Pleistocene to Early Holocene deposits of Grotta delle Mura 
and Grotta Romanelli. The Bovinae are included in the ecological cat
egories of grazers (75 % of diet is represented by grasses), browsers 

Fig. 9. Box plot of the length of the lower fourth premolar (P4 in mm) of Canis lupus from late Middle to Late Pleistocene Apulian sites (in orange) and from Grotta di 
Santa Maria di Agnano (red). Abbrevations: CB – Cava Bianco - Melpignano; CN – Cava Nuzzo - Melpignano; SS3 – San Sidero 3; GR – Grotta Romanelli; Ing – 
Ingarano; A8 – Avetrana bed 8; CS – Cava Spagnulo; SS1 – San Sidero-fissure 1; FC – Fondo Cattìe; Car. Cardamone; GP – Grotta Paglicci; SMA – Grotta di Santa Maria 
di Agnano – Esterno. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)
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(reduced amount of grasses), or mixed-feeders (25 %–75 % of grass) (see 
Masini et al., 2013 for discussion). The increase of the lower third molar 
length during the Late Pleistocene took place during the global climatic 
cooling trend culminating in the Last Glacial stage at the end of Late 
Pleistocene (MIS 2). As previously mentioned, the areas covered by 
forests decreased in favour of open landscapes during the MIS 2, with the 
landscapes mainly represented by grass-dominated meadows (Petrucci 
et al., 2005; Renault-Miskovsky et al., 2011, 2015; Gatta et al., 2016; 
Berto et al., 2017; Giustini et al., 2024). The observed trend of increasing 
teeth size in Bos primigenius could be a response to cold climatic condi
tions, which likely contributed to the transformation of the typical 
Mediterranean environments documented in southern Europe into more 
open environments (likely documented at Grotta di Santa Maria di 
Agnano, and Grotta Paglicci). This change would have enhanced the 
availability of trophic resources for Bos primigenius, the diet of which is 
mostly based on grasses (Schulz and Kaiser, 2007 and reference therein).

The presence of the wild boar in the Gravettian and Epigravettian 
levels of SMA-Esterno was previously reported by Iannucci et al. (2020). 
The authors carried out a large revision of the fossil sample of this 
species from Apulian deposits chronologically encompassing the period 
from the late Middle Pleistocene to the Early Holocene. The results of the 
biometric comparison and the body mass estimation revealed the pres
ence of size fluctuations, giving no support to the hypothesis of a pro
gressive trend toward small dimension generally supposed in 
palaeontological literature. Two distinct groups of S. scrofa were iden
tified: large-sized from interglacial stages and small-sized from glacial 
ones (including the SMA-Esterno fossils). The authors interpreted the 
size reductions as an effect of the decrease of available trophic resources 
and the increase in the competition due to the deterioration and frag
mentation of forests during the glacial times.

At SMA-Esterno, the ibex (C. ibex) is poorly represented. This species 
is typically associated with rocky or steep mountain walls and foothill 
environments, occupying open rocky habitats or open and sunny 
woodlands interspersed with rocky surfaces (Villaret et al., 1997; 
Grignolio et al., 2003). The studied sample also includes the red deer 
(C. elaphus) and the Sardinian hare (L. corsicanus), which inhabit open 
deciduous woodlands, Mediterranean scrubs, and coniferous wood
lands. These species have been reported in faunal assemblages referred 
to as both glacial and periglacial stages in the Apulian Late Pleistocene 
(e.g., Rustioni et al., 2003; Boscato, 1994; Conti et al., 2012).

The carnivores are quite scarce in SU8 of SMA-Esterno. The Eurasian 
badger is typical of the forest, such as deciduous woodlands, mixed and 
coniferous woodlands and scrub (Boitani et al., 2003). The leopard has a 
wide habitat tolerance, ranging from rainforests to deserts, from 
mountainous habitats to coastal scrubs or swampy areas (Nowell and 
Jackson, 1996). Likewise, the canids (C. lupus and V. vulpes) show a wide 
geographical distribution and ecological tolerance, which allows them 
to occupy a number of different habitats (Ungar, 2010). In Upper 
Palaeolithic contexts, carnivores were generally captured for their fur, 
as supported by the prevalence of skinning traces recovered on distal 
limb elements and on cranial bones (e.g., Tagliacozzo et al., 2003).

Santa Maria di Agnano is located at the north-western margin of the 
Risieddi promontory, at about 175 m a.s.l., between the coastal plain 
and the hill of the Murge plateau, offering a wide visibility on the sur
rounding areas (Fig. 10). The Gravettian occupation of SMA-Esterno is 
dated to the onset of the Last Glacial period, shortly after the MIS 3-MIS 
2 transition (attested at ca. 29 ka; Clark et al., 2009; Hughes et al., 
2013). Sea levels were affected by an extent drawdown at around 40 ka 
ago, reaching the lowest level during the LGM (c. 22 ka). This significant 
sea-level drop exposed landscapes, positioning the coastline approxi
mately 20 km from the current one far below present-day levels 
(Fig. 10). This created a large flat plain that facilitated the movement of 
Palaeolithic humans and the hunting of large mammals. At a regional 
scale, lower sea levels reduced the distance between territories sepa
rated by sea, providing new opportunities for mammal and human 
populations to disperse via short crossings (Benjamin et al., 2017 and the 

references therein). The submerged plain of the Adriatic Sea is as an 
example of a new land bridge between the Balkans and the Italian 
Peninsula (Fig. 10). Subsistence strategies were quite constant at 
SMA-Esterno, with Gravettian hunting focused mainly on the wild horse 
and aurochs, probably captured in the extended coastal plain bordering 
the Adriatic Sea during the MIS 2 and dominated by open environments. 
The sporadic fossils of other species indicate that they were also able to 
exploit relatively diverse habitats of the rugged terrain and plateau close 
to the site. The presence of Capra ibex suggests open and rocky land
scapes in the Risieddi plateau, while the limited forest cover around the 
site (in the top of Risieddi plateau and its slopes) is inferred by the 
presence of C. elaphus, L. corsicanus, and S. scrofa.

5.2. Regional differences in mammal paleocommunities

The Italian Peninsula, alongside the Iberian and Balkan Peninsulas, 
played the role of a glacial refugium during the Late Glacial (MIS 5d-2), 
where species adapted to temperate climatic conditions could survive 
during the glacial stages (Sommer and Nadachowski, 2006; Bhagwat 
and Willis, 2008; Provan and Bennett, 2008; Stewart et al.,2010). This 
territory was characterised, as it is today, by marked regional climatic 
differences, mainly due to its peculiar latitudinal extension and the 
presence of the Alpine and Apennine chains (see Manzi et al., 2011 for 
discussion). The pattern of regionalism, especially at the end of the 
Pleistocene, resulted in an asynchrony in mammalian dispersal events 
and extinctions in the Italian Peninsula (Gliozzi et al., 1997; Masini and 

Fig. 10. Topography of the study area and the shoreline at the Last Glacial 
Maximum (red line) (a). Topographic profile along the A-A1 transept (location 
in Fig. 9a) (b). Orange stars indicate the position of Grotta di Santa Maria di 
Agnano – Esterno. (For interpretation of the references to colour in this figure 
legend, the reader is referred to the Web version of this article.)
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Sala, 2011). Mammalian taxa that had been adapted to warm and wet 
climate disappeared after the Last Interglacial (MIS 5; e.g., Palae
oloxodon antiquus and Hippopotamus; Mecozzi et al., 2021; Pieruccini 
et al., 2022; Mecozzi et al., 2024), whereas others became less frequent 
until their complete disappearance during MIS 3 (e.g., Stephanorhinus 
hemitoechus and Dama dama; Gliozzi et al., 1997; Pandolfi et al., 2017; 
Mecozzi et al., 2021). The ongoing climate cooling during the Late 
Pleistocene favoured the diffusion of species well adapted to cold and 
arid conditions and open environments. An example of an asynchronic 
dispersal event is documented for Mammuthus primigenius: its earliest 
dispersal in northern and central Italy, albeit sporadic, was attested at 
the end of the Middle Pleistocene (MIS 6), becoming relatively frequent 
during the Late Glacial (Braun and Palombo, 2012). In southern Italy, 
M. primigenius was found only at Cardamone (probably MIS 2) (Rustioni 
et al., 2003).

One of the factors limiting the study of the impact of climatic changes 
of the Late Pleistocene on terrestrial ecosystems relates to the human 
exploitation of animal carcasses, the remains of which are often found in 
association with Middle and Upper Palaeolithic tools, creating generally 
highly fragmented assemblages. Such fossil assemblages have rarely 
been studied from a palaeontological perspective, and often not formally 
described or documented. By analysing the remains found in association 
with Gravettian tools in the Italian Peninsula, several differences in 
mammal palaeocommunities can be observed for the period of approx
imately 30–20 ka, allowing us to investigate the effect of climate on 
terrestrial ecosystems (Table 3; Fig. 11). Indeed, the mammal remains 
found in these Gravettian contexts represent animals hunted by humans, 
likely consisting of species that were the most common in that specific 
territory at that time. As aforementioned, humans were skilled hunters 
capable of capturing land and water animals, and therefore the fossil 
sample associated with lithic tools provided a wide spectrum of hunting 
strategies, but also reflects the palaeoenvironmental and palaeoclimatic 
contexts. Thus, comparing these mammalian assemblages allows us to 
identify differences in the environments and climates of various Italian 
contexts.

At the northern sites, level D of Riparo Mochi, levels P13-P9 of Arene 
Candide, and levels D1d-D1e of Riparo Fumane, the cold adapted species 
were reported, such as Marmota marmota, Alces alces, Megaloceros 
giganteus, Mustela nivalis, and Mustela erminea (Table 4). The wild horse 
(E. ferus) and the European ass (E. hydruntinus) seem to have been 
completely absent. In the south, these two equids are well represented in 
Grotta di Roccia San Sebastiano and Grotta Paglicci (Table 4). In addi
tion, the species adapted to cold climatic conditions were not reported in 
the Gravettian deposits of southern Italy, excepted for M. marmota 
recorded at Grotta del Romito and Grotta Paglicci (Table 4). This spe
cies, however, was also recorded in the final Upper Palaeolithic levels 
(generally known as terre brune, levels E-A, ISU5) of Grotta Romanelli 
(Apulia, southern Italy; Tagliacozzo, 2003) and of Grotta Paglicci 
(Boschin, 2019). The Alpine marmot is found in alpine meadows and 
high-altitude pastures, typically on south-facing slopes from 1200 to 
3000 m a.s.l. Its presence in southernmost part of the Apulia, the terri
tory that is flat and without hills, points to harsh climatic conditions 
during the latest Pleistocene.

Other taxa well adapted to cold climatic conditions were docu
mented generally in northern and central Italy. The remains of 
M. primigenius are relatively diffused in northern and central Italy, but 
never found associated with Gravettian tools, as documented in the 
faunal assemblages from Buca della Iena, Canale delle Acque Alte (=
Canale Mussolini, central Italy), Montecatini Terme, Pagano d’Asolo, 
Riparo Tagliente, San Giovanni di Valdobbiadine, Settepolesini di Bon
deno, and Torrente Conca (Braun and Palmbo, 2012 and reference 
therein). The woolly mammoth was also recorded at Arene Candide but 
associated with Epigravettian tools (level P9 dated to 20,470 ± 320 
years BP and level P1 dated to 18,560 ± 210 years BP; Cassoli and 
Tagliacozzo, 1994a). Another iconic species of the Late Glacial is Coe
lodonta antiquitatis. This taxon was found at Riparo Fumane (but not in 

the Gravettian levels; Billia and Graovac, 1999), Monte Circeo 
(Palmarelli and Palombo, 1981), Fadalto nel Veneto, Opcina, Polesine 
(Leonardi, 1947, 1948), and Ingarano (Billia, 2001). Unfortunately, the 
majority of these specimens lacks clear stratigraphic and chronological 
data, which prevents the reconstruction of the specie’ comprehensive 
biochronological framework in the Italian Peninsula. The woolly rhi
noceros was found associated with M. primigenius at Settepolesini di 
Bondeno (Gallini and Sala, 2001) and Cardamone (Rustioni et al., 2003), 
representing the Italian records of “Mammuthus-Coelodonta faunal 
complex.” Cardamone, in particular, is of considerable interest because 
this site represents one the southernmost occurrences of this 
cold-adapted faunal assemblage in Europe (Rustioni et al., 2003; Kahlke, 
2014). Unfortunately, the deposit was discovered at the end of the 
1800s, and it is completely destroyed today. The mammalian assem
blage from Cardamone, in addition to the woolly mammoth and the 
woolly rhinoceros, includes Equus ferus, Bos primigenius, Cervus elaphus, 
Canis lupus, Vulpes vulpes, Crocuta crocuta, Lepus europaeus, Oryctolagus 
cuniculus, and Erinaceus europaeus (Rustioni et al., 2003).

Other two taxa representative of the Late Glacial are Bison priscus and 
Alces alces. The moose was mainly found in the Po’ Valley (including 
Settepolesini del Bondeno), with only three records found at other sites 
in the northern Italian Peninsula: Arene Candide, Diamantina, and Balzi 
Rossi (Breda, 2001 and reference therein). This species inhabits a wide 
range of woodland habitats in boreal to temperate zones, with a marked 
preference for second growth boreal forest, opening, swamps, lake and 
wetlands (Bauer and Nygrén, 1999; Janík et al., 2021). The specific 
identification of bovinae fossils of late Middle to Late Pleistocene faced 
considerable difficulties, especially for isolated and/or fragment fossils, 
due to the strong morphological similarities between Bos primigenius and 
Bison priscus. The specimens from archaeological deposits are highly 
fragmented, which further complicates their specific identification. 
Often, these samples are classified as Bos vel Bison, Bovidae indet or 
Bovinae indet. However, the geographical distribution of these two 
species in the Late Pleistocene is quite different: the presence of 
B. primigenius is quite abundant, with fossils found across all the Italian 
Peninsula (Minieri et al., 1995) while B. priscus was generally recognized 
only in the northern regions of the peninsula, with sporadic specimens 
(Paronuzzi et al., 2018; Terlato et al., 2019). However, the cranial re
mains found at Riparo del Molare, attributed to MIS 5d-a, extend its 
palaeoareal into the western areas of southern Italy during the early Late 
Pleistocene (Spagnolo et al., 2020).

To sum up, mammalian palaeocommunities during the Last Glacial 
of the Italian Peninsula show strong regionalism differences, which were 
linked to climatic conditions that, in turn, largely affected terrestrial 
ecosystems. Between 30 and 20 ka ago, as fossil remains associated with 
Gravettian tools show, the species adapted to cold climates occupied the 
northern and central part of Italian Peninsula, while in the southern 
regions of the peninsula only mammalian species adapted to temperate 
conditions survived. Only during the LGM the woolly mammoth and the 
woolly rhinoceros reached the southern areas, with the unique date 
documented at Cardamone (even though no radiometric measurements 
have been carried out to confirm this). These results, therefore, reinforce 
the idea that the Italian Peninsula played the role of a glacial refugium 
during the Late Glacial, especially in its southern parts.

6. Conclusions

The study of the fossil remains from the Gravettian level (SU8) of the 
SMA-Esterno is reported here for the first time. The faunal assemblage 
includes Bos primigenius, Capra ibex, Cervus elaphus, Sus scrofa, Equus 
ferus, Meles meles, Canis lupus, Vulpes vulpes, Panthera pardus, and Lepus 
corsicanus. These fossils were found associated with Gravettian tools, 
which testify to human frequentations of the site. The bones are highly 
fragmented, and several of these also show cutmarks, documenting a 
human exploitation of carcasses.

The faunal assemblage from SU8 is dominated by Equus ferus and Bos 
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Fig. 11. Maps of the selected Italian localities of with mammalian remains associated with Gravettian tools and sites with the presence of Coelodonta antiquitatis and/ 
or Mammuthus primigenius. Legend: 1 – Riparo Mochi; 2 – Arene Candide; 3 – Riparo Fumane; 4 – Grotta del Rio Secco; 5 – Grotta di Roccia San Sebastiano; 6 – Grotta 
Paglicci; 7 – Grotta di Santa Maria di Agnano; 8 – Grotta della Cala, Grotta della Serratura; 9 - Grotta del Romito; 10 – Buca della Iena; 11 – Torrente Conca; 12 - 
Settepolesini di Bondeno; 13 – Polesine; 14 – Riparo Tagliente; 15 – Pagano d’Asolo, San Giovanni di Valdobbiadine; 16 – Fadalto nel Veneto; 17 – Opcina; 18 – 
Montecatini Terme; 19 – Sant’Anna; 20 – Canale delle Acque Alte (= Canale Mussolini); 21 – Monte Circeo; 22 – Ingarano; 23 – Cardamone (see the text 
for references).
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Table 4 
The mammalian faunas from the Gravettian occupations in the Italian Peninsula.

Site Riparo Mochi (
Tagliacozzo et al., 
2012)

Arene Candide (
Cassoli and 
Tagliacozzo, 1994a)

Riparo Fumane. (
Cassoli and 
Tagliacozzo, 1994b)

Grotta del Rio 
Secco (Peresani 
et al., 2004)

Grotta di Roccia San 
Sebastiano (
Belluomini et al., 
2007)

Grotta della Cala (
Boscato et al., 
1997)

Grotta della 
Serratura 
(Boscato et al., 
2003)

Grotta del Romito 
(Bertini Vacca, 2012)

Grotta Paglicci (
Sala, 1983; 
Boscato, 2004)

SMA- 
esterno

Levels - 
Dating

D P13 25.620 ± 220 
P9 20.470 ± 320

D1d - D1e 6 - 27080 ±
230–28300 ± 260

c2 - 23.600 3 dm - 26.880 ±
320–26.380 ±
260

F E 25.970 ± 140 
D - 20.670 ± 520

G - 19351 ± 180–19373 
± 90 BP H - 20210 ± 245 
BP I - 23475 ± 190 BP

23A - 28.100 ±
400 18b2 - 
20.200 ± 305

SU8

Species
Bos 

primigenius
• • ​ ​ • • • • • •

Capra ibex • • • • ​ • • • • •

Rupicapra 
rupicapra

• ​ • • ​ • ​ ​ ​ ​

Rupicapra sp ​ ​ ​ ​ ​ ​ • • • ​
Cervus elaphus • • • ​ • • • ​ • •

Capreolus 
capreolus

• • • ​ ​ • • • • ​

Alces alces • ​ ​ ​ ​ ​ ​ ​ ​ ​
Megaloceros 

giganteus
​ • • ​ ​ ​ ​ ​ ​ ​

Sus scrofa • ​ ​ ​ ​ • • • • •

Equus ferus ​ ​ ​ ​ • ​ ​ ​ • •

Equus 
hydruntinus

​ ​ ​ ​ • ​ ​ ​ • ​

Canis lupus ​ • • ​ • ​ ​ • • •

Vulpes vulpes • • • ​ • • • • • •

Crocuta 
spelaea

• • ​ ​ ​ ​ ​ ​ • ​

Ursus arctos ​ ​ • ​ ​ ​ • • • ​
Ursus spelaeus ​ • ​ ​ ​ ​ ​ ​ ​ ​
Ursus sp. • ​ ​ ​ ​ ​ ​ ​ ​ ​
Panthera 

pardus
• • • ​ ​ • ​ ​ ​ •

Lynx lynx • • • ​ ​ ​ • • ​ ​
Felis sylvestris • • • ​ ​ • • • ​ ​
Meles meles ​ • ​ ​ ​ ​ ​ ​ ​ ​
Martes martes ​ • ​ ​ ​ ​ ​ ​ ​ ​
Mustela 

putorius
​ ​ • ​ ​ ​ ​ ​ ​ ​

Mustela nivalis ​ • • ​ ​ ​ ​ ​ ​ ​
Mustela 

erminea
​ • ​ ​ ​ ​ ​ ​ ​ ​

Marmota 
marmota

• • • ​ ​ ​ ​ • • ​

Castor fiber ​ ​ ​ • ​ ​ ​ ​ ​ ​
Lepus 

corsicanus
​ ​ ​ ​ ​ ​ ​ ​ ​ •

Lepus 
europaeus

​ ​ ​ ​ ​ • ​ ​ • ​

Lepus sp. • • ​ ​ ​ ​ • • ​ ​
Oryctolagus 

cuniculus
• • ​ ​ ​ ​ ​ ​ ​ ​

Erinaceus 
europaeus

• • ​ ​ ​ ​ ​ • ​ ​

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
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primigenius, which strongly hint at the widespread presence of open 
environments, probably in the large coastal plains. This conclusion is 
also backed by palaeobotanical analyses. Sporadic finds of Cervus ela
phus and Sus scrofa are also indicative of limited wooded areas, probably 
developed along the top of the Risieddi plateau and its slopes.

The comparison of mammalian assemblages from the Last Glacial of 
the Italian Peninsula revealed a remarkable regionalism of the terrestrial 
ecosystems affected by a strong climatic gradient due to the latitudinal 
extension of the Italian Peninsula and the presence of the Alps and the 
Apennines. These geographical constraints are reflected in significant 
differences among mammalian palaeocommunities, with species well 
adapted to glacial conditions recorded in the northern and central parts 
of the Italian Peninsula. The cold adapted species in the southern regions 
of the Italian Peninsula were recognized only at Cardamone, supporting 
their diffusion over these territories only during the peak of the Last 
Glacial Maximum.
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Bertini Vacca, B., 2021. The hunting of large mammals in the upper palaeolithic of 
southern Italy: A diachronic case study from Grotta del Romito. Quat. Int. 252, 
155–164.

Berto, C., Boscato, P., Boschin, F., Luzi, E., Ronchitelli, A., 2017. Paleoenvironmental and 
paleoclimatic context during the upper palaeolithic (late upper pleistocene) in the 
Italian peninsula. The small mammal record from grotta Paglicci (Rignano 
Garganico, Foggia, southern Italy). Quat. Sci. Rev. 168, 30–41.

Bhagwat, S.A., Willis, K.J., 2008. Species persistence in northerly glacial refugia of 
Europe: a matter of chance or biogeographical traits? J. Biogeogr. 35 (3), 464–482.

Billia, E., 2001. First finding of wolly rhino Coelodonta antiquitatis (Blumenbach, 1799) 
(Mammalia, Rhinocerotidae) in Gargano (Apulia, southern Italy). Evolution of life on 
the Earth. Proceedings of the II International Symposium, pp. 471–476.

Billia, E.M.E., Graovac, S.M., 1999. Amelogenesis Imperfecta on a Deciduous Molar of 
Coelodonta antiquitatis (Blumenbach, 1799) (Mammalia, Perissodactyla, 
Rhinocerotidae) from Grotta Fumane (Verona, Northern Italy): a Rare Case Report. 
XI International Symposium of Dental Morphology, pp. 179–186. Oulu, Finland. 
1998. 

Binford, L.R., 1981. Bones: Ancient Men and Modern Myths. Academic Press, New York. 
Boitani, L., Lovari, S., Vigna Taglianti, A., 2003. Fauna d’Italia. Mammalia III. Carnivora 

– Artidactyla, Calderini ed., p. 434 Bologna. 
Bon, M., Boscato, P., 1993. Analisi paleontologica e paleoecologica di macro e 

micromammiferi dei livelli romanelliani e mesolitici della Grotta delle Mura 
(Monopoli, Bari). Quat. Nova 3, 53–104.

Boscato, P., 1994. Grotta Paglicci: la fauna a grandi mammiferi degli strati 22-24 
(Gravettiano antico-Aurignaziano). Riv. Sci. Preist. 46, 145–176.

Boscato, P., Ronchitelli, A., Wierer, U., 1997. Il Gravettiano antico della Grotta della Cala 
a Marina di Camerota: paletnologia e ambiente. Riv. Sci. Preist. 48, 97–186.

Boscato, P., Di Giuseppe, Z., Martini, F., 2005. Grotta della Serratura (Marina di 
Camerota-SA). Primi dati sulle faune a macromammiferi della sequenza gravettiana. 
Atti 4 Convegno Nazionale di Archeozoologia, Quaderni Museo Archeologico del 
Friuli occidentale 6, 75–85.

Boscato, P., Crezzini, J., Pellegrini, A., 2006. Le parti mancanti: faune del Paleolitico 
Medio nel deposito esterno della Grotta di Santa Croce, Bisceglie (BA). In: 

B. Mecozzi et al.                                                                                                                                                                                                                                Quaternary International 728 (2025) 109767 

17 

https://doi.org/10.1016/j.quaint.2025.109767
https://doi.org/10.1016/j.quaint.2025.109767
http://refhub.elsevier.com/S1040-6182(25)00110-7/sref1
http://refhub.elsevier.com/S1040-6182(25)00110-7/sref1
http://refhub.elsevier.com/S1040-6182(25)00110-7/sref1
https://doi.org/10.1080/01977261.2021.1887611
https://doi.org/10.1080/01977261.2021.1887611
http://refhub.elsevier.com/S1040-6182(25)00110-7/sref3
http://refhub.elsevier.com/S1040-6182(25)00110-7/sref3
http://refhub.elsevier.com/S1040-6182(25)00110-7/sref3
http://refhub.elsevier.com/S1040-6182(25)00110-7/sref4
http://refhub.elsevier.com/S1040-6182(25)00110-7/sref4
http://refhub.elsevier.com/S1040-6182(25)00110-7/sref4
http://refhub.elsevier.com/S1040-6182(25)00110-7/sref5
http://refhub.elsevier.com/S1040-6182(25)00110-7/sref5
http://refhub.elsevier.com/S1040-6182(25)00110-7/sref5
http://refhub.elsevier.com/S1040-6182(25)00110-7/sref6
http://refhub.elsevier.com/S1040-6182(25)00110-7/sref6
http://refhub.elsevier.com/S1040-6182(25)00110-7/sref6
http://refhub.elsevier.com/S1040-6182(25)00110-7/sref7
http://refhub.elsevier.com/S1040-6182(25)00110-7/sref7
http://refhub.elsevier.com/S1040-6182(25)00110-7/sref7
http://refhub.elsevier.com/S1040-6182(25)00110-7/sref7
http://refhub.elsevier.com/S1040-6182(25)00110-7/sref8
http://refhub.elsevier.com/S1040-6182(25)00110-7/sref8
http://refhub.elsevier.com/S1040-6182(25)00110-7/sref9
http://refhub.elsevier.com/S1040-6182(25)00110-7/sref9
http://refhub.elsevier.com/S1040-6182(25)00110-7/sref9
http://refhub.elsevier.com/S1040-6182(25)00110-7/sref9
http://refhub.elsevier.com/S1040-6182(25)00110-7/sref9
http://refhub.elsevier.com/S1040-6182(25)00110-7/sref9
http://refhub.elsevier.com/S1040-6182(25)00110-7/sref10
http://refhub.elsevier.com/S1040-6182(25)00110-7/sref10
http://refhub.elsevier.com/S1040-6182(25)00110-7/sref10
http://refhub.elsevier.com/S1040-6182(25)00110-7/sref10
http://refhub.elsevier.com/S1040-6182(25)00110-7/sref10
http://refhub.elsevier.com/S1040-6182(25)00110-7/sref11
http://refhub.elsevier.com/S1040-6182(25)00110-7/sref11
http://refhub.elsevier.com/S1040-6182(25)00110-7/sref11
http://refhub.elsevier.com/S1040-6182(25)00110-7/sref12
http://refhub.elsevier.com/S1040-6182(25)00110-7/sref12
http://refhub.elsevier.com/S1040-6182(25)00110-7/sref12
http://refhub.elsevier.com/S1040-6182(25)00110-7/sref13
http://refhub.elsevier.com/S1040-6182(25)00110-7/sref13
http://refhub.elsevier.com/S1040-6182(25)00110-7/sref13
http://refhub.elsevier.com/S1040-6182(25)00110-7/sref13
http://refhub.elsevier.com/S1040-6182(25)00110-7/sref14
http://refhub.elsevier.com/S1040-6182(25)00110-7/sref14
http://refhub.elsevier.com/S1040-6182(25)00110-7/sref15
http://refhub.elsevier.com/S1040-6182(25)00110-7/sref15
http://refhub.elsevier.com/S1040-6182(25)00110-7/sref15
http://refhub.elsevier.com/S1040-6182(25)00110-7/sref16
http://refhub.elsevier.com/S1040-6182(25)00110-7/sref16
http://refhub.elsevier.com/S1040-6182(25)00110-7/sref16
http://refhub.elsevier.com/S1040-6182(25)00110-7/sref16
http://refhub.elsevier.com/S1040-6182(25)00110-7/sref16
http://refhub.elsevier.com/S1040-6182(25)00110-7/sref17
http://refhub.elsevier.com/S1040-6182(25)00110-7/sref18
http://refhub.elsevier.com/S1040-6182(25)00110-7/sref18
http://refhub.elsevier.com/S1040-6182(25)00110-7/sref19
http://refhub.elsevier.com/S1040-6182(25)00110-7/sref19
http://refhub.elsevier.com/S1040-6182(25)00110-7/sref19
http://refhub.elsevier.com/S1040-6182(25)00110-7/sref20
http://refhub.elsevier.com/S1040-6182(25)00110-7/sref20
http://refhub.elsevier.com/S1040-6182(25)00110-7/sref21
http://refhub.elsevier.com/S1040-6182(25)00110-7/sref21
http://refhub.elsevier.com/S1040-6182(25)00110-7/sref22
http://refhub.elsevier.com/S1040-6182(25)00110-7/sref22
http://refhub.elsevier.com/S1040-6182(25)00110-7/sref22
http://refhub.elsevier.com/S1040-6182(25)00110-7/sref22
http://refhub.elsevier.com/S1040-6182(25)00110-7/sref23
http://refhub.elsevier.com/S1040-6182(25)00110-7/sref23


Tecchiati, U., Sala, B. (Eds.), Studi di Archeozoologia in onore di Alfredo Riedel. 
Ripartizione Beni Culturali, Ufficio Beni Archeologici, Bolzano, pp. 39–50.

Boschin, F., 2018. Animal remains from the multilayered site of Elvas-Kreuzwiese pf 574 
(South Tyrol, Italy). Annalen des Naturhistorischen Museums in Wien. Serie A für 
Mineralogie und Petrographie, Geologie und Paläontologie. Anthropologie und 
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